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Presentation

Dear all,

We are pleased to introduce you the scientific programme of the 7th edition of ForestSAT. The
international conference of Spatial Application Tools in Forestry is the continuation of an idea that
started in back in 2002. Anidea that has been growing progressively into an international movement
of foresters, scientists and developers around the use of Earth Observation in forestry. This year,
the organisation of this conference is happening outside the traditional venues in Europe or North
America. Chile, one of the countries with important forest resources, some of them unique and well
protected in a long list of National Parks and Reserves of the Biosphere, is our impressive venue
this year. With just 18 million population, the 796,000 km2 has 23% forested, where 19% are native
forests supporting high endemism of flora and fauna. This conference also happens at the time the
Chilean parliament approved their National Strategy for Climate Change and Vegetation Resources
for 2017-2025. This is an important step forward in the rationalization and protection of the unique
and sensitive environmental resources of this country. The strategy, coordinated by the Chilean
Forest Service, CONAF, contemplates the use of Earth Observation and others sources of spatial
information as fundamental tools for the implementation and management of policies.

As always, the scientific team has made a selection of topics based on the global interest of our
community that focused on Forest Monitoring, REDD+ and FLEGT, the usual Forest Inventory and
Mapping, Forest Management and Development Methods. This year, the organisation wanted
to introduce specific subjects of interest for the Latin American community with some of the
presentations in Spanish to allow other scientists to break language barriers and contribute with their
unique experiences.

Three keynote speakers where selected because of the relevance of their work for the international
community.

DrWarren Cohen, from the US Forest Service based in Oregon, is a well know scientist that has been
working for many years in the development of tools to monitor the trajectories of change in the forest.
His work has created important applications for the US Forest Service to map changes, the impact
of disturbances and the recovery of the vegetation. In a time where the EU has launched the new
Sentinel-2 sensors that join the Landsat series of satellites, his tools are one of the most important for
a continuous and complete monitoring of the forested parts of this planet.

Professor Pang Yong, from the Chinese Academy of Forestry, is presenting all the interesting work
that they have been developing over many years in partnership with the Chinese Academy of
Sciences and their own Space programme. He will be talking about the, mostly unknown outside
China, Gaofen sensor and the way is being used by the forest service to monitor their constantly
expanding forest resources. Also, he will be talking about the integration of LiDAR, Hyperspectral
and video sensors under the LiCHy programme. This is a highly portable group of sensors that aims
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to explore the strengths of each one for a comprehensive monitoring of the forest resources from an
airborne platform.

Dr. Maria Pilar Martin, Spanish National Research Council, will be talking about her experience in the
monitoring of grasslands and forest fires in the Mediterranean using spectro-radiometric sensors.
She has an extensive career as a researcher that has participated in many national and international
projects with a long list of peer-reviewed papers. She will be talking about the techniques she has
been pioneering over these years and provide an overview of what is going to be the future in the use
of spectral analysis.

Finally, the organisation of the conference will like to pay tribute to Dr. Thomas Hilker, sadly missed
a few months before. At the age of just 40 years old, Thomas has left us full of sorrow but with an
important legacy of scientific work in his prolific career that covered almost every technique from
LiDAR to Satellite imagery, hyperspectral analysis, modelling, data mining, multi-angle analysis,
data fusion and even as an editor of Remote Sensing of the Environment. He was a brilliant scientist
and our friend. Professor Nicholas Coops will present a summary of his valuable contribution to our
science in a special session.

We all hope that the list of oral presentations, posters and training courses become an enjoyable
experience for you.

Best wishes,

Juan Suarez and Claudio Mufioz, conference conveners.
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Abstract

A new sampling design method, termed ‘Nearest Centroid’ (NC), based on k-means clustering, is
applied to ALS data captured over a native eucalypt forest on the south coast of New South Wales,
Australia. The NC method has been specifically designed for imputation and optimizes the survey
design by using the distance properties of the sample in the space defined by the auxiliary variables.
A total of 338 ground plots, 6 inventory variables and 44 ALS predictor variables were used in the
study. Reference plots were chosen from candidate plots according to the sampling strategies: simple
random; locally balanced and NC. Specifications in the imputation prediction process were also varied
and compared. In all cases, NC sampling was more efficient.

Introduction

Significant progress has been made in the utilisation
of airborne laser scanning (ALS) data (also referred
to as LiDAR data) to predict forest inventory
variables across a range of conditions. It is now well
established that the use of imputation in Australian
softwood plantations provides better precision than
traditional inventory methods [Melville et al., 2015;
Rombouts et al. 2015, Melville and Stone, 2016].
However, when ALS data are used on naturally
generated forests, such as native eucalypt forests,
the correlation between the LiDAR metrics and
the key forest attributes is not as pronounced as
it is with softwood plantations. There are several
reasons for this, including the diversity of species,
combined with different canopy heights, ages and
stem characteristics, all of which lead to a complex
three-dimensional structure which is encapsulated
in the LiDAR information.

Imputation is commonly used in conjunction with
LiDAR-based forest inventory and assessment
[McRoberts et al., 2015]. In the context of ALS-
enhanced forest inventory, usually the target
observations are comprised of pixel-level ALS
metrics from a LiDAR acquisition campaign. Specific
information relating to key attributes, such as
timber volume, is assigned to non-measured plots
from the most closely related measured plots as
defined by the similarity structure. In order to be
effective, ground reference plots selected for the
LiDAR imputation process must cover the full range
of variability in the targeted attributes.

There are several sampling methods which are suited
to a modelling approach including the widely used
grid-based sampling approach and/or strategies
which employ stratification, including stratification
based on LiDAR variables [e.g. Hawbaker et al.,
2009]. In addition to these conventional approaches,
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there are methods based on spatial segregation such
as the generalized random tessellation stratified
sampling (GRTS) method [Stevens and Olsen, 2004]
and methods based on multiple associated variables.
For example, the sensor-directed response surface
(SDRS) approach [Lesch, 2005], constructs a sample
using a principal components analysis of variables
correlated with the variable of interest, whereas
the locally balanced sampling method [Grafstrom
et al., 2014] selects a subset of plots which are
simultaneously balanced over multiple auxiliary
variables. The new sampling method examined
in this paper relies on a cluster analysis which is
carried out in the multi-dimensional space defined
by the auxiliary variables, and is termed the nearest
centroid (NC) approach [Melville and Stone, 2016].

Methodology

Study area: The study area of 120,000 ha comprises
several State Forests close to the coastal town
of Eden on the south coast of New South Wales
(Latitude ranging from -36°20" to -37°30" and
Longitude ranging from 149°13" and 150°00’). The
forests are dominated by a suite of native eucalypt
species thatinclude Eucalyptus sieberi, E. muellerana,
E. agglomerata and E. fastigata and managed by the
Forestry Corporation of New South Wales (FCNSW)
for the sustainable extraction of sawlogs and
pulpwood. The silvicultural practices in this region
include a combination of thinning and alternate
compartment harvesting which results in a mosaic
of multiple aged stands across the landscape.

Plot inventory and ALS data: Inventory data
obtained from 338 ha plots were collected during
June to September 2014 by Forest Data PL according
to FCNSW's standard inventory specifications.
Each plot was 0.1 ha in size and established on a
systematic grid with random start at an approximate
density of 1 plot per 250 ha. Six response variables
derived from the inventory plot data were used in
this study, specifically: merchantable volume (m3)
(MVol); merchantable volume for trees over 6ocm
(m3) (MVol6o), basal area (m*ha®) (BA), stems ha®
(SPH), stems ha*for trees over 6ocm (SPH60) and
quadratic mean of mean dominant height for trees
over 6ocm (m) (QMMDHG60).

Discrete return ALS data were acquired over the

Eden forests in July 2013 by RPS Australia East PL
using a Harrier 68i LiIDAR mapping system. The 44
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potential predictor variables in the ALS data were
reduced to around 8 by selecting variables which
minimised the mean squared prediction error.

Nearest Centroid sampling method: The Nearest
Centroid (NC) sampling method was developed
specifically with imputation in mind. It is assumed
that a reference plot well suited to imputation
would ideally have many nearest neighbours among
the target plots, that is, it is ‘well connected’ in the
covariate space [Melville and Stone, 2016; Melville et
al.2016].TheNCmethodisbasedonthearrangement
of the virtual plots in the multi-dimensional space
defined by the standardized auxiliary variables
(i.e. the LiDAR variables which are selected for
imputation). A suitable clustering algorithm s
employed, such as k-means clustering [Hartigan
& Wong, 1979] to segregate the virtual plots into
n clusters, where n is the sample size. Within each
cluster, the virtual plot closest to the cluster centroid
is chosen as the reference plot. When the reference
plots are sufficiently close to the cluster centroids,
these plots also become the nearest neighbour plots
within their respective clusters during imputation.
The method is illustrated in Figure 1 which displays
a series of target plots arranged into eight clusters,
based on the auxiliary variables pim (proportion of
heights greater than 1 m) and mgh (mean quadratic
height). The centroid of each cluster is displayed as
an asterisk. In each cluster the reference plot closest
(in the auxiliary space) to the centroid is selected as
the reference plot.

Simulation approach: The simulations were
performed by separating the available plots at
random into a candidate set (N_=138 plots) and
a target set (N=200 plots), a process which was
repeated for each realization. A sample of reference
plots (n=25) was chosen from the candidate set
according to one of three sampling strategies;
simple random sampling, locally balanced sampling
[Grafstrometal., 2014]and NCsampling. Irrespective
of the sampling method chosen, both the candidate
plots and the target plots are part of an overall grid
sample, as described above, which was used as the
original inventory. The reference plots were used to
predict the response variables in the target set and
the predicted values of the response variables were
compared to their actual values in order to evaluate
the sampling strategies in terms of relative root
mean square error (RRMSE), relative bias (RB) and
mean absolute deviation (MAD). The sample size
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was then varied from n=10 to n=75 so as to observe
the relationship between precision and the number
of reference plots.
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Fig 1. lllustration of nearest centroid (NC) sampling
method

Results

NC sampling was the most efficient strategy for all
the response variables (Table 1). For example the
best precision for MVol occurs with NC sampling

which is 1.36 times more efficient than random
sampling (12.0% vs 14.0% RRMSE). Relative
efficiencies across all variables range from 1.52
(SPH) to 1.20 (QMDBH60). The effect of sample size
on the prediction of MVol is shown in Figure 2, where
once again the NC sampling method gave the best
precision.
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Figure 2. Relative RMSE (%) of MVol vs sample size
for three sampling strategies

Table 1. Precision and bias of three sampling strategies using six response variables (n=25, k=1)

Variable Sample method RRMSE (%) RBias (%) RMAD (%)
MVol random 14.0 -0.4 11.1
balanced 13.0 -0.1 10.4
NC 12.0 -0.9 9.5
MVol6o random 16.7 1.4 13.3
balanced 15.0 1.2 11.9
NC 13.9 -3.9 11.3
SPH random 12.1 3.2 9.6
balanced 11.3 3.8 9.1
NC 9.8 1.4 7.8
BA random 7.2 0.9 5.7
balanced 6.7 1.2 5.3
NC 6.2 1.2 5.0
SPH60 random 22.2 -1.7 17.9
balanced 20.1 -1.1 16.1
NC 19.1 3.3 15.1
QMDBH60 random 4.6 -0.2 3.9
balanced 4.6 -0.3 3.7
NC 4.2 -0.5 3.3
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Conclusions

Both NC and balanced sampling were more efficient
than random sampling when they were used with
imputation in the Eden native eucalypt forest, with
NC sampling the most efficient. Efficiency gains of
up to 1.5 or more were achieved, depending on the
response variable and sample size. This would allow
the sample size to be reduced by 33% without any
adverse effect on the prediction errors.
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The land ownership and land use rights are high
on the global agenda. 50% of the sustainable
development goals for 2030 are land related. A
very rough estimation for reaching these goals with
traditional approaches in cadastral data acquisition
ends up in over 5oo years of cadastral survey work.
This estimation makes clear that breakthrough
techniques will be necessary to overcome this
demand.

A well-known approach for surveying big areas
in a short time is airborne or space borne remote
sensing. In Fit-For-Purpose approaches for land
administration printed imagery is used in the field
for boundary identification in a participatory way.
The question is, if radar image data can support
the mapping of cadastral boundaries in an efficient
way. A promising new approach in this area is using
airborne dual band InSAR (X- and P-Band). Due to
the known advantages, like cloud penetration, sun
light independency and foliage penetration, radar
imagery is increasingly being used for large scale
mapping and monitoring over the last decade.
Bradar’s airborne dual band Radar uses X- and
P-band because they have the most complementary
mapping characteristics. While X-band, with 3 cm
wavelength, maps exclusively the surface, P-band,
with 70 cm wavelength, penetrates the foliage and
allows mapping the topography below vegetation.
In the former days, the main application of this
technology wastheinterferometric phase processing
for the topographic mapping. Nowadays the high
quality images from the amplitudes are opening
new horizons for planimetric feature extraction
in scales up to 1:5.000 with the big advantage of
cloud penetration and a wide mapping swath. The
mentioned airborne radar systems combines all
these characteristics and could already map an
area of about 2.3 million km2 in Central and South
America and Europe.

Detect fences

New studies, realized by Bradarin Brazil, are showing
that P-Band is not only capable to detect boundaries
demarked by roads, river or vegetation, but also
very small wire fences, which are commonly used
for example in South America for demarking land
(Figure 1). Applying this technology to supporting
land registration and cadastral survey could be the
solution for speeding up registration processes. This
brings help to the local people in protecting them
from land grabbing.

Figure 1: Wire fence constructions are very often
cadastral boundaries. Those fences can be easily
detected with radar.
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Surprising results

Tests showed that the feature extraction of these
fences can be realized with a high planimetric
accuracy of up to 20 cm in the P-Band imagery
(Figure 2), which meets the requirements for
support in land administration in many developing
countries. This surprisingly result can be achieved
because the horizontal wires of the wire fences
act like small antennas for the horizontal polarized
P-Band radiation. With the presence of the ground
we have the effect of the so called double-bounce
of the wave back to the radar. Due to this effect the
signal of all horizontal wires of the fence sum up and
the fence appears in the image as one line only with
its origin at the vertical projection of the fence on
the ground. Figure 3 shows an example of a P-Band
image with a fence network in a deforested area.
Beside the fences, other important features can
be extracted, like forest, road, construction, single
trees and animals.

Figure 2: Planimetric accuracy for fence detection
in P band imagery — the fence can be projected to
the surface of the earth.

Figure 3: P-Band Image of
rural area. Many of the line
shaped features are cadastral
boundaries.
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Application

The radar imagery can be applied for integral
cadastral boundary detection. Mostly those
boundaries are visible features - defined by roads,
vegetation, rivers, fences and constructions in a
very efficient way. Even rivers covered by vegetation
can be extracted. Figure 4 shows an example of
an area in Brazil, including orthoimages X, P, X/P
colour, and extracted boundaries overlaid to P-band
image (from left to right). Additionally, digital
terrain and/or surface models can be provided by
applying interferometric flights to obtain altimetric
information for contour lines generation and
drainage networks, including 3D simulations. This
information is not only useful for supporting the
land administration but also the rural development,
infrastructure projects, forest certification and
rural environmental cadastre, risk mapping, area
preservation, land us mapping, and topographic
mapping, among many other applications.

Change detection

For change detection the radar imagery has another
big advantage, which is the constant illumination
between different flights. This allows, on the
contrary to optical imagery, systematic comparisons
of the images supported by image processing
software. Changes in the land use can be detected
automatically, as well as in any type of construction.
This provides the option to reconstruct “replaced”
cadastral boundaries.
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Figure 4: Example of boundary extracting from radar imagery.

Experience in Brazil

Two technological viability projects, one close to
the hydropower station of Belo Monte and one
in the district of Sdo José dos Campos already
demonstrated the applicability of this approach.

The planimetric accuracy was measured with
differential GPS at both sites. Wire fences presented
an RMSE error of around 20 cm and water boundaries
of around 1 m. The radar survey will not completely
substitute the ground survey, but it allows the
general definition of the ground boundaries and
their vectorization before going to the field.

In Brazil, for example, the interview with the ground
owner, the review of the ground boundaries and the
demarking must be carried out by the ground survey.
The radar could reduce from 3 to 5 times the effort
and execution time of the conventional field work.

Fit-For-Purpose

Agencies in Brazil and Latin America never
considered remote sensing for the development
of land administration. Actual governmental
regulations do even not allow it without performing
a complete ground survey. Radar survey accelerates
such ground survey and serves as a control method.
In Fit-For-Purpose approaches the Radar imagery
is considered to be as sufficient in order to collect
cadastral boundary data fast, quick and cheap. It
means that the printed imagery can be taken to
the field to compare the automatically extracted
features with the real cadastral boundaries. Those
boundaries can be marked with pen on top of the
image. Back in office the polygons for spatial units
(parcels) can be easily identified and included with
expected accuracy.
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Abstract

Satellite-based vegetation maps are anincreasingly common source of information for natural resource
planning, but the utility of these products is unclear without an understanding of their limitations.
Nearest neighbor imputation methods for mapping forest attributes across broad geographic areas
have beenemployed extensively, motivating researchinto uncertainties associated withimputed maps.
While uncertainties can be quantified in a variety of ways, non-parametric bootstrapping has emerged
as a potential alternative to parametric methodologies, especially when plots are directly imputed to
pixels (i.e., k-nearest neighborwith k=1). However, bootstrapping methods for examining uncertainties
in imputations for large regions requires substantial computational power and data storage, limiting
the usefulness of bootstrapping for assessing uncertainties over the large areas required for regional
planning and monitoring activities. In this research, we describe a new approximation for a non-
parametric bootstrapping approach for kNN with k = 1 methods (hereafter, bootstrap approximation).
Our objectives were to (1) assess the capacity of the bootstrap approximation method to reproduce
results based on non-parametric bootstrapping and (2) examine regional variation in imputation
uncertainties in forest attributes in landscapes of California, Oregon, and Washington, USA. We
performed k-NN with k = 1 imputation mapping with 4000 bootstrap samples of field plot data and
generated several metrics of prediction uncertainty and central tendency. In contrast, our bootstrap
approximation was based on a weighted sample of the seven nearest neighbors in environmental
and Landsat spectral space. Our results indicate that the bootstrap approximation are essentially
equivalent with results produced by non-parametric bootstrapping for measures of central tendency
(means and medians), presence of structural elements (e.g., attribute greater than zero), and measures
of precision (width of confidence intervals), with coefficients of determination () ranging from 0.996
to 1.000. Using our bootstrap approximation, we found that spatial variation in climate, ownership,
and disturbance history explained geospatial patterns in predicted forest attributes as well as the
variability in the imputation process. The bootstrap approximation presented in this research provides
a useful new tool for examining the limitations of kNN with k = 1 imputation, informing both scientists
and managers of the limitations of consequent vegetation mapping products.
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Abstract

Land cover classification in tropical regions is challenging because of the dynamics of land cover
change, persistent cloud cover, and presence of small patches. Due to its location and topography,
Colombia has different physical conditions which favors the formation of cloud cover almost over the
full extent of the country. This complexity is more pronounced to the west because of the interaction
of the humid currents of the Pacific Ocean and the Andes mountains. Northwest Colombia, is an
interesting region due to its forest and biodiversity, but those natural resources have been affected by
drivers of forest loss, mainly cattle grazing and agricultural activities. Itis estimated that 70% of native
forest has been subject to land cover change in the last 40 years.

The main objective of this work was to assess the ability of radar data in separating land cover classes,
and the potential of optical and radar combination for improving classification accuracy in a region of
high cloud content in northwest Colombia. Landsat 5 and Phase Array L-Band SAR (PALSAR) were
used as input data. Jeffries-Matusita (JM) distance was used as a separability measure for the analysis.
In order to perform the classification of satellite images, we used maximum likelihood classification
algorithm for optical data and Wishart Supervised Classification for radar data. High resolution images,
aerial photographs and field information were used as reference data for training and validation.

A total of 22 classes were evaluated using JM analysis: 3 crops classes, 15 vegetation cover classes
(including different forests types and typical wetland vegetation), 3 pastures classes and 1 urban
class. The JM distance ranges from o to 2, being o the value for low separable classes and 2 the value
for high separable classes. It was found that higher JM values were obtained for optical and radar
combination, with a mean value of 1.94 JM distance for all classes. Optical data presented a mean value
of 1.90 JM distance and radar data presented a mean value of 1.16. Additionally, accuracy assessment
was performed using error matrix method. Optical, radar, and the combination of optical and radar
resulted in different overall accuracies: 75%, 50% and 76% respectively. The combination of optical
and radar not only has the best accuracy, it also reduces optical invalid data due to cloud content. The
classification problems were evaluated, focused on determining the causes of error, and identifying
techniques to improve results in areas of high cloud content.
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Abstract

Introduction

Full-waveform LiDAR is a promising technique to analyze vertical structure of forest stands., and
derived metrics provide better forest structure and fuel variables estimates than using discrete
LiDAR (Hermosilla et al., 2014; Cao et al., 2014). However, full-waveform derived metrics are more
sensitive to side-lap effects during data acquisition than discrete LiDAR and data are usually subject to
voxelization processes in which some methodological parameters, such as voxel size and voxel value
assigning criteria, affect the final forest structure models (Crespo-Peremarch et al., 2016).

The objectives of this work are: (i) to assess the effect of two full-waveform parameters, voxel size
and voxel value assigning method, on the estimation of forest structure and fuel variables; (ii) to
compare these methodological parameters in two different types of forest areas, Mediterranean and
temperate US Pacific Northwest; and (iii) to explore the full-waveform LiDAR data side-lap effect on

the derived metrics.

Data and methods

Full-waveform LiDAR data were acquired in a
temperate US Pacific Northwest forest in Panther
Creek, Oregon, and in a Mediterranean forest
located in Sierra de Espadan (Spain), using a
Leica ALS60 and a LiteMapper 6800, resulting in
pulse densities of >8m and >11m™, respectively.
Inventory field measurements were collected in
84 circular plots (26m radius) in Panther Creek,
and in 55 circular plots (15m radius) in Espadan. In
the first area, the dominant species is Douglas-fir
(Pseudotsuga menziesii), occasionally mixed with
other conifers, such as western hemlock (Tsuga
heterophylla), western red cedar (Thuja plicata) and
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grand fir (Abies grandis), or deciduous species such
as red alder (Alnus rubra) and bigleaf maple (Acer
macrophyllum). In the second area, the dominant
forest species is Pinus halepensis, occasionally mixed
with Quercus suber, with the common presence of
understory shrub vegetation. LIDAR metrics were
extracted as described by Duong (2010) and Cao et
al. (2014) after a voxelization process (Hermosilla
et al., 2014). They were used to create regression
models for six forest structure and fuel variables
in both areas (aboveground biomass, basal area,
quadratic mean diameter, canopy height, canopy
base height and canopy fuel load). Four voxel sizes
(0.25m, 0.5m, 2m and 2m), and six different types of
voxel assigning methods (maximum, mean, median,
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mode, percentiles 9o and g5) were tested, computing
the adjusted coefficient of determination R2 and
root-mean-square error (RMSE) and using leave-
one-out cross-validation for evaluation. The effect
of LiDAR density variations within and around side-
lap areas was also analyzed using pairwise samples
in the Panther Creek study site.

Results

When small voxel sizes are used (0.25m and even
0.5m), there are very few waves contained in each
individual voxel, and the different voxel assignation
methods yield very similar R? results. Voxel sizes
near o.5 m are, in general, the most efficient in
generating accurate models. Using voxels sizes
over 1m increases the influence of the voxel value
assigning method. Maximum and high percentiles
(95%) are usually the most efficient assigning criteria.
Table 1 shows, as an example, the R? values of the
aboveground biomass when these methodological
parameters are varied.

The R? of forest structure variables related to height,
such as canopy height and canopy base height, are
not significantly affected by the voxel size and voxel
value assigning criteria tested. In these cases, the
influence of the values of internal voxels is negligible.
This suggests that the use of full-waveform LiDAR
does not increase the accuracy of these height
variables models in comparison to the use of discrete
LiDAR. Results obtained in both areas are consistent,
some differences are found probably due to the

presence of different species and canopy types.

Regarding the side-lap effect, metrics such as
number of peaks of the wave (NP), roughness of
outermost canopy (ROUGH) and front slope angle
(FS) are the most affected by density differences.
Using the mean value as voxel assigning method
reduces this effect. Metrics height of median
energy (HOME), height to median ratio (HTMR) and
waveform distance (WD) are the most efficient and
robust in modeling forest structure attributes.

Main conclusions

When using full-waveform LiDAR data for modeling
forest structure variables following a voxelization
process, voxel size should be chosen based on the
density of LIDAR data by ensuring the presence of
waves within the voxels but avoiding an overload of
values. For medium pulse densities (8-12 m™), voxel
sizes around 0.5 m are recommended. Assigning the
maximum wave value to each voxel, the negative
effect of increasing the pixel size is reduced. Some
full-waveform derived metrics are more efficient
and less affected by density differences than others,
especially when side-lap effect exists. This fact
should be considered when creating the models, by
employing those metrics less affected. Voxel value
assigning criteria should be selected attending to
the voxel size and the heterogeneity of the LiDAR
point density in the study area. Further work will be
focused in density homogeneization techniques to
avoid side-lap effect.

Table 1. R? values of the forest stand variable Aboveground biomass when modifying the full-waveform
methodological parameters voxel size (0.25, 0.5, 1 and 2m) and voxel assigning methods
(maximum, mean, median, mode, pgo and pgs) in the two study areas.

Aboveground biomass

Panther Creek Espadan

0.25m  0.5m im 2m  0.2gm  0.5m im 2m
Maximum 0,84 0,85 0,85 0,84 0,79 0,79 0,79 0,80
Mean 0,84 0,84 0,84 0,83 0,79 0,79 0,78 0,76
Median 0,84 0,84 0,83 0,82 0.78 0,79 0,77 0,72
Mode 0,84 0,82 0,82 0,82 0,79 0,79 0,75 0,69
p9o 0,84 0,85 0,84 0,84 0,79 0,79 0,78 0,78
P95 0,84 0,85 0,85 0,84 0,78 0,79 0,79 0,78
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Analyzing the Lorenz Curve of Tree Growth Dominance with
Multi-temporal Airborne Lidar in Wytham Forest (UK)
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Abstract

Growth dominance curves are employed to study the relative shares of the total growth accounted
for each tree in the forest community (Binkley, 2004). These relations can be used to define patterns
of tree competition: symmetric or asymmetric (Pretzsch & Biber, 2010). Growth dominance curves
are one specific type of Lorenz curve, and therefore their associated growth dominance coefficient is
also a particular type of Gini coefficient (GC). Relations of tree size inequality are determined by these
patterns of competition, and hence the GC can be valuable to study asymmetric competition (Cordon-
nier & Kunstler, 2015). After a concentrating our research on static studies applying the Lorenz curve
and derived indicators and determining the means for predicting them with airborne Lidar (Valbuena
et al., 2013), our research objectives are now on the study of growth dominance using multi-temporal
datasets. We studied the growth dominance curves that should correspond to predictions by the me-
tabolic scaling theory (MST) of tree growth (Enquist et al. 1999), which provides grounds for predic-
ting structure and dynamics of an average idealized natural forest. Empirical divergences from MST
predictions have been, however, considered to be caused by forest disturbance, asymmetric competi-
tion among trees in the forest community, and the allocation of different types of resources (Coomes,
2012). Lidar is a valuable tool in order to investigate the relations of competitive dominance among
trees in the forest community, since it allows to model the light environment, and investigate forest
structure and disturbance.

Our research was structured in two phases. The first phase consisted in a deductive approach to de-
termine mathematically the growth dominance curve that corresponds to MST predictions, and the-
refore determine a scenario of pure symmetric competition. Empirical divergences from that ideal
situation were analysed in a second inductive phase, which consisted in quantifying these divergences
and predicting them using standard area-based Lidar approaches. This second phase was carried out
at the Wytham Woods, Oxfordshire (UK), a woodland comprised mainly of ash, oak and sycamore
trees, for which were obtained detailed data measured in 2008 and 2010. We calculated wall-to-wall
growth dominance coefficients over an 18-hectare plot, and estimated them using airborne Lidar. The
underlying envisaged goal is to enable the use of Lidar for determining whether symmetric or asym-
metric competition processes apply to a given area of forest.
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Change detection techniques for development of compatible
height growth and site index models using repeated Airborne
Laser Scanning Data
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Abstract

Forest site productivity, which is a quantitative estimate of the potential of a site to produce
plant biomass remains a fundamental variable in forestry (Bontemps and Bouriaud, 2013;
Skovsgaard and Vanclay, 2008). The most commonly used and widely accepted method of
evaluating site productivity is site index (Bontemps and Bouriaud, 2013; Coops et al., 2011;
Hagglund and Lundmark, 1977; Sharma et al., 2012; Skovsgaard and Vanclay, 2008). Therefore
the construction of site index models remains a fundamental task for site productivity
differentiation (Cieszewski and Strub, 2007; Mathiasen et al., 2006; Sharma et al., 2011).

To date three main data sources were used for site index model development: 1) PSP -
repeated measurements on permanent sample plots (PSP); 2) Temporary Sample Plots
data (TSP) from periodic inventories that usually cover most of the forested areas of a given
territory (Raulier et al., 2003); 3) Stem analysis (SA) data. SA deduces past height growth from
growth ring observations made on dissected sample trees.

Recently, a number of remote sensing technologies have emerged that offer alternative
approaches for forest inventories, with potential of improving the accuracy and precision of
stand-based measurements while reducing data acquisition cost (Hilker et al., 2008). Laser
scanning of forest stands provides the mean canopy height of dominant and codominant
trees. Hyyppa et al. (2003) demonstrated that multi-temporal ALS data could be used to
measure forest growth and the standard error when estimating height growth at stand
level was less than 5 cm. St-Onge and Vepakomma (2004) used ALS with the density data
acquired in 1998 and 2003 to detect tree growth within a 6.8 ha study site in Québec, Canada.
Hopkinson et al. (2008) evaluated the estimation of plot level mean tree height growth
using four ALS acquisitions of a pine plantation in Toronto and found that the 100th height
percentile provided the most robust overall direct estimate of field measured forest growth,
and demonstrated that there was no statistically significant difference between all plot-level
field and Lmax ALS mean growth rate estimates. Yu et al. (2004) provided an assessment of
Norway spruce (Picea abies (L.) Karst.) and Scots pine (Pinus sylvestris L.) canopy growth
from two lidar acquisitions 212 months apart. Precision of plot-level growth estimated by
differences in raster canopy height models (CHMs) was of 10 to 15 cm. Repeated LiDAR
observations enable measurement of tree and stand height growth over time ((Hopkinson
et al., 2008; Yu et al., 2006)Yu et al. 2006, 2008; Naesset and Nelson 2007). However, to date,
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repeated LIDAR height measurements data have not been used in modelling height growth
and site index models development, and as it was stated by Coops in recent review concerning
Characterizing of Forest Growth and Productivity using Remotely Sensed Data (Coops, 2015)
considerable researchis required to determine the appropriate design of repeat LIDAR surveys
for measurement of tree height growth. In his detailed review Coops (Coops, 2015) indicated
also need to better understand the amount of time needed for sufficient growth to excess
noise and other uncertainties within LIDAR systems. Presented research is the example of
successful attempt of answer for both above mentioned questions.

The objective of this research is to describe the new application for change detection using
airborne laser scanners and present the procedure for the development of compatible height
growth-siteindexmodelsusingrepeated ALS data. We showed how wall-to-walllight detection
and ranging (LiDAR) data obtained for large forest area exceeding 70 thousand ha could be
used in development site index model, which appropriately reflects unique region and site-
specific growth trajectories. LIDAR measurements may be biased as a result of several factors,
including instrument specifications, flying height, species architecture, and the measurement
method used (Wulder et al., 2008. We hypothesized that in spite of possible errors observed
in case of single area units (raster plots), that can range from a few centimetres up to a few
meters (e.g., Aldred and Bonnor 1985, Chen and Ni 1993, Ritchie 1995, Latypov 2002, (Yu et
al., 2006)) repeated complete LIDAR coverage on large areas should give unbiased mean
height growth trend and increment estimates and therefore may be recognised as new fully
valuable data source for stand height development modelling. Developed using repeated ALS
data compatible height growth and site index models were validated using independent data
sets consisting 156 height growth trajectories obtained by stem analysis of dominant trees
collected on the research area.

To the best of our knowledge, out study constitutes the first practical application of change

detection by airborne laser scanners for the development of compatible height growth - site
index models using repeated ALS data.
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Combining remote sensing and dendrochronology to assess
the effect of groundwater extraction on Prosopis tamarugo:
from tree to aquifer level
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Abstract

Groundwater dependent ecosystems are sensitive to changes in groundwater availability, and
therefore, threatened by desertification as a consequence of global warming. In this study, we
combined remote sensing and dendrochronology to assess drought stress on Prosopis tamarugo
Phil, endemic to the Atacama Desert in Northern Chile. This unique ecosystem is threatened by
groundwater (GW) overexploitation due to mining and urban consumption. We first performed a
spatio-temporal assessment of Tamarugos’ water condition for the whole Pampa del Tamarugal
aquifer (comprising the Tamarugo ecosystem) using two NDVI (Normalized Difference Vegetation
Index) -derived parameters: NDVI in winter (NDVIw) and the difference between NDVI in summer
and winter (NDVIws). These were calculated using Landsat satellite imagery. Based on this aquifer
level assessment, we selected two representative sites (control versus high-depletion site) to perform
more detailed remote sensing based estimations of canopy growth and water condition at the stand
level, and tree-ring based analysis of stem growth on both the stand and tree level. Also at the tree
level the Green Canopy Fraction (GCF), obtained from a Worldview2 image was used as an indicator
of the canopy greenness.

Radial stem growth was determined for the same period after cross-correlating the tree rings per site.
Time-series analysis was done over a period of 26 years and both NDVI-derived parameters showed
significant negative trends in the high-depletion site, indicating drought stress. Radial stem growth
of viable P. tamarugo trees was 48% lower in the high-depletion site. At the tree level, the GCF also
indicated drought stress since a larger percentage of trees fell within lower GCF classes.

On the aquifer level, NDVIw and NDVIws of the P. tamarugo forest declined on average 19% and
51%, respectively, while GW depleted on average 3 m over the period 1988-2013. About 730,000
trees were identified in the study area, from which 5.2% showed a GCF < 0.25 associated with severe
drought stress. A GW level > 12 m increasingly limited the paraheliotropic leaf movement, leading
to dehydration and foliage loss. This is in line with the indications at plot level for both remote
sensing as well as radial stem growth. Overall we can conclude that P. tamarugo trees at 12-16 m GW
level suffered moderate drought stress while a GW level of 16-20 m implied severe drought stress.
Combining dendrochronology and remote sensing allows us to understand the effects of drought
stress on two different carbon pools (crown and stem, respectively), providing more insights on the
physiological response of the species to drought and on potential management actions to minimize
the impacts of water extraction.
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Comparison of forest canopy point-measurement methods
from above and below

Jaan Liira, Marta Méistus, Kertu Lohmus

In remote-sensing, mayor effort has been paid to the estimation of LAl and canopy height of the stand
overstory to quantify the timber volume and carbon storage. Many forest ecosystems in the World,
however, consist of multiple layers in understory, which play as important or even more important role
in provision of ecosystem services and human welfare than just the first layer of trees. Understory is
widely ignored in remote sensing because of various reasons, but in conditions of increasing quantity
of remote sensing sources and methods, the methodological differences should be estimated. We
compared different areal LIDAR and ground-based methods to evaluate the estimation bias of canopy
density between them. We capitalized on understory management gradient from mature forest to
old parks, that to avoid stand growth related side effects. We observed that all methods suffer from
the hiding effect of distant layers in multi-layered stands. Therefore, more elaborated or complex
measured should be implemented to reduce the stand characterization bias, including overall carbon
storage or biodiversity.
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Generation of a Landsat image mosaic over the
Amazon rainforest

Jasper Van doninck, Hanna Tuomisto
Amazon Research Team, Department of Biology, University of Turku, Finland
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Although Amazonian forests may at first sight seem one homogenous mass, field surveys have revealed
highfloristic heterogeneity, even over short distances. The combination of this high local-scale variability
with the enormous extent of the Amazon forest makes satellite remote sensing an indispensable tool
in Amazonian biodiversity monitoring. Landsat imagery offers the desired combination between
high spatial resolution and basin-wide coverage, but the use of this dataset over Amazonian forests is
hampered by some practical issues. A first obvious problem is the persistent cloud cover over tropical
forests. Consequently, only an extremely small fraction of the available Landsat images over Amazonian
forests are entirely cloud-free, and per-pixel multi-temporal image compositing is a necessity in order
to obtain a basin-wide mosaic. In case multiple cloud-free observations are available for a pixel, the
choice of the compositing may influence the radiometric consistency of the final mosaic. A second issue
is the large spectral similarity between floristically distinct forest types. Because of this, even small
radiometric artefacts can impede image interpretation or classification. One of these artefacts is an
across-track reflectance gradient, caused by the bidirectional reflectance distribution function (BRDF).
Failure to remove directional effects will result in clearly discernible edges between adjacent Landsat
scenes in a larger mosaic.

We here present a preprocessing chain for generating a radiometrically consistent Landsat TM/
ETM+ image mosaic. First, atmospherically corrected surface reflectance products are corrected for
directional effects using the Ross-Li BRDF model calibrated with multi-angular Landsat observations.
The directional normalization is validated using the overlap area of Landsat images in adjacent paths.
The validation shows that directional effects over Amazonian forest can cause surface reflectance
differences up to 4% in the near-infrared band over the Landsat swath, but that these are eliminated
after normalization. In a second step, multi-temporal Landsat images are combined in a per-pixel image
compositing. It is shown that, depending on the used compositing method, radiometric consistency of
the composite image may improve drastically with an increasing availability of clear observations. The
resulting image mosaic reveals clear floristic and geological patterns within Amazonia at both the local
and the basin-wide scale.
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Detection of Dead Standing Eucalyptus for managing
biodiversity using full-waveform LiDAR data

Milto Miltiadou>*3, Neill D.F. Campbell?, Matthew Brown?*, Susana Gonzalez
AraciB, Tony Brown*, Darren Cosker*and Michael Grant?

The Centre for Digital Entertainment, University of Bath, Bath, UK
2Remote Sensing Group, Plymouth Marine Laboratory, Plymouth, UK
3Interpine Group Ltd, Rotorua, NZ
+Forestry Corporation of NSW, Wauchope, Australia

Keywords: full-waveform LiDAR data, voxelisation, biodiversity, dead trees

The value of dead standing Eucalyptus Camaldulensis (Red Gum) from a biodiversity management
perspective is large. In Australia, many arboreal mammals and birds, of which some of them are close
to extinct, inhabit hollow trees (Lindenmayer, 2002). Studies have shown in some forests there is likely
to be a shortage of hollows available for colonisation. (Goldingay, 2009) (Gibbons and Lindenmayer,
2010). Dead standing Eucalyptuses are more likely to be aged and have hollows, therefore automated
detection of them plays a significant role in protecting those animals.

The full-waveform (FW) LiDAR data used for this project are supplied by RPS Australia East Pty Ltd and
they were collected in March 2015 using the Trimble AX60 Airborne LiDAR sensor. In addition, the field
plots used for the classifications are provided by Forestry Corporation of NSW and contain around 1000
Eucalyptuses of which 10% are dead.

The standard method of using the higher resolution of full-waveform LIDAR would be to generate and
extracta denser point cloud (Neuenschwander, 2009) (Reitberger, 2006). While this identifies significant
features as points, the full waveform data also contains information in single shots that may be below
the significance threshold. These data can be accumulated from multiple shots into a voxelised volume,
e.g. Persson et al, 2005, who used voxelisation to visualise the waveforms. We have implemented and
improved on the voxelisation approach in DASOS, an open source software for managing FW LiDAR
data (Miltiadou et al, 2015). DASOS further normalises the intensities so that equal pulse length exists
inside each voxel, making intensities more meaningful and it exports forestry metrics (i.e. intensity
distribution and height differences within a radius relevant to canopy heights) into a single vector for
fast interpretation in advanced statistical tools like R and Matlab.

Addressing the dead Eucalyptus case, we have generated 3D priors characterizing dead standing
Eucalyptuses. These 3D dead standing tree priors are run over the voxelised FW LiDAR data using the
Random Forest and the Nearest Neighbour algorithms in order to detect the locations of candidate
trees. A comparison between the LiDAR point cloud and the voxelised FW LiDAR data is further
performed to demonstrate the increased survey accuracy obtained with the voxelisation.
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Detection of dead trees by machine learning techniques in
temperate forests of the Bavarian Forest National Park

Peter Krzystek, Przemyslaw Polewski

Dept. Of Geoinformatics, Munich University of Applied Sciences, 80333 Munich, Germany Keywords:
Dead tree, machine lerrning, segmentation, classification The study highlights experiments conducted
in the Bavarian Forest National Park for the areawide extraction of standing and fallen trees from ALS
LiDAR data and aerial imagery. Full waveform LiDAR data were captured in leaf-on situation with
the Riegl LMS Q-860i scanner at a point density of 30 points/m*. Multispectral airborne data were
acquired with the DMC camera at a GSD of 20 cm. ALS 3D points clouds were obtained by a waveform
decomposition using a sum of Gaussian functions. Clusters for single standing trees are found by a
wall-towall technique for single 3D segmentation in advance. Single dead tree trunks without a crown
known as snags are captured just using the segmented tree point cloud. A MSAC-based line fitting
preselects the best samples which are subsequently classified by kernelized logistic regression using
free shape contexts (FSC) as features. FSCs are 3D shape descriptors which quantify the distribution of
points around the principal axis. Standing dead trees with existing crowns are identified from images
with green, blue and infrared channels as spectral bands. The 3D clusters from the tree segmentation
are used at object level to find the corresponding enclosing polygon in the image. The means of the 3
channels and 6 independent elements of the 3x3 channel covariance matrix are used in the kernelized
logistic regression to classify the dead trees. For both types of dead trees a training set of 100 samples
is selected. The two methods are combined with a novel active and supervised learning technique to
achieve best classification results at a minimum of training costs. The active learning using a Renyi
entropy reqularized expected errorreduction (EER) achieves 9o % of the final classification performance
using around 60 % of the number of queries required by standard EER. If the full training set is used the
overall accuracy of the dead tree detection is 87 % and 88 %, resp. Finally, a new approach for fallen
dead trees detection is based on the idea to first segment the fallen stems in parts and to subsequently
combine them into the entire stems. First, potential stem points are identified using point descriptors
known from computer vision and a logistic regression. Then, features are calculated from the stem
points by shape descriptors and are utilized in a logistic regression to estimate potential stem
segments. To this end, the segments are merged to entire stems by a normalized cut segmentation
whose control parameters and classifier-based stopping criterion are learned from a simulated virtual
fallen tree scenario. In case of beeches, the correctness and completeness of the method amounts at
average to 85 % and 79 %, resp. For spruces we end up at 86 % and 57 %.

The paper demonstrates that techniques from machine learning and computer vision are the key to
an object-based segmentation and classification of forest parameters. The presented methods have
been successfully applied to map dead trees on a large scale forest area (ca. 300 km?).
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Development of an energy balance model for estimating
canopy stomatal conductance from airborne thermal data
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Declining tree health is a concern due to the impact
of climate change and tree diseases that have
profound impacts on commercial activities and the
ecological quality of the ecosystems. In this context,
the early detection of signs of physiological stress
in trees becomes increasingly important in order to
plan management interventions. Forest monitoring
over large areas is labour intensive in the field and
earth observation is frequently restricted to the
detection of late-stage visible symptoms. However,
sensors have the potential to early detect some
subtle changes in leaf biochemistry and the other
processes linked to the physiological activity of the
foliage. One of those processes is the alterations in
stomata activity.

For many years, scores of researchers have used
thermal sensors to measure temperature differences
usedasa proxy of constrained stomatal conductance.
Stomatal closure is influenced by the water
condition of the plant, modifying energy dissipation
as heat. Therefore, a reduce rate of gas exchange
of the foliage can be detected as increasing canopy
temperatures.  Nevertheless, this methodology
is constrained by to the lack of sensors at higher
spatial resolutions (<1-2 m), the aggregation of
combined thermal responses (shadows, ground
features and other plant constituent elements) and
the air boundary layer above the foliage. All these
elements combined increase the noise to signal ratio
for an effective detection of thermal differences that
can be associated to stomata activity.

This work has reformulated the energy balance
model primarily suggested by Blonquist et al (2009)
that now estimates canopy stomatal conductance
by using a series of standard meteorological and
airborne thermal data. The model calculates canopy

stomatal conductance (gC, mol m-2 ground area
s-1) from canopy temperature, air temperature,
barometric pressure, relative humidity, net
radiation, wind speed and plant canopy height.
Canopy temperature has been measured using a
thermal sensor on a plane platform in a study area
in the Trossachs and Ben Lomond National Park of
Scotland. Measurements took place at the time
of maximum stomata activity at 10 a.m. in May,
July and September and calibrated with field data.
Wind speed has been calculated using reference
anemometers and the airflow model WASP.
The meteorological variables (air temperature,
barometric pressure and relative humidity) have
been measured in two stations in the field closed to
the monitoring plots used as validation. Vegetation
height was extracted fromairborne LiDAR. Incoming
shortwave radiation at the top of the canopy has
been calculated as a function of latitude, elevation,
slope and aspect, monthly air temperature, relative
humidity and total precipitation to calculate the
solar radiation first at the top of the atmosphere,
then corrected it for atmospheric conditions and
finally corrected it for topographic exposure and
inclination. Net assimilation has been estimated
from incoming solar radiation and a constant value
obtained from the literature.

The model has been implemented in QGIS using a
combination of C++ and Phython. This development
has been part of the EU-funded project Thermolidar.

The outputs of the model were validated against field
measurements by measuring stomatal conductance
on a number of trees at the time of thermal data
collection. The canopy of each sample tree was
divided in several layers (approximately three levels)
and at least four samples (two sunlit and two shaded
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branches). In each, leaf stomatal conductance was
measured using an infrared gas analyser (IRGA,
LiCOR 6400). The results showed the potential of
this methodology for creating thematic cartography
showing the distribution of stomatal conductance
across a forested area. More work is being underway
at the time of the submission of this abstract that
will be presented during the conference.
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Development of precision forestry applications for New
Zealand plantations using remotely sensed datasets

Michael S Watt*, Jonathan P Dash?, Grant Pearse?, David Pont?, Heidi Dungey?, Mark Kimberley?, Marie Heaphy*

*Scion, PO Box 29237, Fendalton, Christchurch, New Zealand
2Scion, PO Box 3020, Rotorua, New Zealand

Keywords: ALS; light detection and ranging; Pinus radiata; radiata pine; stocking

Precision forestry is the deployment of high resolu-
tion remotely sensed data to support decision ma-
king. Remotely sensed information is now at a cost
and availability that allows precision forestry to be-
come a reality within New Zealand plantations. Im-
plementation of precision forestry will provide the
necessary information for managers to make deci-
sions that optimise plantation growth and value at
a fine (sub-stand to stand) scale across broad spatial
extent. The objective of this research is to describe
current and potential precision forestry applications
within New Zealand plantations.

Using LiDAR and satellite imagery as input data the
following precision forestry applications are likely
to be implemented within New Zealand plantation
forestry operations over the next decade:

e Spatial optimisation of final crop stand density
using a model based on the productivity indices
Site Index and 300 Index, which in turn are
derived from remotely sensed information (GIS
layers, satellite imagery; LiDAR)

e Characterisation of weed competition in young
plantation stands, using multispectral data
(acquired from satellite imagery or UAV’s) to
guide decision making around weed control
using aerially applied herbicides

e Regional monitoring of key needle cast diseases
at a fine scale using satellite imagery allowing
targeted disease control measures

e Area based phenotyping where LiDAR data can
be used spatially quantify genetic gain. This
information can be used to precisely identity

the optimal location of individual genotypes
throughout a forestry estate to optimise growth,
disease resistance and wood quality

e Determination of plantation areas where fertiliser
application s likely to result in the highest growth
gains, based on estimates of predicted leaf area
index derived from LiDAR

At the time of writing a model describing spatial
optimisation of final crop density has been developed
and is currently being operationalised using remotely
sensed data as input. Remotely sensed multispectral
imagery has been successfully used to characterise
weed competition and the disease red needle cast
(second and third listed applications). Research
assessing the utility of area based phenotyping across
a major plantation estate is currently underway
and expected to be completed within a year. LIDAR
data has been successfully used to describe leaf area
index and the utility of this layer for predicting areas
where fertilisation will be most effective is currently
being assessed across a major plantation estate. This
research will be completed within a year.

Datasets that support precision forestry are
becoming increasingly affordable within New
Zealand. Free regional LiDAR datasets are available
within New Zealand and the cost of airborne LiDAR
has over recent years declined to a level that makes
acquisition cost effective for most major plantation
growers. Recent satellite launches (e.g. Sentinel 2)
that provide freely available imagery on a regular
basis are also providing a useful source of information
for precision forestry applications.
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Estimating the regional resource supply of forests in south-
west Germany for a future lignocellulose-based bioeconomy
using airborne LIDAR, Landsat 7 and National Forest
Inventory data

Joachim Maack®, Marcus Lingenfelder?, Thomas Smaltschinski?, Dirk Jaeger?, Barbara Koch*

*University of Freiburg, Chair of Remote Sensing and Landscape Information Systems (FeLis), Germany
2University of Freiburg, Chair of Forest Operations, Germany
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Abstract

Inthe endeavour to move towards sustainable development, one essential goal is to replace fossil-fuel-
based materials with bio-based products derived from algae, crops and wood. There is a strong interest
in estimating biomass or timber volume because to assess the prospects of a future bioeconomy it
is important to calculate the potential supply of resources. Remote sensing-based timber volume
estimation is essential to modelling the regional potential, accessibility and price of lignocellulosic
raw material for an emerging bioeconomy. We used a unique wall-to-wall airborne LiDAR dataset and
Landsat 7 satellite images in combination with terrestrial inventory data derived from the German
National Forest Inventory (NFI), and applied generalized additive models (GAM) to estimate spatially
explicit timber distribution and volume in the federal state of Baden-Wirttemberg (~35000 km?).
The NFI data showed an underlying structure regarding size and ownership of the different wooded
areas that reflect various management impacts in terms of cultivation, timber stocks and logging. We
further correlated the estimated timber volume with the annual regional timber harvest for different
forest sizes and ownership classes to analyze the regional economic potential. In the final step we
will propose optimized locations for possible biomass conversion plants with varying catchment areas
using routing-enabled infrastructure data. As it is still largely unknown which size, throughput and
resource demand a conversion-plant will feature, we developed an adaptive workflow that allows
for future adjustments of the approach. The results demonstrate the usefulness of remote sensing
techniques for mapping timber volume towards a future lignocellulose-based bioeconomy.
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Estimation of canopy cover in hemi-boreal broad-leaved
forests in Estonia using hemispherical photography
and lidar data
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Introduction & aim

Estonia has a country-wide regular airborne laser
scanning cycle and with two years the whole country
is covered with lidar data. By the end of 2015 the
whole country had a repetitive layer of airborne lidar
coverage. As approximately 50% of land in Estonia
is covered with forests, then the understanding
and application of lidar data in practical forest
management is essential.

The aim of the study was to estimate canopy cover
(CC) in dense broadleaved hemi-boreal forests in
Estonia using airborne lidar data. The estimates
were validated by using hemispherical photos for
validation data. CCis a key parameter for estimating
standing volume, biomass and leaf area index. We
tested different height breaks up to living crown
base height and first or all reflections for calculating
CCusing ALS.

Materials and methods

The test site is located in south-eastern part of
Estonia, near Laeva (Figure 1). The test site was
15x15 km and mostly covered (>50%) with broad-

leaved forests (Appendix 1), mainly dominated by
Silver birch (Betula pendula Roth), Norway spruce
(Picea Abies L.), Trembling aspen (Populus tremula
L.) and Black Alder (Alnus Glutinosa L.). The forests
are mostly multi-layered with Norway spruce in the
second layer.
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Figure 1. Test site location.
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Forest-Observation-System.net — towards global reference
database for forest biomass

Dmitry Schepaschenko (IIASA, Laxenburg, Austria), Jerome Chave (CNRS, Toulouse, France), Oliver L. Phillips (University
of Leeds, UK), Stuart J. Davies (STRI, Washington, USA), Steffen Fritz (IIASA, Laxenburg, Austria), Christoph Perger
(IIASA, Laxenburg, Austria), Christopher Dresel (IIASA, Laxenburg, Austria), Simon Lewis (University of Leeds, UK), Klaus
Scipal (ESA, Netherlands)
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The Forest Observation System (FOS) is an
international cooperation implemented at the
initiative of the ESA BIOMASS mission, to establish
and maintain a global in-situ forest biomass
database to support earth observation and to
encourage investment in relevant field-based
science. It is designed to be able eventually fulfil the
ground data requirements for algorithm training and
validation of spaceborne forest related missions, i.e.
ESA Sentinel-1, BIOMASS and SAOCOM-CS; NASA
GEDI and NISAR; JAXA PALSAR, etc.

The FOS serves as an interface between the remote
sensing and ecological communities. Data sharing
nowadays is one of the biggest problem despite
of the fact that everyone can benefit. Ecologists
sometimes do not realize how important their data
are for calibration/validation of remote sensing
products. Remote sensing community can provide
additional rationality and arguments forinvestments
in measurements on sample plots.

The implementation of the FOS is guided by four

principles. First, the ground data should be of high
quality and collected on permanent plots from
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0.25 ha upwards by size. Second, the selection of
the sites should be realistic, i.e. proposed at sites
where previous expertise and capacity have been
built. Third, sites should cover a broad range of
geographical and environmental conditions, so as
to maximize the robustness of models. Fourth, the
procedures for ground data acquisition and database
compilation should be transparent and proofed
extensively.

Project web portal (http://forest-observation-
system.net/) presents besides several base maps,
two types of data: (1) metadata: where and what
were measured on permanent sample plots; (2)
sample plot data for subset of plots where authors
agreed to share the data: aggregated to 5ox50 m
live biomass, tree height, wood density and tree
composition. In the proof-of-concept phrase, FOS
includes the Center for Tropical Forest Science
(CTFS-ForestGEO), RAINFOR, AfriTRON and IIASA
networks. FOS is an open initiative and we expect
more networks to join for common benefits, incl.
joint publications and application for funding of
fieldwork.
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Fractal Volumetric Bouligand-Minkowski Classification of
Forest Trees
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Abstract:

The fractal theory is a well-known technique for representing complex structures of nature. In this
work, a recent fractal texture descriptor is evaluated in aerial images of tropical forests obtained by an
unmanned aerial vehicle. The first results show that the method is able to efficiently characterize some
areas. However, additional studies are needed to enhance its performance.

Introduction

Texture is an important physical and visual attribute
and is intrinsically involved with properties that
define asurface [1]. InComputerVision, this attribute
is defined by the distribution of image reflectance
indices and is widely used to characterize a particular
region of interest.

There are several models of texture extraction.
Recently, researchers of University of Sdo Paulo
developed a new texture descriptor based on the
Fractal model [2] which is widely known by its good
representation of high complex structures and
is generally associated with objects of nature. In
this context, others authors [3, 4] investigated the
performance of this method in different vegetation
databases. However, these studies focus only on
the analysis of the micro texture on the leaf surface
of the plants. In addition, the authors used a very
high statistical accuracy for the selection of the
samples. In this work, the investigation is based
on the analysis of the performance of volumetric
Bouligand-Minkowski in aerial images of Brazilian
tropical forests. The automatic recognition will
enable the mapping of preservation zones and
provide new tools for monitoring practices.

Volumetric Bouligand-Minkowski

Theoretically, a fractal is made by infinite self-
similar fragments and its characterization is given
by fractal dimension measure [5]. In practice, the
physical limits of the fractal objects make difficult
to compute its exact value of fractal dimension, so it
must be estimated.

The volumetric Bouligand-Minkowski method is
an estimator of the fractal dimension of textures.
Basically, a grey level image is transformed into a
three dimensional surface so that the coordinates
and are preserved and refers to the grey intensities
values. Then each voxel of the surface is successively
dilated by a sphere until its radius size reaches a pre-
determined value, as shown in Figure 1. At each step
the total volume of the surface is computed. The
fractal dimension value is given by:

log(V(S,7))

Df =3 — lim log (1)

r—0

)

such that:

ES: \/(v,’c — )%+ (vj’, — vy)z + (v; — v,)? <1},
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Figure 1 — Dilatation process of the Volumetric Bouligand-Minkowski method. (a) Refers to a grey-level
image.(b) Dilatation of with . (c) Dilatation of with. (d) Dilatation of with. Source: Florindo et al. (2014)

where (v, v, V,) € Sapoint of interest on the surface
and the limit is the angular coefficient of the line
fitted to the log-log curve.

Methodology

The experiment consisted in take aerial images of
tropical forests located in Sdo Carlos city, Brazil.
The images were captured by a SONY ILCE-5100
camera docked on a fixed wing UAV model ECHAR
20B, which was managed to work at approximately
300 meters in height. The characteristics extraction
was performed locally once the image has different
textured regions. Thus, each side of the image was
divided into 32 equal parts, resulting in a grid of 1024
textured regions.

The volumetric Bouligand-Minkowski extraction was
based on the methodology suggested by [2]. They
propose to create a three-dimensional Euclidean
distance map of the surface in order to facilitate
the dilation process of the spheres. Thus, it is not
necessary to centralize them in each voxel of, only
to count the number of values smaller or equal to its
radius. In addition, [3] showed that only the value
of the fractal dimension is not enough to describe a
texture. This is because different textures can have
the same fractal dimension [6]. Therefore, a vector
of characteristics was used as a texture signature.
This vector is composed by the values of for each
increment of the distance value to the limit which in
this case was defined as 30:

VY (nax) = [logV(S,1),logV(5,V2),logV(S,V3),

.., logV (s, Tmax)]
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In addition to the proposed approach, four other
methods were used: Grey-Level Co-occurrence
Matrices (GLCM), Local Binary Patterns (LBP), Local
Binary Patterns Rotation Invariation Uniform () and
Fourier Descriptors.

At the training stage, 510 tree samples and 490
samples from other areas, such as grass, road, soil
and rocks were selected and their textures were
extracted by the five descriptors.

In the classification stage, 4 images with 1024
textured regions were classified using the Linear
Discriminant Analysis (LDA) classifier.

Preliminary Results

The first results obtained from the 4 images are
presented in Table 1. The best performance was the
Fourier Descriptors, with global accuracy of 95.7%
and kappa = 0.94 and the worst was the Bouligand-
Minkowski volumetric, with overall accuracy of 87.1
% and kappa = 0.84. The LDA and SVM classifiers
were used to calculate the kappa coefficient.

The preliminary results of the volumetric Bouligand-
Minkowski technique suggest further studies to
leverage its discriminative power in textures of
tropical forests distributed over aerial images.
Finding the optimal value of is a fundamental key
to a better performance. Furthermore, the time
and computational resources consumed were high.
Figures 2 and 3 illustrate some regions classified by
the method.
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Table 1 — Classification accuracies

Descriptor Overall Accuracy Kappa
Bouligand-Minkowski 87,1% 0.84
GLCM 94,7% 0.93

LBP 93,1% 0.85

LBPriv2 89,0% 0.93

Fourier 95,7% 0.94

Figure 2 — Examples of good segmentation using the proposed method

Conclusoes

In this work, the texture of tropical forests in aerial
images was extracted through the recent volumetric
Bouligand-Minkowski fractal descriptor. Despite the
good representation that a fractal has on structures
of nature, the preliminary results did not show good
performance against the other texture descriptors
already diffused in the literature. Further studies are
needed in order to find the maximum radius of the
structuring element ideal for this type of texture.
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Figure 3 — Examples of poor segmentation using the proposed method
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Full waveform LiDAR and the new PulseWaves format

Abstract:

The earliest airborne Light Detection And Ranging (LiDAR) scanners delivered just a single elevation
return per laser shot. Later systems produced a return for the first and the last interaction between
the laser and the landscape below. Today, discrete return LiIDAR commonly produces up to 4 or more
returns. This allows picking up hits of electricity or telephone wires and captures more information
about the vegetation structure.

Recently, waveform digitizers have become popular that capture the reflection of the emitted laser
pulse with much more detail: The waveform returning to the plane is digitized up to one billion times
per second so that the intensity of the laser pulse’s reflection is recorded every nanosecond giving
a vertical resolution of one sample of digitized amplitude each 15 centimeters for the returning
waveform.

Since 2012 rapidlasso GmbH has been working with the LIiDAR community and hardware vendors to
create and support the PulseWaves format - a new data exchange format that is similar to the popular
LAS format but aimed at storing the entire digitized waveform instead of discrete LiDAR returns in a
fully georeferenced manner. In particular it allows storing the outgoing waveform that was “shot” at
the aircraft in addition to one or multiple samplings of the returning waveform.

In this talk we will provide a quick intuitive look at how full waveform LiDAR is different from discrete
LiDAR, introduce the key features of the PulseWaves format, how to obtain data in this format, and
how to use the existing API to read and process it. We look at the current set of PulseTools that are
already available for processing full waveform data in PulseWaves (and other full waveform formats),
summarize scenarios where operating directly on the full waveform already lead to superior results,
and conclude with an outlook on what other full wabeform exploits may lie ahead.
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Isolation of obscured forest tree stems using TLS data
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Abstract

The presented study aims at the detection of obscured tree stems, which often appear hidden by
leaves and branches of the regeneration layer. We make use of the high information density in the
lower forest layers achieved by terrestrial laser scanning (TLS). The method builds on 3D volumetric
images and requires the original point vector data to be transferred into a reqular volumetric grid. The
actual object detection workflow consists of two major steps. The first one applies a generalized three-
dimensional template of a tree stem to probe the complete dataset for vertically elongated structures.
The second step comprises a logical processing chain, which combines split stem segments and closes
gaps between segments belonging to the same tree stem.

Introduction

The extraction of forest tree stems from laser
scanning data provides an important basis for
deriving forest stand characteristics. Most existing
approaches are limited to the extraction of distinct
stems from mature trees, which are not obscured
by other vegetation [Eysn et al., 2013; Lovell et al.,
2011; Reitberger et al., 2007]. Others reconstruct
stems from completely isolated trees, which are
separated from any forest environment [Hosoi et
al., 2013; Raumonen et al., 2013]. The latter studies
concentrate on stemdetailsand lesson the detection
of stems by number and location within a forest
environment. Contrary to those approaches, in many
naturally regenerated forests the understory forms
a dense and unordered structure. It is characterized
by leaves and branches obscuring the tree stems of
both mature trees and those of the regeneration
layer. Only few studies attend to these difficulties,
but still show unfavourable restrictions [Brolly et
al., 2013; Xia et al., 2015]. From the perspectives of
the scanner positions, stems are often not visible in
their total extend and only parts or small fragments
can be captured. The challenge is to separate those
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fragments from the surrounding objects and to
combine all segments belonging to the same tree
stem.

Methodology

Detecting the tree stems in dense and obscured
forest environments is subject to the present
method. A special characteristic of the presented
method is that it aims at the stem extraction from
both mature and regeneration trees within a single
dataset. While with airborne laser scanning (ALS)
data it is difficult to obtain enough reflections from
the lower forest layers, terrestrial laser scanners
(TLS) produce amuch higherinformation density due
to the different perspective. This results in a better
data coverage of the tree stems. However, TLS data
is not suitable for capturing continuous wide area
information as ALS does. Instead, TLS is often used
on a sample plot basis for forestry applications and
possibly can be combined with area wide data.

Making use of the perspective advantages of TLS,
datahasbeen captured onnine spatiallyindependent
plots, located in the canton of Grisons, Switzerland.
The plots resemble diverse and often dense forest
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Original vegetation volume with obscured tree stems

Isolated tree stems

Figure 1. The illustration shows the original vegetation volume and the extracted tree stems. Part a)
depicts the partly transparent volume grid of the complete vegetation dataset with obscured stems in the
background. In b) green vegetation and branches are removed and only isolated stems remain.

conditions, including different numbers of structural
layers. The quadratic plots are centred on grid nodes
used by the forest inventory and have a dimension
of 25 m edge length. On each plot five scans from
different positions have been captured.

Processing of the data covers pre-processing and
subsequently two major steps of image analysis. The
pre-processing includes the registration of the single
scans, the three-dimensional (3D) thinning of the
point cloud and the normalization by terrain elevation.
The most important part of the pre-processing is the
transfer of the point cloud data into a volume grid. All
further processing builds on the advantages of the
ordered structure of 3D grids. The first major step for
stem detection uses techniques from mathematical
morphology to separate non-stem vegetation parts
fromtree stem objects. We apply a series of structuring
elements for spatially variant and directional
openings of the original volume data. The results are
combined into a binary volume, including only stem
candidate segments. The second step combines
labelling techniques with a logical processing chain
in order to aggregate all segments, which belong to a
single stem. Finally we receive multiple 3D connected
components for all tree stems within a plot. Figure 1
shows the original vegetation data in comparison to
the isolated tree stems.

Results

Automatically derived tree stem objects are verified
for all nine plots by comparing the number and

position of the stems against the reference. For
mature trees we verified all stems as measured by
the forest inventory, while for regeneration trees
only randomly selected individuals were available.
Mature trees with a diameter at breast height
(DBH) of more than 12 cm show an almost complete
detection rate of 97.4 %. Stems from regeneration
trees with a minimum crown top height of more
than 130 cm and a DBH of less than 12 cm show an
overall accuracy of 84.6 %.

Conclusions

In conclusion, the presented method allows practical
and reliable extraction of tree stems from mixed
mature and regeneration trees. The method is
transferable to diverse and dense forest structures
and could support applications, such like the
management of protective forest against natural
hazards, forest inventory or regeneration mapping.
Acknowledgments: This study was conducted
within the framework of the Swiss National Forest
Inventory. The author would like to thank Markus
Huber for project management, Natalia Rehush
and Bjorn Dreier for support during fieldwork,
Christian Ginzler for expertise in GNSS technology
and Susette Haegi for scan registration. The forest
administration of the canton Grisons, Switzerland,
gave important assistance to this project.
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Abstract

Savannahs and woodlands are the largest forested biome in southern Africa, accounting for 35-45%
of the land. These are open forests, with a continuous grass layer and a discontinuous low biomass
woody layer (< 60T/ha). Excessive harvesting of woody plants and land use changes can threaten
the sustainability of the provision of grass, timber, fuelwood, edible fruits and roots to poorest rural
communities. On the other hand, bush encroachment (or thickening) is increasingly seen as a major
regional threat for food security via a reduction of grassland for meat production. In South Africa
tree cover in savannahs is believed to have increased at a rate of 5-6% per decade and to encroach in
grasslands; bush encroachment affects 10-20 million ha. Despite these drastic changes and the legal
requirement to report on the forest status every three years at national scale (Forest Act 1998, SA),
there is yet limited information on spatial patterns of woody vegetation. We assessed the use of multi-
frequency Synthetic Aperture Radar (SAR) and optical datasets acquired at various seasons to map
structural attributes (woody cover, above ground biomass) in southern African deciduous woodlands
and savannahs. Imagery included X-band TerraSAR, C-band RADARSAT-2 and ENVISAT ASAR, L-band
ALOS PALSAR, and Landsat. Methods were based on the integration of field data, airborne LiDAR,
and satellite imagery. Field plots were used to calibrate and validate extensive LiDAR-based maps
of structural metrics, which were then used to upscale the metrics at satellite level using random
forest. Results demonstrated that L-band data acquired in winter performs much better than any
other SAR frequency or Landsat optical data, acquired at any seasons. Structural metric retrievals can
be can improved by ca. 10% using the combination of L-band with C-band or Landsat reflectance,
but L-band remains the most important datasets to monitor woody resource in the region, including
for woody cover. Dense time series of winter C-band imagery were shown to be a suitable substitute
when L-band data are not available. In addition, the research led to the development of a LiDAR/
SAR processing platform, and the production of unique 1-ha maps of woody cover for the entire land
mass of South Africa and Namibia, totalling 2 million kmz2. The maps were produced using extensive
regional LiDAR datasets for local calibration/validation and the JAXA ALOS PALSAR mosaic. They are
a significant improvement on the global products which were until recently the only available datasets
in the region.
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Understanding the forces driving forest biodiversity
under global environmental change conditions is
an important goal for plant ecologists (Pereira et
al. 2012). One of the metrics that is commonly used
for the assessment of forest diversity is functional
diversity (FD), that is the diversity of functional
traits in a given community (Diaz and Cabido 2001;
Cadotte et al. 2011, Cardinale et al. 2012). Some
studies have found evidence of the strong link
between the FD and the phylogenetic composition
(PD) of a community (Petchey and Gaston, 20023;
Cadotte et al. 2009). Other studies such as Flynn et
al. (2011) and Wang et al. (2015) have delved into
the understanding of the mechanistic link between
diversity, community functioning and provision of
services, and the mechanisms explaining patterns
of local FD and PD. To understand these interactions
detailed observations are needed. Traditional in-
situ approaches have provided very useful data, but
are usually spatially constrained (Duro et al. 2007),
hence exhibit limited possibilities to be extrapolated
to larger scales (Pereira et al. 2013). With the advent
of emerging remote sensing methods for functional
traits mapping at regional to global scales, the gap
of missing trait distribution at larger scales is to be
filled (Jetz et al., 2016). We propose to contribute
to filling this gap at regional scale by using remote
sensing data in combination with in-situ sampling at
different spatial and temporal scales.

Here, we investigate the relevance of remotely
sensed local interspecific functional variation of
a temperate forest (9-hectare plot located on
the south-facing slope of the Lagern mountain,
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Switzerland) to differentiate vegetation types and
species at distant and close phylogenetic distances.
Phylogeny of the species was constructed using DNA
barcode data. Biochemical and architectural plant
traits were retrieved by using canopy spectra and
point clouds from airborne imaging spectroscopy
and laser scanning data respectively. Additionally,
trait responses along environmental gradients were
detected at intraspecific level to attribute sources of
functional diversity within species.

Preliminary results focus on the retrieval of different
functional traits. Figure 1 shows the potential of trait
clustering for vegetation types classification. Three
different biochemical plant traits have been used for
this: Chlorophyll, Carotenoid and Leaf water relative
abundance. Conifers such as Abies alba present
higher leaf water content values while deciduous
trees have higher pigment content. Figure 2 shows
inter- and intraspecific variation of 3 different
architectural traits. Preliminary results seem to
indicate thatfraction of single echoes could be one of
the architectural traits performing better vegetation
type classification and maximum height could be a
good predictor for species.
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Figure 1. (a) Individual tree crowns at the test site coloured by species and (b) by abundance in
relative units [0-1%] of three biochemical functional traits (red=carotenoid, green= chlorophyll

and blue= |leaf water).
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Figure 2. Boxplots of intra- and
interspecific architectural trait variation
for each of the species at the test site.
Traits are: maximum height, median
intensity and fraction of single echoes.
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Abstract

A new sampling design, the local pivotal method (LPM), was combined with the micro stand approach
and compared with the traditional systematic sampling design for estimation of forest stand variables.
The LPMusesthe distance between unitsinan auxiliary space—inthis case airborne laserscanning (ALS)
data —to obtain a well-spread sample. Two sets of reference plots were acquired by the two sampling
designs and used for imputing data to evaluation plots. The first set of reference plots, acquired by
LPM, made up four imputation alternatives (varying number of reference plots) and the second set
of reference plots, acquired by systematic sampling design, made up two alternatives (varying plot
radius). The forest variables in these alternatives were estimated using the nonparametric method of
most similar neighbor imputation, with the ALS data used as auxiliary data. The relative root mean
square error (RelRMSE), stem diameter distribution error index and suboptimal loss were calculated
for each alternative, but the results showed that neither sampling design, i.e. LPM vs. systematic,
offered clear advantages over the other. Itis likely that the obtained results were a consequence of the
small evaluation dataset used in the study (n = 30). Nevertheless, the LPM sampling design combined
with the micro stand approach showed potential forimprovement and might be a competitive method
when considering the cost efficiency.
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Abstract

The north-East of Europe is affected by the ash (Fraxinus excelsior) dieback caused by the fungal
pathogen Hymenoscyphus pseudoalbidus. The presented study will show the relation between the
biophysical parameters of different levels of ash mortality and their spectral properties, taken from
ASD spectral measurements and a CIR aerial image. Just in this way, the biophysical relation of this
disease can be related to remote sensing properties.

The study was performed for three ash damage levels, evaluated by forest experts of the federal
forestry institution. For each of the three damage levels 40 samples were taken. Close range
spectral measurements of the canopy and single leaves were taken at the at the 17™ and 18" of July
2014 with an ASD FieldSpec instrument mounted to a crane measurement platform situated in a
temperate deciduous forest in North-East Germany. Simultaneously, in the 2014 field campaign,
data was collected by CIR airborne campaign. As biophysical variables for the three mortality levels,
measurements of Chlorophyll a/b, leaf water content, carotenoids were taken as well as SPAD values.
Machine learning regression algorithms (MLRA) have been introduced recently for biophysical
parameter retrieval with remote sensing. This study will utilize the Support Vector Regression (SVR)
and Gaussian Process Regression (GPR) to predict the biophysical parameters and relate the outcome
to the different mortality rates.

Both machine learning algorithms show clear relations to the spectral measurements as well as to the
CIR aerial imagery. For both tests of the data-sets, the r2 of all parameters varies between 0.34 and
0.48 with the exception of leaf water contents, which provides limited predictive power. The relative
RMSE is especially low for Carotenoid (4.6 %) as well as the SPAD measurements (4.7 %).

A clear distribution of the different levels of damage can be seen in the scatterplots (see Fig. 1) and can
be transferred to map the biophysical parameters to larger areas. The MLRA algorithms were applied
to simulated EnMap and Sentinel-2 spectral values, derived by the ASD measurements. The transfer
functions could be used to show the level of damage applied on a real Sentinel-2 scene of the summer
2016.
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Mapping the 3D structure of a tropical rainforest using
terrestrial laser scanning — a quality assessment
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Terrestrial laser scanning (TLS) has emerged as a
state-of-the-art measurement technology of forest
canopy structure and the three-dimensional (3D)
distribution of plant material. The detailed and
accurate measurements of scatterer location and
abundance have been used for forest reconstruction,
forest monitoring, and modeling of radiative transfer
or biomass (e.g., Caldersetal., 2015; Newnhametal.,
2015)we develop an approach to estimate AGB from
TLS data, which does not need any prior information
about allometry. We compare these estimates
against destructively harvested AGB estimates and
AGB derived from allometric equations. We also
evaluate tree parameters, diameter at breast height
(DBH. When measuring a forest plot with TLS, the
quality and completeness of the data is mainly
determined by the applied measurement setup. The
goal of reducing occlusion and reaching a complete
coverage among all vertical layers of the canopy
has to be traded against number of scan locations
and hence costly operation time. Occlusion has
been identified as a major source of uncertainty in
forest reconstruction (Béland, Baldocchi, Widlowski,
Fournier, & Verstraete, 2014)we investigate the
optimal voxel dimensions for estimating the spatial
distribution of within crown leaf area density. We
analyzed LiDAR measurements from two field sites,
located in Mali and in California, with trees having
different leaf sizes during periods with and without
leaves.We found that there is a range of voxel sizes,
which satisfy three important conditions. The first
condition is related to clumping and requires voxels
small enough to exclude large gaps between crowns
and branches. The second condition requires a voxel
size large enough for the conditions postulated by
the Poisson law to be valid, i.e., a turbid medium with
randomly positioned leaves. And, the third condition
relates to the appropriate voxel size to pinpoint the
location of those volumes within the canopy which
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were insufficiently sampled by the LIDAR instrument
to derive reliable statistics (occlusion effects, but
very few studies have specifically investigated the
effects of occlusion on TLS data quality.

In this study, we applied a ray tracing based method
developed by Kukenbrink, Leiterer, Schneider,
Schaepman, & Morsdorf (under review) to map
occlusion in a 1 ha forest plot. The method uses
a voxel-traversal algorithm and traces each laser
pulse to determine sampled and occluded, empty or
filled voxels. We scanned 1 ha of tropical rainforest
in the Lambir Hills National Park (Sarawak,
Malaysia) from 93 positions on the ground, with an
average horizontal spacing of 10 m. Additionally,
we performed 32 TLS scans from four platforms
of a canopy crane at 24, 39, 59 and 76 m above
ground. Our main research questions are: (1) How
is occlusion distributed in the vertical canopy layers
in (a) scans from the ground and (b) scans from the
canopy crane? (2) What is the benefit of combining
ground based and above-ground TLS measurements
for forest reconstruction? (3) How is occlusion
influenced by the number of scan positions?

Preliminary results are presented in Figure 1. The
voxel grid shows parts of the canopy crane on the
left and a 1 m deep transect through the surrounding
trees. It shows that most of the vegetated voxels
have only been covered by one or two scans.
Therefore, it is crucial to have many different scan
positions to cover trees in a tropical forest with their
full extent. Furthermore, it shows that parts of the
upper canopy are occluded in more than four out
of seven scans. This suggests that the scans from
the canopy crane are the main contribution to the
coverage and quality of the data in the uppermost
canopy layers. By extending the analysis to the
whole forest plot, we want to assess the quality of
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ground and above-ground TLS measurements in a
tropical rainforest and provide some guidelines to
establish a best performing measurement setup.

Figure 1. Vertical profile of a 10 cmvoxel grid showing
voxels with laser returns and occluded voxels. The
color scale indicates the number of different scans
producing a laser return or occlusion. For this
example, seven scans have been co-registered,
three of them are located on the lower three crane
platforms.
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Abstract

As descriptors of stem taper and allometry, breast height and upper diameters (dbh, du) are input
parameters to estimte tree volume and biomass. Therefore, the measurement of diameters is essential
in forest inventories. Here, we compared three devices to measure dbh and an upper diameter in
approx. 30% of tree height for 5o trees in south eastern Norway. The devices were: (1) images taken
with two reflex cameras mounted on a stereo rig (RCS), (2) a Criterion dendrometer (CRD) mounted on
a tripod and a handheld Gator Eye caliper (GEC). RCS images were taken simultaneously from seven
positions on a hemisphere with five meters distance to the tree.

Close-range photogrammetry data were processed using Python scripting for wokflow automation.
The dbh and du were measured in 3D dense point clouds using open source software. For dbh, the
devices were compared to reference measurements with a caliper.

Preliminary analysis for dbh resulted in root mean squared deviances (RMSDs) of 9.8 mm and 8.2 mm
for CRD and GEC, respectively. Systematic deviances were less than 2 mm for both methods. First
analysis of the close-range photogrammetry data were promising, as the image-matching point cloud
resembles data generated by terrestrial laser scanners. The photogrammetric method allows for the
documentation of the trees’ status and future re-processing with more advanced methods. However,
the number of pictures taken would need to be reduced to save time and storage capacity in most
forest inventory settings. Random and systematic deviances of the measurements based on the three
methods will be compared and discussed.
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Abstract

Mapping forest composition is essential for forest management, biodiversity conservation and
predicting potential shifts of tree species under the context of climate change. However, operational
production of accurate species maps is still challenging in remote sensing. In this study, the ability
of dense high spatial resolution multispectral Formosat-2 satellite image time-series (SITS) to
discriminate tree species in temperate forests is investigated. Using height years of satellite data, we
compared the performance of single-year classications to map thirteen dominant tree species in a
study area of southwest France. Formosat time-series were composed of eleven to fourty-three dates
acquired across one year from 2006 to 2014. Canopy species were identied using parametric (GMM)
and nonparametric (k-NN, RF, SVM) machine learning algorithms at three class hierarchy levels, after
Itering noisy pixels using B-Splines. The classiers were trained and cross-validated from 1235 eld-
collected plots by applying a random data-splitting procedure repreated 25 times. The results showed
a very high suitability of the SITS to identify the forest tree species based on phenological dierences.
Accuracy of single-year classications varied from 0.85 (k;,c., in 2008 for GMM) t0 0.95 (kpeq, iN 2014 for
SVM) with a decrease in performance as the classication became more specic from level 1 to level 3.
SVM outperformed systematically the other classiers with a higher stability in accuracy between the
years. However, a spatial analysis of the interannual variability revealed disagreements between the
single-year classications in complex mixed forests, suggesting a higher uncertainty in these areas. By
contrast, a good stability was observed within monospecic plantations (e.g. for aspen or eucalyptus).
Our ndings suggest that time-series data is a promising approach for mapping forest types. It also
demonstrates the potential contribution of the Sentinel-2 satellites for large scale forest monitoring.
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Preprint submitted to ForestSAT'2016 May 9, 2016
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Abstract

Full-waveform airborne LiDAR scanning and imaging spectroscopy data were collected in May-June
2014 to cover 100 sq. km of the largest eucalypt, river red gum forest in the world, located in the
south-east of Australia. The objective was to delineate individual trees, characterize their health using
airborne remotes sensing data, and investigate spatial relation of forest health to flooding frequency.
In addition we tested the ability of optical and SAR satellite imagery as well as low density discrete-
return airborne LiDAR scans in upscaling forest health metrics in terms of basal area. Here we present
the processing methodology and results of our analysis with the main focus on upscaling forest health

metrics.

Introduction

During the past 60 years sizeable areas of forest in
Australia have experienced dieback, mostly caused
by drought and high temperatures. In order to res-
tore the extent and distribution of healthy forest
there is a need in developing a high-tech accounting
system of trees. In this respect airborne LiDAR and
imaging spectroscopy are two potentially comple-
mentary remote sensing technologies that provide
comprehensive structural and spectral characteris-
tics of forests over large areas. Focusing on the lar-
gest eucalypt, river red gum (RRG) forest in the world
(Barmah-Millewa forest) in this study we aimed to
(1) develop algorithms for individual tree delineation
using full-waveform LiDAR scans and (2) characte-
rize health of delineated trees utilizing LiDAR scans
and imaging spectroscopy in a structurally complex
floodplain eucalypt forest, (3) characterize the rela-
tionship between tree health and flooding frequency
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derived from Landsat time-series, and (4) extrapola-
te spatially non-contiguous tree health map derived
from LiDAR and imaging spectroscopy datasets (co-
vering ~14% of the study area) to cover the whole
extent of this forest using optical and SAR imagery
as well as low density discrete-return airborne Li-
DAR scans. Once developed, this methodology can
be a starting point in the development of a nationwi-
de forest health monitoring framework in Australia
and applied to other forests worldwide.

Methodology

We conducted experiments in the largest (737 sq.
km) eucalypt, river red gum forest in the world, lo-
cated in the south-east of Australia that experienced
severe dieback over the past six decades. For detec-
tion of individual trees from full-waveform LiDAR
scans we developed a novel bottom-up approach
based on Euclidean distance clustering to detect
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tree trunks and random walks segmentation to fur-
ther delineate tree crowns. The proposed algorithm
presents a stepwise procedure, where firstly tree
trunks are identified based on the spatial arrange-
ment of points in the lowest part of the LiDAR point
cloud. Secondly, the points representing identified
tree trunks are labelled within the point cloud. Third-
ly, a 3D graph is built by connecting all points within
a certain radius. Finally based on the spatial connec-
tivity of points to the labelled ones, using so-called
random walks algorithm, the point cloud is segmen-
ted into individual trees (Fig. 1). The detailed des-
cription of the individual delineation algorithm can
be found in Shendryk, Broich et al. (2016).

The accurate delineation of trees allowed us to clas-
sify the health of this forest using machine learning
and field-measured tree crown dieback ratios, which
was a good predictor of tree health and crown den-
sity, respectively, in this forest. Although tree heal-
th is a subjective term, in Barmah-Millewa it is best
approximated by dieback levels (i.e. the proportion
of dead branches to the total number of branches),
which were visually assessed in the field and grouped
into three classes. The LiDAR indices were calculated
for segmented tree crowns exploiting the full range
of full-waveform LiDAR attributes and tree geome-
try, and used as predictor variables in object-orien-
ted random forest classification. Random forest is a
supervised non-parametric machine learning techni-
que, and was particularly suitable for this study as it
is able to achieve superior classification performance
as compared to other ensemble learning algorithms
with small training samples. The detailed descrip-
tion of the individual tree health classification can be
found in Shendryk, Broich et al. (2016)"B.

The decrease in flooding has been frequently identi-
fied as the main cause of tree health decline in Aus-
tralia’s floodplains. In order to tease out the causes of

unhealthy forest we overlaid the flooding frequency
map derived from time series of Landsat imagery
(1986-2011) (Tulbure, Broich et al. 2016) with our in-
dividual tree health maps.

Finally, we utilized very high resolution satellite
imagery (i.e. WorldView-2) in combination with
SAR imagery (i.e. Sentinel-1 and ALOS-2/PALSAR-2
imagery) and low density discrete-return airborne
LiDAR scans as a substrate for extrapolating LiDAR
and imaging spectroscopy derived individual tree
health. Similarly to individual tree health classifica-
tion, we developed object-oriented random forest
regressions to quantify live and dead basal area (BA)
in 6om cells using zonal statistics as predictor varia-
bles.

Results

Overall, our individual tree delineation algorithm
was able to detect 67% of tree trunks with diame-
ter larger than 13 cm. We assessed the accuracy of
tree delineations in terms of crown height and wid-
th, with correct delineation of 68% of tree crowns.
The increase in LiDAR point density from ~12 to ~24
points/sq. m. resulted in tree trunk detection and
crown delineation increase of 11% and 13%, respec-
tively (Shendryk, Broich et al. 2016). Trees with inco-
rrectly delineated crowns were generally attributed
to areas with high tree density.

Returned pulse width, intensity and density related
LiDAR indices were the most important predictors
in the individual tree health classifications. At the
forest level in terms of tree crown dieback, 77% of
trees were classified as healthy, 14% as declining
and 9% as dying or dead with 81% mapping accura-
cy. Landsat derived flooding frequency map for over
26 years showed that trees in areas that were floo-
ded less than 5% of the time a pixel was observed

Fig 1: Individual tree segmentation procedure
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were most susceptible to dieback (Shendryk, Broich
et al. 2016).

Our preliminary results also suggest that very high
resolution optical and SAR satellite imagery in com-
bination with low density discrete-return LiDAR
scans are effective in upscaling individual tree heal-
th of this mono-specific forest to a stand level (i.e.
6om resolution). The object-oriented random forest
regressions allowed us to quantify total, live, dead
and %dead basal area (BA) with R? of 0.74, 0.73, 0.41
and 0.46, respectively. The most important variables
in predicting total and live BA were zonal statistics
extracted from LiDAR derived canopy height mo-
del (CHM) and canopy cover (CC) rasters as well as
ALOS-2/PALSAR-2 HV- and HH- polarized imagery,
and WorldView-2 derived near-infrared (NIR2) to red
edge (RE) derived NDVI. While the most important
variables in predicting dead and %dead BA were zo-
nal statistics extracted from LiDAR derived CHM and
CC as well as Sentinel-1 VH-polarized imagery and
WorldView-2 derived NIR2/RE NDVI. Fig. 1 shows
the preliminary LiDAR-, SAR- and WorldView2-de-
rived tree mortality map of the Barmah-Millewa fo-
rest in terms of %dead BA.

Conclusions

Our results provide algorithms that accurately de-
lineate and classify the health of trees in a structu-
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rally complex forest, enabling us to prioritize areas
for forest health promotion and biodiversity conser-
vation. We suggest using optical and SAR satellite
imagery as well as low-density discrete LiDAR as a
possible substrate for extrapolating full-waveform
LiDAR and imaging spectroscopy derived individual
tree health in order to reduce the cost of larger scale
studies.
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Human induced changes in forest area
(deforestation, reforestation) and forest condition
(forest degradation) are of great significance in
national and international policy processes - both in
the context of reqularly planned forest management
and illegal or accidental interventions.

The magnitude and spatial distribution of these
activities vary within a country and are difficult
to monitor in particular for larger areas. Remote
sensing is the only source of information that can be
used to identify these activities in larger areas and
shorter time intervals. The use of high-resolution
imagery acquired on airborne or UAV platforms is
time-consuming when it comes to processing, and
requires very high-performance computers. Similarly,
the processing of satellite imagery acquired at short
time intervals on national and subnational scale is
very resource-intensive. Nevertheless, the latter
may be the only practical approach if one seeks to
identify forest changes in the context if implementing
efficient “early warning systems”.

The Google Earth Engine® provides a powerful
means for identifying changes in forests by
combining high-performance cloud computing with
the automated retrieval of satellite imagery from a
vast depository of images.

Our case study is conducted in Curacautin, Chile,
and this presentation aims to present results from
the initial phase of the study and to evaluate the
use of the Google Earth Engine® for identifying
areas of forest change at an early point in time.
We distinghuish between forest conversion
(deforestation) and changes in forest conditions
(forest degradation), and match and compare the
changes with the corresponding forest management
plans in order to provide a reliable interpretation.
An Earth Engine® JavaScript was written to access
the Sentinel-2 imagery archive of the Engine and
serves to detect changes within two consecutive
months with a minimum mapping unit of 0.1 ha. The
Sentinel-2 satellite imagery was then analyzed using
the built-in image processing functions; threshold
criteria were identified and used to reliably indicate
the occurrence of forest changes.

To illustrate the findings of our study, the
presentation compares the results of our automated
approach (with the Google Earth Engine® cloud
processing) to the results of independent analyses
of aerial photographs and satellite imagery. Finally,
the potential of high temporal revisits of the only
recently available Sentinel-2 imagery for the
detection of human induced changes in forests is
explored.
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Optimization of dynamic a global vegetation model at a
land cover remote sensing data for better representation
of Russian forests

Sergey Venevsky Tsinghua University, Beijing, China
Sergey Khvostikov, Space Research Institute, Moscow, Russia
Sergey Bartalev, Space Research Institute, Moscow, Russia

Dynamic global vegetation model SEVER has
been regionally adapted using a remote sensing
data derived land cover map in order to improve
reconstruction conformity of vegetation functional
types distribution over Russia, particularly forests.
The SEVER model was modified to address
noticeable divergences between modelling results
and the land cover map. The model modification
included a light competition method elaboration
and introduction into the model a tundra class. The
rigorous optimisation of key model parameters was
done using two-steps procedure. First approximate
global optimum was found with Efficient Global
Optimisation algorithm, afterwards local search
in vicinity of approximate optimum was done with
quasi-Newton algorithm BFGS. The regionally
adapted model shows significant improvement
of the vegetation distribution reconstruction over
Russia with better matching with the satellite derived
TerraNorte land cover map, which was confirmed by

66

both a visual comparison and a formal conformity
criterion.

The closest fit of the model to the remote sensing
data derived plant functional types distribution is
seen in the Asian part of Russia, which got human
activities mainly in the most southern part near
the border. Especially important is geographically
correct representation of areas for boreal needle-
leaved deciduous forests (Larix forests) and tundra
in the Asian part of Russia. This confirms that Larix
forests and tundra are determined mainly by climatic
variables. Differences in vegetation distribution
between optimised version of SEVER DGVM and the
TerraNorte land cover map seen in the European part
of Russia also provide us with important insight. We
conclude that areas, climatically suitable for boreal
and temperate broad-leaved forests, are converted
to agricultural lands (described as grassland PFTs in
SEVER DGVM) by human activities.
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Abstract

Diameter distribution is a stand-level indicator of the structure of the tree stock and, in
forest inventory applications, the information on diameter distribution allows the calculation
of timber assortments. However, diameter distribution is usually not included in the field
measurements of stand-level management inventory systems. In such cases, the diameter
distribution can be predicted using field assessed stand attributes as predictors in theoretical
distribution functions, such as Weibull (e.g. Bailey and Dell 1973), or k-nearest neighbor (k-nn)
imputation (e.g. Maltamo and Kangas 1998).

The emergence of airborne laser scanning (ALS) techniques has had major impact on stand
level management inventories (e.g. White et al. 2013). However, there are still primary
information needs concerning diameter distribution but it cannot be directly produced by the
inventory, and thus, it must be predicted (Maltamo and Gobakken 2014). So far, ALS data
have been utilized to predict aggregated stand-level diameter distribution applying Weibull
distribution and k-nnimputation in some earlier works (Gobakken and Naesset 2004, Maltamo
et al. 2009) but the existence of several tree species and irregular distribution shapes usually
hampers the prediction (Packalen and Maltamo 2008).

This study aims to examine the ability of metrics of area based approach of ALS to estimate
single tree species diameter distribution in an even-aged monoculture plantation, which
provides disturbance free conditions to analyze the relationship between ALS and diameter
distribution due to the missing minor tree species or undergrowth. The test area is located in
Bahia, Brazil and the considered tree species is Eucalyptus urograndis. We compare different
methods to predict diameter distribution, namely parameter prediction, parameter recovery
and distribution matching based on the Weibull function form, in addition to a non-parametric
k-nn imputation. We also include such a parameter prediction alternative, where Weibull
distribution is predicted using field attributes which are typically available in plantations’ stand
register data. The criteria of the goodness-of-fit are based on the shape of the distribution, i.e.
error indices of diameter classes and third powers of diameters of proportional frequencies
between o and 1.
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In general, the results showed that ALS information can predict diameter distribution with an
error of slightly more than 10% of relative root mean square error of third power of diameter
class frequencies and error index values between 50-60%. The reliability figures of the most
accurate ALS based alternatives are also close to the field information based estimates. The
results showed strong relationship between ALS information and diameter distribution but
the results concerning the comparison between different prediction methods varied regarding

the reliability criteria used.
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Quality control and quality assessment of LIDAR data
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A consistent and reliable biomass map for the
whole Brazilian Amazon forest is one of the primary
objectives of the research project Estimation
of Biomass in the Amazon (EBA). A total of 625
randomly distributed lidar flight transects covering
an area of 30omxi2500m each is being collected
since 2016 February. To establish a systematic
and consistent data collection methodology, the
vendor was required to meet a strict pre-defined
set of requirements and specifications. Although
primary quality assessment and quality control of
the data are typically a responsibility of the vendor,
confirming the integrality of the data received
became necessary. We developed a protocol
to assess return density, return homogeneity,
footprint, completeness of the data, the range of
values, spatial coverage, scan angle, datum (vertical
and horizontal), projection, linear unit and overall
adherence to accuracy requirements.

It is indispensable to predetermine which products
are considered deliverables: point cloud and its file

format (usually .las or a compacted version, laz);
digital models (commonly terrain and surface) and
file format (generally .asc). For algorithms, it is
important to define which ones will be used for the
deliverables production and the processing degree
(data interference) performed by the contractor
(i.e. outliers removal, ground filtering and digital
terrain modeling). Furthermore, it is important to
define how to proceed in case an unexpected event
occurs, especially for large campaigns as ours. Our
study presents Python scripts for data validation to
be applied by those who are contracting ALS data.
Phyton is a free software development platform, and
its use is increasing fast in Data Science processing.
It also includes laspy, a library that enables lidar data
direct accessing and processing. Finally, aiming at
raising awareness of the lidar data users community,
we present the problems commonly found during
the validation process.
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Shadow compensation for imaging spectroscopy
data using a radiative transfer approach
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The retrieval of accurate target reflectance values
fromimagingspectroscopy datainforestecosystems
is a challenging task due to their structural
complexity, largely influencing the measured
radiance at sensor level. Topographic and tree crown
shadowing effects highly limit accurate biophysical
and biochemical parameter retrievals from imaging
spectroscopy data. Current approaches trying to
overcome these limitations often exclude shadowed
areas, significantly reducing the study area, orrely on
simple, but often inaccurate shadow compensation
approaches based on histogram thresholding, band
ratios or matched filters.

In this contribution, we introduce a novel approach
to compensate shadowed areas in imaging
spectroscopy reflectance data using a radiative
transfer approach based on the radiative transfer
model DART (Gastellu-Etchegorry et al., 2015).
DART is able to estimate the three-dimensional
radiative budget, from which we can extract the
surfaceirradiance perimage pixel. We parameterised
the DART model using airborne laser scanning and
in-situ data for a Swiss temperate forest following
the approach proposed by Schneider et al. (2014).
A shadow compensation factor was retrieved per
spectral band and pixel based on the surface and
the top of scene irradiance unaffected by shadowing
effects, both extracted from the three-dimensional
radiative budget output of DART.
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The proposed shadow compensation approach was
tested on simulated (using DART) and real imaging
spectroscopy data derived from the Airborne Prism
Experiment (APEX) sensor (Schaepman et al,
2015)its calibration and subsequent radiometric
measurements as well as Earth science applications
derived from this data. APEX is a dispersive
pushbroom imaging spectrometer covering the solar
reflected wavelength range between 372 and 2540nm
with nominal 312 (max. 532. The approach showed
promising results in successfully compensating
the reflectance values of ground pixels affected by
shadows, which were cast by trees. Figure 1 shows the
preliminary results derived from a DART simulation of
a simple scene composed by a single tree located in
the middle of a meadow with a homogenous known
reflectance of 20% in the simulated band (560+1 nm).
These preliminary results show that the proposed
compensation approach is able to successfully
extract target reflectance inside the core shadow.
However, the complex light scattering mechanisms
inside the forest canopy remain difficult to model,
rendering successful target reflectance retrieval as
well as its validation challenging. Nevertheless, we
argue that the proposed shadow compensation
approach significantly improves target reflectance
estimation, as well as the retrieval of biochemical and
biophysical parameters from high resolution imaging
spectroscopy data.
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Figure 1: Preliminary results of the shadow compensation approach applied to a synthetic scene composed
by a single tree located in the middle of a meadow with known homogenous reflectance of 20% in the sim-
ulated band. The scene was parameterised and the image was simulated using DART at a single spectral
band in the green spectrum (560+1 nm). The sun azimuth and zenith angles were defined as 180° and 48°
respectively. Top left shows the uncompensated original reflectance image at the given band. The bottom
left shows the top of scene irradiance and the surface irradiance for the profile denoted by the red line. Top
right shows the compensated image and the bottom right the reflectance profile along the red line for the

uncompensated and compensated image.
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Abstract

Spatial and temporal information on biochemical and biophysical attributes of forest areas are key
for global and regional studies of ecosystem processes. In this purpose, hyperspectral remote sensing
combined with physically-based radiative transfer models (RTMs) has been widely used. However,
such approach requires an accurate simulation of the remote sensing signal, which is challenging
due to the complex structure and spectral diversity of forest canopies, particularly in tropical
environments. This issue can be addressed using three-dimensional (3D) RTMs such as the Discrete
Anisotropic Radiative Transfer (DART) model. In this study, the DART model was used to simulate the
spectral response of tropical tree species at the canopy level. We tested the influence of a simplified
crown structure and optical properties leading to realistic simulations. A look-up table of individual
tree crown (ITC) reflectance was built using combinations of DART parameters derived from in situ
measurements. Then, measured spectral characteristics of individual trees were compared to their
simulated counterparts in terms of Root Mean Square Deviation (RMSD). Finally, a sensitivity analysis
was performed to understand how the DART parameters affect the simulated canopy reflectance.
Differences between experimental and simulated data reached RMSD values from 0.2 to 0.9% in the
visible (VIS, 450-650 nm), 0.4 to 1.2% in the red edge (RE, 700-750 nm) and 0.2 to 1.8% in the near-
infrared (NIR, 750-920 nm). The sensitivity analysis showed that structural parameters are dominantly
responsible for the variation observed in the NIR range, where the highest disagreements between
simulated and experimental data were observed. Our study shows that the simulation of the spectral
response of tropical tree species is feasible with 3D RTMs, which is the first step to inversely retrieve
biophysical and biochemical attributes of tropical forest canopies using physically-based methods.
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1. Introduction

Retrieval of biophysical and biochemical vegetation
properties using remotely sensed data has long been
performed with empirical models. These models
relate a measure of reflectance or a vegetation index
(V1) to the variable of interest measured in the field.
Although these methods are simple and fast, they
have some unresolved drawbacks such as: (i) the
validity of the model is limited to the environmental
conditions where it has been developed, (ii) variables
influencing the radiation regime such as the canopy
structure are neglected and (iii) the relationship
betweenVIsandthe variable of interest s established
using costly fieldwork data. 3D Radiative Transfer
Models (RTMs) offer the possibility to encompass
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these limitations by integrating the canopy
architecture and simulating remote sensing datain a
variety of acquisition and environmental conditions.
The retrieval of canopy variables from measured
signals is performed by inversion of the model. The
inversion basically consists of finding the best set of
model parameters that generate the most similar
spectrum to a given experimental spectrum (e.g. the
spectral response of a pixel). This procedure mainly
depends on a good agreement between simulated
and measured data. However, little is known about
the accuracy of simulations of hyperspectral images
as acquired over tropical forests.
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In this study we designed a methodology aiming
at comparing experimental imaging spectroscopy
acquired over a complex tropical forest with
DART simulations obtained after application of
a certain number of simplifying hypotheses. This
methodology is based on the generation of a look-up
table (LUT) of individual tree crown (ITC) reflectance
using DART simulations obtained by realistic
combinations of biophysicaland chemical vegetation
properties derived from field observations, and a
simplified geometric architecture of the trees. We
then compared simulations with experimental data
in terms of spectral similarity. Finally, a sensitivity
analysis was performed to understand how each
DART parameter affects the simulated canopy
spectral response.

2. Material and Methods

2.1 Study area

The study area is a well-preserved tropical seasonal
semi-deciduous forest located in the municipality
of Campinas, Sdo Paulo State, southeastern Brazil
(22°49'13.4"S 47°06'43.6"W). It is an old-growth
forestarea, about 630 ma.s.|, subjected toa 5-month
dry season (May to September) and characterized
by deciduous and evergreen tree species.

2.2 Hyperspectral data

Hyperspectral data was acquired under clear sky
conditions on June 7, 2010, using the AisaEAGLE
(Spectral Imaging, Inc., Oulu, Finland) sensor that
covers the visible/near-infrared (VNIR, 400-970 nm)
wavelength range. 122 VNIR spectral bands spaced
by 5 nm were acquired with a radiometric resolution
of 12 bits. Tenflight-linesinthe North-South direction
were necessary to cover the whole study area (251.8
ha). The data collected were atmospherically and
geometrically corrected according to the procedures
described in Ferreira et al. (2016). The spectral bands
located below 450 and above 920 nm were discarded
due to their low signal-to-noise ratio (SNR). Then, 99
bands covering the 450-920 nm spectral range were
retained for further use.

2.3 Field data

2.3.1 Individual tree crown and leaf optical
properties data

In this work, we used the ITC dataset of Ferreira et al.

(2016), which was produced by visual interpretation

of the hyperspectral data and field work. A total of

234 ITCs were identified, corresponding to seven
tree species. Additionally, leaves of these species
were collected at the beginning of the dry season
(end May 2015) for reflectance measurements. The
spectroradiometer ASD/FieldSpec®s4 (Analytical
Spectral Devices (ASD), Inc., Boulder, Colorado) with
the Plant Probe accessory, combined with the Leaf
Clip assembly, was used to measure leaf reflectance
in the 350 to 250 nm range.

3. Methods

3.1 DART radiative transfer

DART is a 3D radiative transfer model that simulates
radiation propagation in urban and natural
landscapes (Gastellu-Etchegorry et al., 2015). In this
work, to simulate the spectral response of tropical
tree species at the ITC level, a single tree located at
the center of a 10x10 m scene was used. The crown
was of round shape with a diameter of 10 m, centered
at 20 m height. The canopy was represented by
0.5 m3 cells filled with foliage and woody branches
modeled with two separated turbid media, defined
by two densities, spectra and proportion of full
cells. Branch reflectance spectra were set to a
measured bark spectra. The forest understory was
represented by a turbid plot of 2.5 m height (0.5 m)
covering a flat ground. Standard spectra from the
DART database were used to characterize optical
properties of the understory vegetation, braches
and litter. Leaf optical properties were simulated
with the PROSPECT-5 model (Féret et al., 2008).

3.2 LUT generation

We generated a LUT by varying 11 DART parameters
(Table 2), which can be divided into three main
categories: canopy structural properties, leaf
biophysical properties (corresponding to the input
parameters of PROSPECT-5) and scene optical
properties.

3.3 Sensitivity analysis

We are interested to identify the most influential
DART parameters and quantify how much they
contribute to the variability in the simulated canopy
reflectance. To do this, we performed a one at a
time sensitivity analysis (OAT-SA) and computed
a set of sensitivity indices. The OAT-SA aimed to
understand how the DART parameters individually
affect the spectral response of the simulated tree.
Thus, we varied the DART parameters one at a time
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Table 2 DART + PROSPECT parameters, their ranges, and increments and nature used to build the LUT

Canopy structural parameters Unit'Type Min__Max_Increment Increment OAT-5A" Base-case MNaiture
planophile - - - -
erectophiile - - - -
Leaf Angle Distribution (LAD) ploglophtie - - - - planophile Categorical
exfremoplile - - - -
spherical - - - -
wnifirm - - - -
Drengity of branches per voxel (DBF) volume % ] 075 0.25 0.25 10 Categorical
Drensity of leaves per voxel (DLF} e 0.5 3 05 0.5 1 Continuous
P ion of full cells within the tree crown cllg] % LAl L] 20 20 O Categorical
Scene optical parameters
Optical reflectance factor of branches (OBF) - ] 1 0.5 0.3 1 Categorical
Optical reflectance factor of the ground (OGF) - { 1.5 05 0.5 1 Categorical
PROSPECT-S parameters
Chilloroplyvil a+& (Cap) wgfem? 10 100 - 20 40 Continuos
Carotenoids {C,.) nglem? 5 15 - 5 10 Continuous
Equivalent Water Thickness (C,) glem?® (002 0u042 - .01 0oz Continuous
Dy Matter Content {C,) glem?® 003 0033 - 0005 o0 Continuous
Liaf Structure (M) - 1.4 34 - 0.5 1.8 Comtinuos

! Incremient wsed for the one at & ime sensitivity analysis (OAT-SA)
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Fig. 1 Root Mean Square Deviation (%) between the simulated and the measured spectral response of seven
tree species from a tropical seasonal semi-deciduous forest formation. The mean spectral response of the
species are plotted for clarity. AP=Aspidosperma polyneuron; AG=Astronium graveolens; CL=Cariniana legalis;
CP=Croton piptocalyx; DS= Diatenopteryx sorbifolia; HC=Hymenaea courbaril; PL= Pachystroma longifolium.
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by specific increments, keeping all other parameters
at their base-case values, which yielded a factorial
design of size 56 (Table 2).

3.4 Comparison between experimental and
simulated data

Pixels from the manually delineated ITCs were
extracted from the hyperspectral image and
averaged to compose an experimental dataset of 234
spectra. We selected only sunlit crown pixels within
each ITC to compute its mean spectral response.
Sunlit pixels were defined as those presenting high
NIR reflectance (>0.2). This choice was motivated
by the fact that sunlit pixels are less influenced by
shadows andthus presenthigh signal-to-noiseratios.
We averaged the reflectance corresponding to sunlit
pixels for each ITC and obtained an experimental
dataset of 234 spectra. Similarly, the mean spectral
response of each simulated tree was computed,
resulting in a simulated dataset of 3518 spectra. We
then compared simulated with measured spectra,
using the Root Mean Square Deviation (RMSD) as a
criterion for spectral similarity.

4. Results

4.1 Spectral similarity

Spectral  differences  between  experimental
spectra and their simulated counterpart (based on
minimized RMSD criterion) and averaged per species
varied from 0.2 to 1.8% over the VNIR domain. More
specifically, RMSD reached values from 0.2 to 1% in
the visible (VIS, 450-700 nm), 0.5 to 1.8% in the red-
edge (RE, 700-750 nm) and 0.4 to 1.4% in the near-
infrared (NIR, 750-920 nm) (Fig.1). Regardless of the
species, there was an increasing trend in RMSD from
VIS to NIR, which can be noted starting at 750 nm,
and due to the lower overall values of reflectance in
the VIS domain due to saturating absorption from
photosynthetic pigments. Overall, simulated and
experimental spectra showed a better agreement in
the VIS than in the NIR.

4.2 Sensitivity analysis

The sensitivity analysis provided the opportunity
to better understand how each DART parameter
affected the crown spectral response (Fig. 2). The
VIS range is more influenced by the leaf optical
propertiesthan by the canopy structural parameters.
Most notably, C variations changed the spectra
from 5oo to 750 nm, impacting more severely the
green peak and the red-edge (Fig. 2).
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Fig. 3 (a) Extreme (dotdashed lines), inter-quartile
(grey) and median (bold line) of DART simulated
reflectance values, obtained after varying each
parameter in turn keeping all other parameters fixed
at their reference values (one at a time sensitivity
analysis (OAT-SA)) (see Table 2). (b) Dynamics of the
sensitivity indices computed for the OAT-SA over
the 450-920 nm wavelength range.

More subtly, C _and N also affected the VIS, while N
impact the entire region by increasing the amplitude
of the spectra, C _ produced variations only in the
vicinity of 525 nm. C_and C made a negligible
contribution to variations in the visible, with the
former affecting intensely the NIR and the latter
producing no variations at all.

5. Conclusions

Our study demonstrates the feasibility of using 3D
radiative transfer modeling to simulate airborne
hyperspectral data acquired over high diversity
tropical forest areas. We performed simulations
of the spectral response of tree species with small
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RMSD (< 1.8%), using a simplified geometrical
crown filled with turbid media characterized by
leaves and branches optical properties. The highest
disagreements between experimental and simulated
data were found at the NIR, which was influenced
mainly by canopy structural DART parameters.

Acknowledgements

This work was supported by the Sdo Paulo Research
Foundation (FAPESP) grant no. 2013/11.589-5.

References

Féret, J.B., Francois, C., Asner, G. P., Gitelson, A.
A., Martin, R. E., Bidel, L. P,, Ustin, S.L., Marie,
G., & Jacquemoud, S. (2008). PROSPECT-4 and
5: Advances in the leaf optical properties model
separating photosynthetic pigments. Remote
Sensing of Environment, 112, 3030-3043.

76

Ferreira, M. P., Zortea, M., Zanotta, D. C,
Shimabukuro, VY. E.,, & de Souza Filho, C. R.
(2016). Mapping tree species in tropical seasonal
semi-deciduous forests with hyperspectral
and multispectral data. Remote Sensing of
Environment, 179, 66-78.

Gastellu-Etchegorry, J-P, et al., (2015). Discrete
Anisotropic Radiative Transfer (DART
5) for modeling airborne and satellite
spectroradiometer and LIDAR acquisitions of
natural and urban landscapes. Remote Sensing,
7, 1667-1701.



Universidad Mayor ForestSAT 2016 Abstracts Summary

Single tree detection with weak canopy shape constraints

Ruedi Boesch, Mauro Marty
Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Birmensdorf, Switzerland-
(ruedi.boesch, mauro.marty)@wsl.ch
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Abstract:

Deriving object features like single trees from point cloud data is crucial to understand the structure
and function of forest ecosystems. The recognition process of single trees is still a challenge due to
different forest types, varying acquisition conditions and often difficult terrain conditions.

Nowadays acquisition campaigns using airborne laser scanning or aerial images allow to derive
georeferenced point clouds with high spatial resolution and nearly uniform point density, even over
large areas.

Due to established uniform point density we propose a raster-based method to derive single trees
from point cloud data with minimized spatial constraints for tree crowns.

Initially a candidate of a single tree crown is found at a local height maximum. Starting from this
candidate location, 8 compass directions (separated by 45 degrees) are investigated, if the height
gradient values conform to a tree crown shape.

The vast number of tree species at different growing seasons requires to be very restrictive concerning
shape assumptions in point cloud data. Therefore the single gradient values can be varying, either
convex or concave, but must be positive. Gradients are positive if the height is constantly decreasing
in one of the 8 compass directions starting from the center location.

Due to filtering or matching errors during point cloud generation and varying acquisition problems,
digital surface models of point clouds are not as smooth as expected or simply contain data generation
errors. Therefore the strict gradient criteria for the 8 directions must be relaxed. Following one of the
8 compass directions, the gradient must be positive, but can be interrupted by small local maxima.
Small local maxima are represented by a short sequence of negative gradients. Search directions with
positive gradients can therefore be interrupted by negative gradients and still be classified as valid
tree crown direction. This relaxed shape constraint in one dimension must be fulfilled by all search
directions.

The proposed method will be evaluated with the available data from the NEWFOR-benchmark,
published by Eysn, Hollaus et al.,Forests 2015, 6, 1721-1747; doi:10.3390/f6051721.
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Abstract:

The normalized difference vegetation index (NDVI) is a popular and widely-used indicator in the land
application using visible and NIR data. Unfortunately, the presence of atmosphere (especially clouds)
affects red and NIR reflectance. With the increasing of atmospheric optical thickness, NDVI values
are obtained in lower panels. An empirical and radiative transfer algorithm is developed to remove
atmosphere effect on NDVI. We first assume that under the atmosphere-free condition, the top-
of-atmosphere reflectance values from ground targets between any two visible bands have a linear
relationship. The relationship is independent from different terrain types. We then assume that the
influences on any two visible bands caused by the atmosphere are linearly related. Finally, under the
cloud-cover water pixels, the reflectance values of a visible band caused by atmosphere are linear
related to the reflectance values of a near infrared band (NIR). After validating the assumptions and
solving six unknown parameters, the NDVI values after removal of atmospheric effect are obtained.
The effectiveness of the algorithm has been evaluated in forest areas using the Landsat 8 data. In
comparison with the data before and after the algorithm, the effect of atmosphere on NDVI disappears
visually. The values of mean increases. The increase of the mean values is further supported by the
rightward shift of the histogram curve for NDVI. Overall, the removal of atmosphere effect on NDVI
was quantitatively and quantitatively satisfactory.
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Synergism of SAR and optical data for land use mapping
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Abstract

The aim of this study was to analyse the integration of OLI/Landsat-8 optical and PALSAR/ALOS-2
images to characterize the landscape of ecological tension between forest and savannah in northern
Brazilian Amazonia using the Random Forest classifier. Landsat-8/OLI surface reflectance and ALOS-
2/PALSAR-2 HH and HV amplitude were tested for classification purposes. In addition, NDVI and EVI
were calculated from OLI data, and GLCM metrics were determined from PALSAR-2 images for both
HH and HV polarizations. Five polarization PALSAR-2 indices were also extracted. Random Forest
was calibrated for optimal “ntree” and “mtry” parameters. Results showed an overall classification
accuracy of 82.41% and a Kappa of 0.8. The synergistic use of OLI and PALSAR-2 data improved the
classification of a great number of classes (17) in the study area.

Introduction

Land use and land cover mapping in tropical
landscapes are key components for management,
conservation and better understanding on the
anthropogenic impacts over natural ecosystems.
However, the complexity of these fragmented
landscapes due to the transition between vegetation
physiognomies (savannahs and forests), forming
a mosaic of land use for agriculture and/or pasture
often, affects their characterization using optical
remote sensing data (LU et al., 2007). In addition,
persistent cloud cover creates difficulties for
obtaining cloud-free optical data over the region.

In this sense, the synergistic use of optical and SAR
satellitedataisrelevantbecauseitgenerallyimproves
the quality of land use/land cover maps (LAURIN et
al., 2013). The objective of this study was to analyse
the integration of Operational Land Imager (OLI)/
Landsat-8 and Phased Array type L-band Synthetic
Aperture Radar (PALSAR)/ALOS-2 images to map

landscapes of ecological tension between forests
and savannah in northern Amazonia, in Brazil, using
the Random Forest (RF) classifier.

Methodology

The study area is located in the Roraima state, in
northern Brazilian Amazon (Figure 1). The region is
characterized by the contact of tropical forests and
savannah physiognomies, including also classes
of anthropogenic land uses such as smallholder’s
activities and large-scale  commodity-driven
agriculture. These classes form a complex landscape
from a remote sensing perspective. The forest and
savannah domains are separated by the Mucajai
River, composing an ecological tension zone.

Seventeen classes were defined during fieldwork
and tested for RF classification: (1) agriculture; (2)
waterbodies; (3) campinaranag; (4) wooded savannah;
(5) savannah grassland; (6) shrub savannah; (7)
initial secondary succession (SSz1); (8) intermediate
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Figure 1. Location of study area highlighting the transition between tropical forests and savannah

physiognomies, separated by the Mucajai River.

secondary succession (SS2); (9) burned savannah;
(10) woodland savannah; (11) mature forest; (12)
clean pasture; (13) overgrown (dirty) pasture; (14)
silviculture; (25) clear-cut silviculture; (16) bare soil;
and (17) palm swamps.

Landsat-8/OLI CDR surface reflectance data (30
metres of spatial resolution) and PALSAR-2/ALOS
dual (HH+HV), level 1.5, CEQS format (10 metres
of spatial resolution) were used for classification.
From the OLI dataset, the Normalized Difference
Vegetation Index (NDVI) and the Enhanced
Vegetation Index (EVI) were generated. The
PALSAR-2 image was filtered for speckle using a 3
x 3 Lee filter. After that, Grey Level Co-occurrence
Matrix (GLCM) textures metrics were extracted
from each HH and HV polarization image. We also
calculated five polarizations indices: HH+HV, HH-
HV, HH/HV, HV/HH and a SAR Index = (HH*HV)/
(HH+HV) (Lu et al., 2013). In total, we tested 35
attributes for RF classification: 8 optical reflectance-
derived attributes and 27 SAR amplitude-derived
metrics. All the images were co-registered using an

8o

ortho-rectified OLI image subsequently resampled
to 10 meters.

The thematic classification was performed using
the data mining RF algorithm. In order to improve
classification accuracy, a previous calibration step
was required to define the parameters “ntree”
(number of trees in the forest) and “mtry” (number
of variables at each split node) (MILLARD and
RICHARDSON 2015). By default, the “ntree”
parameter is 5oo trees and “mtry” is the square root
of the number of input variables, in this case 6.

RF was processed by combining the “ntree” and
“mtry” in order to obtain the lowest classification
error, starting with “ntree” = 100 and “mtry” =1, and
changing “ntree” from 100, 200, 300... 1000 and mtry
from 1to 35. The set of combined attributes with the
minimum error was used for land use mapping.

Validation of the classification results was assessed
using a separate set of samples supported by
ground-truth information.
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Figure 2. Land use/land cover map derived from the Random Forest classification using the hybrid set of

PALSAR-2 and OLI attributes.

Results

The hybrid PALSAR-2 and OLI classification (Figure
2) produced an overall accuracy of 82.41% and a
Kappa of 0.8, which is a good result due to the large
number and complexity of the classes.

The parameters “ntree” and “mtry” that produced
the lowest error in the RF calibration were goo trees
and 11 variables at each split node, respectively. This
result highlights the importance of the previous step
of RF calibration to find the optimal parameters
for land use classification. The most important
RF variables, according to the mean decrease in
accuracy of the variables, were the reflectance of
band 5, followed by the EVI. For PALSAR-2, the
most important attributes were the GLCM metrics
of contrast for the HV and HH polarizations,
respectively.

Conclusions

The synergistic use of OLI and PALSAR-2 attributes
improved the classification of a complex transition
landscape, formed by a large number of classes
(27). The most important optical attributes for RF
classification were the reflectance of band 5 and the
EVI, whereas the most important SAR metric was
the GLCM contrast for the HV and HH polarizations.
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Tandem-L Global Observation of forests with Two L-Band SAR
Satellites - Tandem-L
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Tandem-L is a proposal for a highly innovative
L-band SAR satellite mission for the global obser-
vation of dynamic processes on the Earth’s surface
with hitherto unparalleled quality and resolution (10
m). Main mission goals are the global measurement
of 3-D forest structure and biomass for a better un-
derstanding of ecosystem dynamics and the carbon
cycle, and high-resolution measurement of varia-
tions in soil moisture close to the surface. In addi-
tion the satellite mission can be used for systematic
recording of deformations of the Earth’s surface for
earthquake research (with millimeter accuracy) and
quantification of glacier movements and melting
processes. For this mission different bio/geo-phys-
ical information products have been developed and
evaluated based on a larger number of field cam-
paigns in the HGF Alliance “"Remote Sensing and
Earth System Dynamics” (EDA) .
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The presentation will give an overview on the Tan-
dem-L project and main results of the field cam-
paigns concerning forest structure and biomass.
Based on the German forest inventory (including
goo0 forest plots, 4 km grid) and remote sensing
data (L-Band Radar, Lidar) we calculated two indi-
ces describing the vertical and horizontal structure
of forests (16 classes). Forests in Germany feature a
low heterogeneity in vertical structure and a high di-
versity concerning horizontal structures. Classifica-
tion by remote sensing can be compared to ground-
based classifications. For 89 % (57 %) of the forest
plots the correct vertical (horizontal) structure type
could be predicted by remote sensing. In addition,
we show that height-biomass relationships for for-
ests can be improved by including forest structure
indices.
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Temporal Albedo Dynamics in Boreal Forest Fire
Scars Using Higher Resolution Albedo Products from
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The Landsat Albedo Product provides higher
resolution albedo values by coupling 3om Landsat
surface reflectances with concurrent 5oom
Bidirectional Reflectance Distribution Functions
(BRDF) Products from the Moderate Resolution
Imaging Spectroradiometer (MODIS) (Shuai et al.,
2011, 2014, Wang et al 2015). This approach has
beenextendedtogeneratea2o-mresolutionalbedo
product from Sentinel-2A MultiSpectral Instrument
(MSI) reflectance bands with configurations
similar to Landsat sensors. In addition, the 12-
bit radiometric fidelity of both the Sentinel-2A
and Landsat-8 satellites allows for the inclusion of
high-quality, unsaturated surface reflectance and
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albedo calculations over snow covered surfaces.
The validation of these products over spatially
representative tower sites has shown the albedo
values from both Landsat-8 OLI and Sentinel-2A
MSI agree well with the ground measurements,
with snow and snow-free RMSEs for OLI of 0.0426
(n=28) and 0.0191 (n=89) respectively (Wang et
al., 2015) and a snow-free RMSE of 0.004 (n=4)
for MSI (Schaaf et al., 2016). MSI snow albedo
is under assessment and will be presented at
ForestSAT 2016. The increased temporal resolution
provided by multiple instruments allows a better
understanding of albedo dynamics in historically
difficult imaging locations.
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Figure 1: Validation of the Landsat-8 Blue Sky Albedo Product at six tower sites in North America. The

overall RMSE for the combined product is 0.0267
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North American boreal forest fires have increased
in both frequency and severity over the past four
decades. This trend is expected to continue as
surface temperatures continue to rise and fire
season lengthens. As such, understanding both
the immediate and long term effects of these fires
on radiative forcing and the carbon budget will
become increasingly more important. We focus
this investigation on the seasonal variation within
several recent boreal forest fires scars in Alaska
and central Canada. We examine the impact of
landscape heterogeneity and fire severity on the
albedo in the growing and dormant seasons and
quantify the effects of over story canopy loss and
changes in snow exposure on radiative forcing.
Recent work on early spring albedo of fire scars
has illustrated that both burn severity and early
spring albedo show significant post-fire spatial
heterogeneity at the landscape scale and highlights
the need for a continued high temporal and spatial
resolution data record. This synergistic approach,
combining multiple data sources to create a more
comprehensive data record of land surface albedo,
will enhance our understanding and projection of
the carbon cycling and radiative forcing of these
spatially heterogeneous and temporally dynamic
ecosystems under a changing climate.
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Terrestrial LIDAR and 3D Reconstruction Models for
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Abstract:

Tropical forest biomass is a crucial component on the estimation of carbon emissions in context of
REDD+. However, calibration and validation of such estimates requires accurate and effective methods
for in-situ estimation of above ground biomass — AGB. The most common method uses allometric
equation to indirectly estimate AGB from tree parameters as diameter, species and height. This
approach has been reported as major source of uncertainty in tropical large trees. On the other hand,
terrestrial LIDAR (Light Detection and Ranging) has demonstrated to be more accurate to infer forest
AGB in a non-destructive and more direct approach. This method has been applied and validated in an
open Eucalyptus in Australia. Nevertheless, application on tropical forest trees still has its challenges,
mostly due to occlusion, tree structural complexity and large scale application. We propose a method
to estimate AGB from individual tropical trees by estimating tree volume from terrestrial LIDAR point
clouds.

Nine plots of 30 x 40 m were scanned with a Riegl VZ-400 terrestrial laser scanner — TLS following a
spatial grid covering three study sites (Peru, Indonesia and Guyana). We identified the largest tree
per plot, extracted its point cloud and calculated tree wood volume by modelling 3D tree architecture
using quantitative structure models (TLS-QSM method). To validate our method, we harvested the
scanned trees, took detailed measurements of stems and all branches up to 10cm and reconstructed
tree volume as well. Then, tree wood volume was converted to AGB using species-specific wood
density values. To compare TLS estimates with present methods, we estimated AGB using
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The Global Ecosystems Dynamics Investigation:
Current Status

Spaceborne lidar has been identified as a key
technology by the international ecosystem science
community because it enables accurate estimates of
canopy structure and biomass and forms the basis
for fusion approaches with existing and planned
missions, such as the NASA's ICESat2, ECOSTRESS
and OCO3 missions, and extends the capabilities
of radar missions such as the NASA-ISRO SAR,
Tandem-X and the ESA BIOMASS missions. The
Global Ecosystems Dynamics Investigation (GEDI)
is a space-based lidar instrument scheduled for
launch in late 2018. From its vantage point on the
International Space Station, GEDI will provide high-
resolution observations of forest vertical. These data
will be used to address three core science questions:
What is the aboveground carbon balance of the
land surface? What role will the land surface play in
mitigating atmospheric CO2 in the coming decades?
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How does ecosystem structure affect habitat quality
and biodiversity? GEDI informs these science
questions by making billions of lidar waveform
observations per year. These canopy measurements
are then used to estimate biomass and in fusion with
radar and other remote sensing data to quantify
changes in biomass resulting from disturbance and
recovery. GEDI further marries ecosystem structure
from lidar with ecosystem and habitat modeling
to evaluate the impact of changes in land use and
climate on carbon sequestration and biodiversity. In
this talk we present an overview of the GEDI mission
and its current implementation status. We first
review its major science objectives and planned data
sets. We then summarize GEDI algorithms and our
approach to calibration and validation. Lastly, we
provide the status of the instrument hardware build,
as well as expected technical performance details.
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The Potential of Multitemporal and Polarimetric Features
Derived From Sentinel-1 Data for Forest Parameters Retrieval

Ziolkowski Dariusz*, Hoscilo Agata®, Lewandowska Aneta*, Sterenczak Krzysztof*

*Institute of Geodesy and Cartography, *Forest Research Institute

Keywords: Sentinel-1, Above_ground biomass, multitemporal analysis, polarimetry

The aim of the study is to show potential of
multitemporal and polarimetricanalysis of Sentinel-1
data for forest parameters retrieval within various
forests of temperate zone. The C-band SAR data are
not commonly used for forest parameters retrieval,
especially for biomass studies, due to the saturation
effect of backscattering coefficient even for low
biomass values. The launch of Sentinel-1 data with
12-day’s temporal resolution gives the possibility for
new methodological approaches to overcome this
problem, especially using multitemporal analysis of
the data.

The research was carried out on two study areas in
Poland: Suprasl and Piensk. There are various types
of forests on both test sites: deciduous, mixed and
coniferous, each of them located on fresh and wet
habitats. Two sets of ground truth data were used:
data from Forest Digital Maps which offers many
forest parameters determined for forest plots and
field measurements for oo sample plots of 25m
radius for each study area. For each of them many
various forest parameters were available i.e. tree
height, DBH (diameter at breast height), stock
volume, AGB (Above-ground biomass), density and
species. Meteorological data were also collected for
the whole period.

The setof30dual-polarization (VVandVH)successive
Sentinel-1 images acquired in 2015 were used.
The data were co-registered, calibrated and then
divided into two sets of images (trees with leaves
and without leaves). Then each of sets of images
was filtered separately using multitemporal filters.
Then various temporal statistics were generated for

both sets of the data. Independently polarimetric
processing of the data was also performed.

The change of backscattering coefficient during
the whole season and its correlation with forest
parameters (AGB, tree height and DBH) were
analyzed for the all sample plots together and
also separately for the particular forest types. The
analysis was performed in conjunction with the
variability of meteorological conditions. Next spatial
variability of temporal statistics for individual pixels
and its relation with forest parameters were studied.
The results of temporal analysis were compared
with spatial and temporal behavior of polarimetric
signatures.

First results show that the correlation of
backscattering coefficient with forest parameters is
changingalotduringtheyear.Theyareinaccordance
with variation of hydrothermal index. The best
correlation of VH polarization with stem volume was
observed at the beginning of October 2015 during
the very dry conditions. The character and strength
of the correlation is different for particular forest
types, what can be seenin the best way in the case of
coniferous forests located on fresh and wet habitats.
Both of them are characterized by the strongest
correlations with backscattering coefficient but the
second one is negative. Great spatial variation of
multi-temporal features even within the same forest
types suggests big heterogeneity of forests which
is confirmed by spatial and temporal variability of
scattering mechanisms derived from H/A/Alpha
decomposition. Both methods have great potential
forimprovements of the results.
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Towards an “all-in-one sensor” for forestry
applications — estimating forest density, species composition
and biomass from stereo WorldView-2 data

Fabian Ewald Fassnacht?, Daniel Mangold®, Jannika Schéfer’, Hooman Latifi?

* Institute of Geography and Geoecology, Karlsruhe Institute of Technology (KIT), Kaiserstrafse 12, 76131 Karlsruhe,
Germany
2University of Wuerzburg, Department of Remote Sensing in Cooperation with German Aerospace Center, Oswald-Kuelpe-
Weg 86, 97074 Wuerzburg, Germany.

Keywords: WorldView-2, photogrammetric height information, very high resolution data, biomass, forest
density, tree species.

Over the last years, efforts were made to estimate
forest inventory attributes from airborne LiDAR,
multispectral and hyperspectral data. Although,
airborne data were found to be suitable for many
applications they are still commonly regarded as
being expensive compared to the cost of satellite
products. Since recently, the application of stereo
pairs of very high-resolution multispectral sensors
(VHRMS) such as WorldView-2 has been discussed as
an alternative to spatially estimate forest inventory
parameters. The VHRMS enable the simultaneous
collection of spectral and structural information via
stereo photogrammetric approaches.

In this study, we used VHRMS data to spatially
estimate forest biomass with an approach that
imitates the field measured biomass estimations. In
a first step, the three key-parameters of forest type
(tree species), forest density (stem count per ha) and
height (as a proxy for DBH) were estimated from a
pair of WorldView-2 images acquired in 2013 over a
temperate central European forest in Germany. In
the second step, the obtained parameters served as
aninputtoaregression model of aboveground forest
biomass. Corresponding field data were collected in
three surveys during the period between 2013 and
2015.

Preliminary results of Random Forest models and
few predictor variables representing spectral,
textural and structural information resulted in
moderate to good estimates of forest density (r* =
0.68) . Classification of forest types using Support
Vector Machines led to high accuracies, including
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kappa > 0.95 when considering only four classes
(broadleaved, coniferous, shadow and soil) and
kappa = 0.77 when considering 7 tree species. The
subsequent estimation of aboveground forest
biomass using forest type, density and additional
height information derived from a photogrammetric
point cloud returned reasonable results (12 = 0.58
obtained with Random Forest). The wall-to-wall
predictions (Figs. 1+ 2) agreed well with the expected
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Fig 1: Forest density map.
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Fig 2: Biomass estimated for the study area.

spatial distributions of stand densities and biomass
within the study area.

Further refinements of the described methodology
by integrating pre-knowledge on the relationships
amongst forest density, forest type and height in the
biomass models are foreseen. In addition, variables
describing the average crown diameters of the
reference areas will be integrated to further improve
the biomass models.

Our preliminary results suggest VHRMS data
as viable alternatives to airborne data to obtain
useful estimations of forest inventory parameters.
Further investigations, including more diverse forest
scenarios and varying sensor settings are required to
draw more consistent conclusions on the suitability
of the presented approach.

89



Development of Methods

Universidad Mayor

Tropical forest degradation monitoring: Radiometric issues
of using both Landsat 8 and Sentinel 2 in one time series

Manuela Hirschmugl, Mathias Schardt, Roland Perko
Joanneum Research Forschungsgesellschaft mbH
8010 Graz, Austria
manvela.hirschmugl@joanneum.at

Viktoria Schell, Carina Sobe
Graz University of Technology
Graz, Austria

Keywords: forest monitoring, remote sensing, geometric and radiometric adjustment

Abstract

For continuous monitoring of forest disturbance and re-growth dynamics with high temporal and spa-
tial resolution, a dense time series of data is needed. Sentinel-2 and Landsat8 are the sensors, which
are currently delivering optical data globally and free of charge. This study investigates, how data from
both sensors can be integrated in a time series analysis for forest degradation monitoring in tropical
areas in Malawi and Peru. Geometric inconsistencies exist and need to be eliminated before conside-
ring a time series classification approach. The differences could be removed by an automated image
matching procedure. Radiometric differences in the raw data are reduced by using surface reflectance
products (Landsat8) and Sen2Cor results (for Sentinel-2). The still remaining differences, mainly in the
NIR and SWIR band, could be corrected by relative radiometric adjustment. First analysis of time series
data show, that the magnitude of these remaining differences is much smaller than the magnitude of
forest changes. Therefore, data from both sensors can be jointly used in a time series classification.

Introduction

The aim of the EOMonDis project is to develop a
system which allows spatial-explicit, wall-to-wall,
continuous monitoring of forest disturbance and
re-growth dynamics with high temporal and spatial
resolution. In order to do so, a dense time series is
needed, which can only be achieved by employing
multiple sensors in tropical conditions with frequent
cloud cover. Although Sentinel 2 will — once the 2B
satellite is in orbit too — deliver images every 5 days,
there are still some limitations. First, in order to mo-
nitor changes, the natural variations need to be un-
derstood and these variations can only be observed
in the past, where Sentinel data had not yet been
available. Further, even with a high revisit rate such
as the one from Sentinel 2, there is still the matter
of cloud cover, which may be reduced by more fre-
quent images taken from different sensors. Therefo-
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re, the objective of this study is to integrate Landsat
8 and Sentinel 2 data in one time series data stack
for follow-up joint processing. The issues are investi-
gated in two testsites: Malawi and Peru.

Methods

Geometric adjustment

While in some areas and test sites, the geometric
accuracy between Landsat 8 and Sentinel 2
orthorectified images is already sufficiently high,
others still show significant geometric shifts,
which have to be corrected before moving on
to investigating radiometric issues. In order to
correct geometric differences, a multi-modal
matching technique was used. The developed fully
automatic image matching procedure [1] using the
mutual information method (based on [2]) leads to
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improved geometric congruence between the two
data sets. The specific matching strategy proposed
for this project starts with a pre-processing step that
upscales the Landsat data to the reference Sentinel
—2data. Next, the histograms of the filtered images
are compressed using a quantile processing. A lower
and upper threshold representing a given quantile of
the datadistribution (e.g. 1% and 99%) are calculated
and used to compress the histogram to a given
number of values. This technique helps the following
up matching procedure as the joint histograms are
then better populated and thus a larger number of
correct matches are found. A compression to 64 bins
yields best results. The areal matching paradigm
is based on mutual-information maximization.
The main idea is that the joint entropy of two
image patches is minimized, when the patches are
correctly aligned. Therefore, a maximization of
the MI measure corresponds to a maximization of
clusters in the joint entropy and to a minimization
of the joint entropy’s dispersion. To get normalized
similarity measurements the entropy correlation
coefficient is used, which maps the normalized
mutual-information to the domain [o,1],

2H(X,Y) (@)

ECC(X,Y)=2-
H(X) +H(Y)

with H(X) and H(Y) being the individual entropies and
H(X,Y) the joint entropy of image patches X and (cf.
[2]). In contradiction to e.g. the normalized cross-
correlation (NCC) method, which is just invariant to
linear mappings between the values of the images
to be matched, the Ml method can also handle
non-linear dependencies. In our tests best results
are achieved with 15ixaga pixel windows for M
calculation. A sub-pixel measurement is achieved by
fittingapolynomialusingthe3x3neighborhood ofthe
entropy’s correlation peak and analytical calculation
of its maxima. Since, a rigid transformation between
the two datasets is assumed, it is sufficient to match
points on a regular grid (dense image matching
would be an overkill for this application). Using
these vectors, a rigid transformation is estimated
by solving an over- determined equation system
in the least-squares sense. The parameters of the
estimated transformation are then used to register
the Landsat data to the reference Sentinel - 2 data.
In the last step of the adjustment, a resampling from
30 to 10m resolution is performed.

Radiometric evaluation

Radiometric differences need to be investigated, as
the gray level differences between intact and de-
graded forests can be very small. For Landsat 8, the
surface reflectance product [3] has been used, pro-
cessed before July, 1%, 2016, i.e. there are still some
artifacts in the resulting images, which are mainly
problematic in the blue band, which has not been
used in the current analysis. For Sentinel 2, both the
raw data as well as the result of the Sen2Cor atmos-
pheric correction [4] are analyzed. For the radiome-
tric analysis, reference areas, which have not been
visibly changed between the image acquisition da-
tes, were selected from VHR data and Landsat / Sen-
tinel images for both test sites. For the three clas-
ses: water, bare soil and pine plantations (Malawi)
and natural forest (Peru), areas were selected and
mean values obtained from two Sentinel images and
one Landsat image. Different statistical values were
calculates such as: Coefficient of correlation, mean
absolute difference and difference in percent of
the variation of each land cover class. These values
were calculated both for the comparison between
the two Sentinel images as well as between Sentinel
and Landsat. Relative radiometric adjustment was
applied in order to see, if the remaining differences
can be reduced. The regression coefficients for the
relative radiometric adjustment are calculated wi-
thin areas which define so-called pseudo-invariant
features (PIFs). The program uses an automated pro-
cess where PIFs are derived by utilizing a correlation
coefficient within a certain window size. This allows
to use images with remaining cloud areas without an
effect on the radiometric adjustment.

Finally, for the Peru test site, a time series involving
both Sentinel and Landsat images was build. Seve-
ral intact forest areas are compared to degradation
areas during the same time period in order to analyze
the magnitude of difference between the sensors in
comparison to the magnitude of the change to be
detected.

Results

Geometric adjustment results

The automatic geometric adjustment worked very
well in both test sites. Fig. 1 shows the Sentinal-2
image on the left and the Landsat image on the ri-
ght side for the Peru test site. In the top comparison,
a clear north-south shift is visible, which could suc-
cessfully be corrected by our automatic adjustment
procedure (bottom).
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Fig. 1. top: Geometric shift between Sentinel (left)
and Landsat 8, bottom: Landsat image adjusted to
Sentinel 2 geometry

Radiometric evaluation results - Malawi

For the three classes: water, bare soil and pine
plantations, areas were selected and mean values
obtained from two Sentinel images (26.12.2015 and
05.01.2016) and one Landsat 8 image (12.11.2015).
The results show that the raw Sentinel 2 data
sets are already radiometrically stable. For the
shorter wavelengths, the difference is higher due
to atmospheric influences than for the longer
wavelengths (R2=0.83inblue bandvs. 0.93inthe NIR
band). After atmospheric correction with Sen2Cor,
the R? value changed only marginally. Comparing
the two Sentinel images, the mean of absolute
differences for all selected areas is higher in the raw
data (blue band: 1152; NIR band: 1871) compared to
the Sen2Cor result (blue band: 477; NIR band: 285).
Despite the differences in band width, the
compliance between Sentinel 2 Sen2Cor result of
2015 to the Landsat8 data showed an R? of 0.97 for
the NIR band and 0.73 for the blue band. The mean
of absolute difference for all selected areas is 344
(blue) and 423 (NIR).

In order to get a better evaluation of the magnitude
of these values, we calculated the variance for each
class (water, bare soil and pine plantations) solely in
the Sentinel reference scene from 05.01.2016 (Table
| — second column). This variance is defined as the
difference between the maximum and the minimum
mean value per polygon for each land cover class in
the reference data set. It shows that bare soil has the
highest variance in all bands, followed by water areas
and pine plantation. This is logical, as plantations
tend to be very homogeneous. In the next step, the
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difference values per polygon between the Sentinel
(Ref)andthe Landsat8respectively Sentinel (In) were
calculated. Next, each of these difference values
is expressed in percent of its land cover’s variance.
Some polygons show a high difference, some a low
one. This led to the values shown in Table | - columns
three and four. The table reads: the difference
between the same water areas in Landsat8 image
and Sentinel reference image in the red band shows
between 5 and 88% of the difference within all water
areas in the Sentinel reference scene alone. As long
as the values are below 100% it means that involving
an additional image would not add to the variance
of the land cover class. Considering this, it can be
seen that for the two Sentinel images, the values
remain below 100, while for Landsat, the differences
are higher. In case of the pine plantations, the
differences are about 20 % higher, for bare soil, it is
similar in red and SWIR, but higher in the NIR band.
The difference in water areas in the NIR and SWIR
bands are extremely high. One reason for these
larger differences may be found in the different time
of data acquisition, as the Landsat image and the
Sentinel reference image are almost two months
apart.

TABLE I.
SENTINEL AS WELL AS LANDSAT & SENTINEL FOR MALAWI

DIFFERENCES PER LAND COVER BETWEEN SENTINEL &

Band Variance per LC | Difference as % of Variance
(Sentinel Sentinel (In) Landsat
reference image | (26.12.2015)- (12.11.2015) -
only) Sentinel (Ref) Sentinel (Ref)
(05.01.2016) (05.01.2016)
Water: 877 2-64% 5-88%
RED Bare soil: 1929 2-62% 10-51%
Pines: 179 29-87% 19-113%
Water: 225 5-80% 246 -390 %
NIR Bare soil: 1621 10-63 % 16 - 116 %
Pines: 2105 1-84% 2-102 %
Water: 260 6-33% 188 — 282 %
SWIR Bare soil: 3399 15-39% 9-44%
Pines: 774 13-80% 31-107%

Radiometric evaluation results - Peru

In the Peru testsite, also two Sentinel 2 scenes and
one Landsat 8 scene were used for the radiometric
comparison. Sentinel data were acquired on
11.12.2015 and on 10.01.2016. The Landsat 8
scene was acquired on 06.12.2015. Thus the time
difference between Landsat and Sentinel is only six
days. The differences in percentage of the variance
per land cover are shown inTable Il (same calculation
method as for Table 1). The values indicate that the
time difference between the image acquisitions is as
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important as the sensor. Also there is a difference in
the different bands: while the red band of Landsat
and Sentinel corresponds very well, the NIR band
is worse. The SWIR bands show similar difference
values for Landsat-Sentinel as for Sentinel-Sentinel.
After application of relative radiometric calibration,
the values change in different band differently.
While the red band becomes worse, especially in
forest areas, the NIR values are improved. Based on
this statistics, no definite recommendation on the
improvement by relative radiometric adjustment
can be given.

forest areas, because the spectral difference in a
change area is of a much larger magnitude than the
difference by the sensors. It also shows that relative
radiometric adjustment improves the continuity of
the data in the time series. This will be even more
important, if the degradation features are not as
clear as in Peru, where degradation is basically small
patches of deforestation (smaller than the minimum
mapping unit for deforestation and therefore
considered as degradation). In other tropical areas,
other degradation patterns such as selective logging
occur.They are more difficult to detect. In such cases,
a consistent time series is a prerequisite. In general,
integration of more scenes and testing in other areas

TABLE II. DIFFERENCES PER LAND COVER BETWEEN SENTINEL &
SENTINEL; LANDSAT & SENTINEL ANS LANDSAT CALIBRATED & SENTINEL has yet to be applied to draw a final conclusion.
FOR PERU
Band Variance Difference as % of Variance
per LC J Sentinel (In) Landsat Landsat calib a1
(Sentinel (10.01.2016)- | (06.12.2015)— | (06.12.2015) —
reference Sentinel (Ref) | Sentinel (Ref) | Sentinel (Ref) !
image (11.12.2015) (11.12.2015) (11.12.2015) <
only) '
Water: 86 184- 265% 9-120% 9-117% a3
RED Bare soil: 15-82% 5-58% 93 -147%
735 g @
Forest: 21 31-197% 5-57% 303 —363 % £ g
Water: 39 382 - 489 % 370 -581 % 431-730% fge1
NIR Bare soil: 36 -90 % 68 - 121 % 42-93% 0
1060
Forest: 544 3-34% 29-115% 3-56% e T ——
Water: 159 73-145% 19-140% 7-44% vy ?—%
SWIR Bare soil: 46 - 96 % 35-92% 52 -115% =
1329 oL
Forest: 222 5-37% 566 % 2-46% P - e
F G

Time series results

In order to apply the values in a time series, a first
attempt was performed in the Peru test site for
intact forests and changed areas. Normalized
difference infrared index 7 (NDIl7) was calculated
for all images and printed in a timeline. The time
series consists of five Sentinel 2 images (22.10.2015,
11.12.2015; 10.01.2016; 10.03.2016; 18.06.2016)
and three Landsat scenes (06.12.2015; 15.06.2016;
01.07.2016). The timeline without additional relative
radiometric adjustment for the Landsat scenes is
plotted in Fig.2. It can be seen, that the values of
the Landsat image show clear differences from
the Sentinel time series, but the magnitude of the
difference is smaller than the magnitude of the
change. Fig. 3 shows the same timeline with the
calibrated Landsat images. The timeline is much
smother, the sharp turns mostly gone or at least
smaller in magnitude. From this first analysis it
appears that classification from a combined time
series is possible to detect degradation features in

Fig. 2. Forest and changed areas in a combined
Landsat —Sentinel timeseries
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Fig. 3. Forest and changed areas in a combined
Landsat — Sentinel timeseries with additional
radiometric calibration of Landsat images
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Conclusion and Outlook

In a preliminary conclusion, the combination of
Landsat8 surface reflectance product and the
Sentinel-2 Sen2Cor result in one time series is
possible. Remaining differences can be reduced
by application of relative radiometric adjustment.
Further work to be done consists of improved
cloud elimination, as the existing cloud masks from
Sentinel-2 and also Landsat 8 still do not cover all
cloud areas. These remaining cloud areas need to be
classified through the time series classification, as
manual delineation is too tedious and too expensive
for the large amounts of images to be processed.
Further, a temporal filtering approach to fill the
cloud gaps is already available and needs to be
applied before finally moving on to classification of
the change areas. This classification will be done in a
trajectory fitting approach [5].
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Tropical forest height and structure estimation from
AfriSAR campaign PolInSAR data in Gabon
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Aim

The goal of this contribution is to present our first
results of canopy height and vertical structure
estimation  from  polarimetric-interferometric
radar (PolInSAR) data collected in Gabon during
the February 2016 AfriSAR campaign. The AfriSAR
campaign was a joint effort between NASA and the
European Space Agency (ESA) to acquire airborne
and field data over African tropical forests in support
to forthcoming spaceborne missions, including
NISAR, GEDI and BIOMASS. NASA acquired 39.6
flight hours of data with the JPL's L-band UAVSAR
radar instrument and 32.4 flight hours of data with
the LVIS lidar instrument over g different sites in
Gabon for calibration, validation, and new algorithm
demonstration of various ecosystem science
products.

Materials

Here we focus on the UAVSAR dataset of g PolInSAR
images (~20 km x 40 km, 0.6m x 1.8 m level-1
resolution) acquired over the northern part of the
Lope National Park in Central Gabon to demonstrate
extractionofcanopyheightandverticalstructure.The
gradient of forest biomass from the forest-savanna
boundary (< 100 Mg/ha) to dense undisturbed
humid tropical forests (> 400 Mg/ha) makes Lope an
ideal site for PolInSAR algorithm assessment. The
UAVSAR dataset is fully polarimetric and has been
acquired by incrementing the aircraft altitude by 20
m at each flight track in order to acquire data from
different look angles and resolve vertical structure.
Several LVIS lidar flights have been also conducted
contemporary to UAVSAR to retrieve canopy height
and structure. Field data are available from previous

field campaigns as well as from the current the 2016
campaign.

Methods

We apply model-based PolInSAR technique (Cloude
and Papathanassiou, 1998) and polarization
coherence tomography (PCT) technique (Cloude,
2006) to extract canopy and vertical structure of
tropical forests from UAVSAR data. In PolInSAR,
wave polarization (e.g, HH, HV, VV or arbitrary
combinations of these channels) is used to identify
distinct structural components of the forest
(understory, stem, foliage, etc.) and interferometry
is used to locate the vegetation component
along the vertical direction — thus providing a
measurement of 3D vegetation structure. PolInSAR
models such as the RVoG or RMoG models (Lavalle
and Khun, 2014; Lavalle and Hensley, 2015) allow for
direct estimation of canopy height. PCT technique,
instead, assumes arbitrary vertical structure with
enhanced flexibility in parameter retrieval at the
expenses of data processing.

Results

We will show maps of canopy height and vertical
structure estimated via PolInSAR and PCT
techniques from multi-baseline UAVSAR data. Error
on the radar-derived canopy height is expected to
be ~15-25% and will be accurately assessed against
LVIS lidar-derived canopy height. Radar-derived
vertical structure and lidar-derived vertical structure
will be compared to assess the relative differences
as well as explore complementarity that may lead
to new radar-lidar fusion algorithms. Field data will
be also considered for assessing the quality of the
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radar-derived structural parameters, as well as to
convert maps of radar-derived structural parameters
to above-ground biomass.
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Two Phase Assessment System for the Effective Monitoring of
Tropical Forests

Mathias Schardt, Forschungsgesellschaft Joanneum Research, Austria

Based on increasing demands for information on
forests new methods for effective forest inventories
in tropical countries are to be developed in order to
save costs and / or to increase accuracies. Research
in this field has been very dynamic in recent years
producing a wealth of new ideas and approaches
including state-of-the-art technologies such as
remote sensing, mapping as well as inventory
designs. The challenge, particularly in the context of
tropical and sub-tropical countries is how to make
such comprehensive assessments most cost-effective
while achieving desired international standards.

Behind this background a pilot project was initiated
by the Austrian Natural Resources Management and
International Cooperation Agency (ANRICA) and the
Surinamese Foundation for Forest Management and
Production Control (SBB) aiming at the development
of an effective forestinventory system.The proposed
approach is based on two main concepts: a)
comprehensive statistical sampling methodologies
(to dramatically reduce costs by meeting high
international accuracy standards at the same time)
and a two phase approach by combining aerial and
terrestrial data. The cost reduction is achieved by
substantially reducing field work due to a reduced
number of field plots to be measured.

The remote sensing phase was composed by CIR
aerial photos and 3D canopy models derived from
photogrammetry. Additionally a LiDAR campaign
will be carried out in autumn this year in order
to derive tree heights and digital terrain models.
Aerial based acquisition of remote sensing data
in countries without any local facilities for data
acquisition is very cost intensive since a special
airplane needs to be transferred to the country
which causes high additional costs. To overcome
this problem Joanneum Research has developed the
mapping system ADAM-C (airborne data acquisition
and mapping for Cessna) that can be mounted
on the wing strut of any Cessna 182 and 206 and,
therefore can be operated worldwide. The system

consists of a Phase One Camera (80MP), Rieg|
Laserscanner 580, IMU (inertial measuring unit) and
a GPS system receiver. The terrestrial phase of the
inventory system comprises of terrestrial sampling,
whereas the sampling intensity was set up based
upon the national accuracy requirements for the
data collected on timber stocks and Above Ground
Biomass (generally set at no less than 5% accuracy).
That's why for the pilot project, primarily data on
these two parameters was collected. The terrestrial
phase was carried out by measuring field plots
according to good forest inventory standards for
terrestrial field inventory defined by the FAO.

The proposed two phase sampling approach uses
parameters extracted from photogrammetric
models to be correlated to with AGB and timber
volume, thus helping to reduce the number of plots
which need to be measured in the field.The key
challenge for this investigation was to find the most
suitable parameters that can be extracted from the
aerial imagery. As a source for this investigation the
following basic data sets were used:

e CIR ortho image mosaic (20 cm resolution)

e DSM from multiple stereo images (20 cm
resolution)

e SRTM terrain estimation

e Infuture also LiDAR data

Overall the tested parameters can be grouped in the
following way:

e Vegetation indices, Texture  parameters,
Forest canopy density, Volume of DSM — DTM
difference, Number of trees, Size of the crowns by
segmentation, Statistical features based on nDSM

Mathematical models combining airborne and field
data on above ground biomass were established and
statistical data analysis has shown that the number
of highly expensive ground plots can be substantially
reduced and, thus, costs of forest inventories
decreased.
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The presentation will concentrate onthe methods for
the remote sensing based assessment of the forest
parameters described above, the correlation of
these parameters with terrestrial AGB assessments
(from terrestrial plot sampling) and on the selection
of the best performing parameters.
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Abstract

Climate change has a major influence on forest health by indirectly affecting the distribution and
abundance of pathogens, as well as the severity of tree diseases. Changing weather conditions may
alsoresultintheintroduction of non-native invasive pest species. The detection and robust monitoring
of affected forest stands is therefore crucial for allowing management interventions to reduce the
spread of infections.

Stress induced by an invasion of insects or onset of disease manifests itself in tree foliage, and
may result in a variety of changes to plant’s physiological processes. When a plant is under stress,
stomatal closure occurs to help reduce water losses and prevent the entry of microbes and host tissue
colonisation. This mechanism can cause an increase in leaf and canopy temperature.

Nevertheless, there has been limited research into the use of thermal remote sensing for tree health
monitoring as required high spatial resolution data is usually obtained with low temporal frequency.
Newly emerging technologies, such as unmanned aerial vehicles (UAVs), could supplement aerial data
acquisition, but sensor development is still in the early stages. This project investigates the use of
airborne and UAV-borne sensors for detection of disease symptoms, in particular low-cost UAV-borne
microbolometer thermal system for monitoring disease-induced canopy temperature rise.

The research is based in Queen Elizabeth Forest Park, Scotland, where research plots were established
in pine stands, exhibiting various stages of stress. Extensive structural measurements of sample trees
were collected, including visual estimation of red band needle blight infection level. Infection level
was expressed as percentage of total unsuppressed crown volume in 10% steps, where a score of 20
indicates that 20% of crown was diseased. To compliment this, a number of needle samples were
collected for leaf spectral reflectance measurements. These measurements accompany airborne
hyperspectral, thermal and LiDAR data, as well as a thermal UAV-borne imagery collected in 2014.

Initially, calibration of the microbolometer camera was performed in laboratory, revealing non-
uniformity across the imagery, which was minimised using a two-point calibration technique. Further
laboratory trials involved altering the camera’s temperature throughout imaging. These indicated that
the imager maintains stable radiometric calibration across different temperatures, unless exposed to
very rapid changes (> 0.2 K/min).

The derived calibration parameters were applied to test datasets of UAV-borne imagery. These were
georeferenced by registration to a LiDAR-derived canopy height model. At canopy level, the comparison
of tree crown temperature recorded by the thermal camera suggests a small temperature increase
related to disease progression; indicating that UAV-borne cameras might be able to detect sub-degree
temperature differences induced by disease onset. The influence of acquisition timing on the signal
was tested with repeated flights over the survey plot during summer 2015 at different times of the day.

This paper will present results of UAV-borne thermal imaging for detection of disease-induced canopy
temperature increase, as well as preliminary analysis of the acquired airborne data.
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Abstract

The Swedish national land survey (Lantmdteriet) has scanned all of Sweden with airborne lidar. Based
on these data, the Swedish University of Agricultural Sciences (SLU) and the Swedish Forest Agency,
has made nationwide forest attribute maps, which are freely available over internet. These prediction
maps were made using the area based method and regression functions with national forest inventory
plot data asresponse variables (Nilsson et al., 2016). In addition, most large forest companiesin Sweden
have made similar lidar based prediction maps from the same national lidar data, but using their own
reference plots and ancillary information from their existing forest maps. The existence of the national
lidar data has changed the practice in the forest sector, since essential variables such as stem volume,
basal area, mean stem diameter and Lorey’s mean height, can be automatically predicted with at least
as good accuracy as traditional methods based on field work and air photo interpretation. The national
lidar scanning did however start year 2009 and most forest areas were scanned during the years 2010 -
2012. There is no decision yet to repeat the national lidar scanning, but Lantmateriet has an ambitious
air photo program. Point clouds from digital photogrammetry provides good height estimates, but
compared to lidar, less good estimates of the canopy density (Bohlin et al. 2016). Hence, for example
volume and basal area are estimated less accurately.

In this presentation, we will therefore present the results from a study were lidar data from 2010 and
2011 is combined with point clouds from digital air photos acquired year 2015. Among the evaluated
methods are the use the old lidar metrics in combination with the height difference obtained when
new photogrammetry data is added. The test area is 1 million ha area 100 km north Stockholm. The
estimations will be trained with national forest inventory plot data from 2015 and the validation will be
done for 100 stands which are field surveyed with 8 — 10 plots per stand. The products will be produced
intwo versions: using only commonly available data which corresponds to a possible future nationwide
product; and using also company specific information, which corresponds to possible future products
to be used internally in the forest companies.

References
Nilsson, M., Nordkvist, K., Jonzen, J., Lindgren, N.,
Bohling, J., Bohlin, I., Jonzén, J., Nilsson, M. Axensten, P., Wallerman, J., Egberth, M., Larsson,
2016. National forest attribute map using S., Nilsson, L., Eriksson, J., Olsson, H. 2016. A
stereophotogrammetry of aerial images, the nationwide forest attribute map of Sweden using
national terrain model and data from the national airborne laser scanning data and field data from
forest inventory. Submitted. the national forest inventory. Submitted.
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The forthcoming NASA GEDI (Global Ecosystem
Dynamics Investigation) mission will install a full-
waveform lidarinstrument onthe International Space
Station for the purpose of measuring global forest
structure. The resulting waveform data is expected
to be strongly correlated with aboveground forest
biomass, and one of the mission’s primary science
products will be a 1-km gridded biomass product.
Grid cell-level estimates must be accompanied by
formally estimated precision. Waveforms will be
collected in spatially discontinuous “footprints”
that will sample, instead of census, each 1-km cell.
Biomass will be modeled at each footprint using
relationships derived from sets of co-located field and
lidar measurements. GEDI’s spatially discontinuous
measurements, combined with the fact that biomass
will be modeled instead of measured at each
footprint, argues for methods based upon a hybrid of
design- and model-based inference.

Hybrid estimators (sensuStahletal., 2016) have been
employed in large-area estimation problems, but

their performance at the scale of 1-km grid cells has
not been thoroughly demonstrated. Two activities
are under way to assess such estimators for use with
GEDI waveforms. First, a simulation-based study
is investigating the general relationship between
estimator performance and variables such as the
size of an estimation unit and spatial autocorrelation
of model residual error. Second, an empirical
study is assessing proposed estimators using GEDI
waveforms simulated from small-footprint airborne
lidar data collected in six diverse sites in the United
States. This latter study addresses GEDI-specific
concerns such as density of instrument overpasses
and strength of the footprint-level biomass
relationship. Relevance of these studies extends
to estimation of biomass across irregularly shaped
areas (e.g. watersheds or countries), as well as to
other sensors that collect high-quality but spatially
discontinuous forest structure information.
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Abstract

Use of image based three dimensional data from unmanned aerial vehicles (UAV) has proven
effective for forest inventories; however limitations in the range of operations of UAV hinder their
use in large scale applications. Use of partial-coverage UAV data may increase precision of purely field
based estimates of forest resource parameters and offer a cost-effective alternative to wall-to-wall
acquisition. In this study, data from UAV collected in systematically distributed blocks and combined
with ground observations in a two-phase design with hybrid inference (UAV,,,) were used to estimate
mean volume and its standard error (precision) for a 7330 ha forest area of interest (AOIl). Hybrid
inference (HYB) rests on probabilistic sampling of auxiliary data (the UAV data) and a prediction model
calibrated with field data that predicts volume across the areas covered with auxiliary data. In the
uncertainty analysis, the sampling variability of the UAV data collection is added to the uncertainty
induced by the prediction model. Because the field data need not come from a probability sample,
the method offers great flexibility in field data collection while it can benefit from the great value of
strongly correlated remotely sensed data to improve precision of estimates. The estimate of precision
of UAV,, . was compared with precision of estimates with from alternative inventory, in terms of design
(one-phase) and estimators (design-based and model-based). Relative efficiency (RE), calculated
as the ratio between the estimated variances of two alternative methods, was used as measure for
improvement in precision between two alternative methods. Additionally the study addressed the
flexibility of HYB inference by including external ground reference observations. The comparison
against a method where a one-phase, design-based estimate based purely on field data revealed that
the use of UAV increased the precision of the estimates (RE = 1.2). The alternative sampling design was
one-phase sampling and the alternative estimators were design-based (DB) and model-based (MB),
respectively. For DB only field-data (FIELD_;) was available while for MB also wall-to-wall airborne
laser scanning (ALS) data (ALS, ) were acquired. Relative efficiency (RE), calculated as the ratio
between the estimated variances of two different methods, was used as measure for improvement
in efficiency for one method over the other. Comparison of UAV,  against FIELD_; revealed that
the use of the former four times more efficient than the latter (RE=4.4) when external observations
were used. This translates to a need for 4.4 times as many field plots under simple random sampling
for a FIELD_, estimate to be equally precise as the UAV,,  estimate. However, when including only
observations from the AOI the RE decreased to 1.2, indicating only a slight increase in precision. Also,
the comparison against the ALS, revealed that for the latter the increase in efficiency compared to
UAV, . was limited (RE = 1.6). The study also demonstrated that the precision under UAV,_ can be
improved when including additional field data from other inventories, highlighting the flexibility of
HYB. Cost estimates for each inventory approach were also compared and discussed, revealing that
UAV may be a cost-effective tool for landscape level forest resource assessment.
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Abstract

The range of Nahuelbuta has an outstanding biogeographic importance and high endemism of flora
and fauna. In this range, the Valdivian temperate forest extends north along the maritime watershed,
while the sclerophyllous forest extends south along the continental slope and northern coastal plain.
The L. fulvipes that inhabits this habitat is considered at high extinction risk due to both demographic
and ecological factors, such as disease, predation by cougars or other fox species. Our study was
conducted in Caramavida using camera traps (N = 84) during October 2011-March 2012 to observe L.
fulvipes, this information was correlated with LIDAR data to generate: elevation model, forest height;
and the raw data were used to estimate the vertical vegetation coverage for seven different layers of
height, cover, leaf area index and vertical complexity index. Our results indicate the presence of 17
positive results with L. fulvipes watch. The presence data and vegetation analyzes indicate correlations
with tree cover larger than 20 meters high and with a high diversity of vegetation in the vertical profile
, which may propose the presence of sites with potential presence and corridors for this species. We
conclude that this methodology can generate highly accurate and relevant vegetation variables that
may provide some guidance regarding which are the areas where a species is potentially distributed
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and the design of corridors that may enrich their habitat.

Introduction

The biogeographic situation of Nahuelbuta Range
and its geomorphological and climatic characteristics
have given rise to environmental heterogeneity
establishing a wide variety of habitats (Mardones
2005, Luebert & Pliscoff 2005). Its peaks higher than
1,200 masl are covered by Araucaria araucana and
Nothofagus pumilio forests, as well as wetlands. Both
of the areas protected by the State in Nahuelbuta
Range, the Nahuelbuta National Park (PNN) and
the Contulmo Natural Monument (MNC), besides
the protected area Piedra del Aguila, are clearly
insufficient to preserve this biodiversity, due to their
small surface and location in high regions, above 600
masl (Contulmo with 82 ha) and above 1,000 masl
(Nahuelbuta with 6,800 ha) (Ibarra-Vidal et al. 2005,
Ortiz & Ibarra-Vidal 2005).

Lycalopex fulvipes (Martin, 1837) is an endemic canid
of Chile at high extinction risk (Macdonald et al. 2004,
Cofré & Marquet 1998). This species was originally
considered Vulnerable (Glade 1993) and then as
Endangered (MINSEGPRES 2007) and Critically
Endangered at global level by UICN (Jiménez et al.
2008). It is included in Appendix Il of CITES, being
considered as one of the canids with most serious
conservation problems (Macdonald & Sillero-Zubiri
2004).

It was considered that its distribution was restricted
to the west part of the Great Island of Chiloé and
Nahuelbuta National Park located at approximately
600 km from Chiloé Island. This disjoint pattern is
now being questioned because of the recent finding
of individuals using camera traps in the Alerce
Costero National Park, Valdivian Coastal Reserve,
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Oncol Park and Chanchan near Valdivia, as well as
the presence of a dead specimen in Lastarria, near
Gorbea (Farias et al. 2014, D’elia et al. 2013, Vila et al.
2004, Medel et al. 1990, Jaksic et al. 1990, Jiménez et
al. 1990). This evidence leads to the hypothesis that
the Darwin fox distribution may be more continuous,
associated with the remaining coastal forests.

The biological information about this species is
scarce, it is found mainly in studies conducted in
Chiloé Island (Jiménez et al. 2008, Jiménez 2007,
Jiménez & McMahon 2004, McMahon 2002). On this
regard,Yahnkeetal.(1996)describehomerangesand
they inform a population of oo individuals for Chiloé
(Yahnke et al. 1996). Jiménez & McMahon (2004),
based on intensive capture inside the Nahualbuta
National Park (PNN), made a population estimate of
78 individuals by extrapolating from a density of 1.14
ind/km2. This estimate is based on captures in the
southeast section of the PNN (sectors: Pehuenco,
Piedra del Aguila and Coimallin). This scenario has
become more complex because in general the areas
adjacent to the PNN have high degradation and
human impact levels (Armesto et al. 2010) turning
them unsuitable for the L. fulvipes to have a viable
population (Mella 1994, Shaffer 1981).

The species distribution is mathematically or
statistically associated with different independent
variablesthatdescribe the environmental conditions.
If it is so, this relationship is extrapolated to the rest
of the study area and then a value is derived for each
place which is usually construed as the presence
probability of the speciesin that spot. The “presence
probability” is, therefore, an abusive interpretation
of the environmental similarity measure which
should be construed, at the most, as a suitability
value for the species to develop. These models use
variables and among them the forest variables are
widely used; however, they are often estimated
categorically.

Using the LIDAR technology (Light Detection and
Ranging) and some process algorithms vegetation
variables can be generated (e.g. coverage, leaf area
index, vertical profile and height) with high precision.
Aerial LIDAR is a sensor installed in an airplane that
emits pulses while flying and these pulses hit an
object (e.g. bare ground, building, stone, vegetation,
water). Part of this energy is reflected by the ground
or the objects on the surface and this energy is
detected by the sensor.
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The sensor calculates the distance to the ground or
object;andeachoneofthese pulsesisstoredtogether
with coordinates by means of the differential GPS
system and the inertial navigation system installed
in the airplane, so that the position of a spot can be
determined in three dimensions with high precision
(Dubayah & Drake 2000). When these points hit the
vegetation, they can be intercepted at different
heights and if the pulse density is high (around 4
pulse/m2) the vertical structure of vegetation can
be determined very precisely by means of a set of
algorithms (Ko 2012, McGaughey 2007, McGaughey
2003).

The purpose of this study is to use a methodology
associated with the LIDAR technology in order
to generate variables intended to be used in the
biodiversity area and applied to endangered species
such as L. fulvipes.

Methodology

Study area and data

The study area is located in the Nahuelbuta Range
in the central zone of Chile, in the sector called
Caramavida, characterized by temperate forest
vegetation and the presence of a wide animal
diversity. The area is topographically steep and
scarped with goo m mean height above sea level,
and the range going from 5oo to 1200 m.

In 2010, flights were performed over the area among
the activities of a cartographic improvement project
of Forestal Arauco and the study area surface is
500 km2. The data were collected using the LIDAR
Optech sensor, the scanning angle was + 15° and
the footprint was around o.5 m. The final pulse
density was 3.5 pls/m2. The data were processed by
the owner company of the flight producing a high-
resolution digital elevation model (12xam resolution),
surface model and orthorectified images (0.5x0.5
m resolution). The raw data were gathered in LAS
formatincluding X, Y, Z coordinates and intensity.

Determination of distribution range

To estimate the quantity of stations, the monitoring
information of Quebrada Caramavida performed
by Forestal Arauco was used (Briones et al. 2011)
(Zuniga 2012), based on which a minimum number
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of spots was determined in order to have significant
estimates of the parameters being studied (standard
error lower than 0.04; see Mackenzie et al. 2005),
using the native forest registry (CONAF-CONAMA-
BIRF, 1999). Within each coverage, the stations
will be randomly distributed at a distance of = 0.3
kilometres to promote spatial independence (based
on the home range radius by Jiménez 2007). The
proportion of sampling units in each coverage was
related with the size of each coverage, and the
design was balanced in order to minimize variance
in the results, which might occur in a coverage with
small surface.

A total of 84 sampling stations were installed being
made up by a camera trap. They were deployed in
micro-habitat conditions suitable for L. fulvipes,
as close as possible to the selected spot, but
considering the following restrictions: = 300m
from houses, and = 5om from trails and roads.
The cameras were installed at 0.5 m high and they
remained active during 15 consecutive days in each
station. Considering that detection rates could be
low for this species, baits will be used to attract them
(synthetic urine and jack mackerel). The camera
trap study was carried out in spring and summer
(from October 2011 to March 2012). Both seasons
are critical periods after winter for recovering the
energetic demands and reproduction, increasing
the carnivore activity (Muhoz-Pedreros et al. 1995,
Jaksic et al. 1990, Jiménez et al. 1990). On the other
hand, the previous study with cameras conducted
between 2009 and 2011 in the study area confirms
a higher activity of L. fulvipes in spring-summer,
compared to autumn-winter (Zuhiga 2012)(Fig. 1b).

Determination of core patches

With the elevation model (bare land) and the surface
model, the crown height model was calculated
using the difference between both surfaces (Fisk et
al. 2009). After that, the surface with a vegetation
height above 4 m was identified, in order to get the
core patches in the area; subsequently, the patches
with a surface larger than 100 ha. were isolated since
these are the areas that may potentially support a
sustainable habitat (Santos & Telleria 1998).

Additionally, a model of morphology patterns (Vogt
et al. 2007) was used to classify the patches in 7
shape classes in order to determine which patches

are actual patches or which participate in other
connectivity functions.

Processing raw LIDAR data

The data were processes with the software program
FUSION (McGaughey 2007) and the Gridmetrics
algorithm. The resolution or cell size for calculation
was 20x20 m (container) since at lower resolution the
process tends to identify trees and generate gaps in
the vegetation coverage and therefore the coverage
estimate of the area cannot be determined. The
points intercepted at seven height ranges were
obtained (0 —2, 2 -4, 4 -8, 8 -12, 12 — 20, 20 — 32
and >32 m.), which are those used by the national
registry of native forest (CONAF-CONAMA-BIRF

1999).

The coverage (Cob) was estimated for each height
range as follows:

Cob = inntveget

thotales

IXint veget stands for the pulses intercepted
by vegetation and Xxtgtales is the total pulses
intercepted in that height range. Based on this,
the vegetation coverage for each layer could be
estimated. Besides, the total coverage for the entire
vertical profile was estimated.

The effective leaf area index (IAF) is calculated with
the Beer law equation:

IAF = —Inx (1 — Cob)

The LIDAR system is classified as an active remote
sensing system, that is, it emits its own light source.
This characteristic means that vegetation can be
illuminated by means of pulses or infrared light
beams and comparing the light that is intercepted
with the light that reaches the forest ground it is
possible to apply the Beer law in order to estimate
the area where light was intercepted; and that area
is then the effective leaf area.

The vertical complexity index (ICV) is based on
diversity measurement indexes that measure the
heterogeneity within a specific system (Van Ewijk
et al. 2011) in this case, the vertical structure of
vegetation.
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HB
ICV = (= ) [ * In(p)])/In (HE)
i=1

Where HB is the total number of pulses in the
container and is the pulse ratio in the container at
height i.

Statistical analysis

There is a variety of models in order to predict the
potential habitat of species; however, a logistic
regression model was selected due to the nature
of the dependent variable and also because these
models can provide a probabilistic prediction of L.
fulvipes presence and in this way our analysis with
LIDAR can be prioritized. Additionally, unlike most
of the multivariate procedures, it does not require
variables to be normally distributed. The logistic
function is expressed as:

P=e"/(1+e")

Where P is the estimated probability of occurrence
of an event, e is the inverse of the natural logarithm
and u is the linear model:

u= bo + b1X1 + bzXz + -+ ann

Where is the regression coefficients and is the

independent variables.

Nine variables based on surfaces were used:
understory vegetation coverage, mean, maximum
and modal height of vegetation, total coverage, leaf
area index, elevation and vertical complexity index.
Since there are different scales in the variables, some
of them were converted in order to generate a better
adjustment (elev, =elev/1000). A stepwise process
was performed to select the variables that generate
the best estimate of the L. fulvipes distribution.
The statistics used for the selection was the Chi-
square test and the correct percentage of model
classification.

Results
From the 84 sampling stations consisting of camera

traps, 17 had positive results for the L. fulvipes
presence (Fig. 1b). A total of seven carnivore species
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were found during the sampling period: L. fulvipes,
Lycalopex culpeus (Molina, 1782), Lycalopex griseus
(Gray, 1837), Puma concolor (Linnaeus, 1771),
Conepatus chinga (Molina, 1782), Galictis cuja
(Molina, 1782). The occupancy values, occupancy
corrected for detectability and detectability of L.
fulvipes show that the proportion of stations where
the species was detected was 11%, but the actual
proportion would reach 14% after correcting for
detectability.

Camaras Teammpan
W et
» semn
| . i
- N
[N | ot e
L iy il e S s

Figure 1: Study area in Caramavida zone located
at 30 km from Cafiete. The grey zone is the area
that has raw LIDAR data and the hatched zone is
Caramavida, the area with high conservation value
belonging to Forestal Arauco. The points indicate
the 84 cameras installed in the study area and those
in red are the ones that detected the presence of L.
fulvipes.

The stepwise process carried out by means of
forward selection, backward elimination and
subset selection, gave as a result that the best
prediction model includes the following as main
variables: modal height, vertical complexity index
and elevation (Fig. 2). The chi-square value for the
model is 49.60 (Table 2).
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Figure 2: a) Modal height (m) which characterizes the
most frequent height, indicating the homogeneous
forest height. b) Vertical complexity index, derived
from diversity indexes that allow characterizing the
vertical structure of the forest. Closer to zero means
that only a few height layers have vegetation and
closer to 1 means that all the height layers have the
same quantity of vegetation or coverage, showing
that there is a high diversity in the vertical profile of
vegetation. c) Elevation above sea level.

These three variables were selected as the best
indicators or independent variables explaining the
presence of L. fulvipes.

The probability of occurrence increases as long
as there are core patches present and the most
important predictor variables are the modal height,
representing the most frequent height, that is the
most homogeneous height of the core patch, and
then the ICV variable that reflects the distribution
of vegetation at different heights; closer to zero
indicates areas where vegetation is concentrated at
certain heights, such as the case of forest plantation,
but whenthe valueis near 1, vegetation is distributed
homogeneously in the entire vertical profile,
indicating the presence of forests with different
composition or age, which show a high diversity
in the zone. Subsequently, elevation indicates an
altitudinal gradient for the presence of L. fulvipes.

Variahle Parameter  Chi-Square Value - p
Constant #.E8T5 (. (WHI043T
Modal Height -0194 2075 1. CHROHD O
Icv -7.634 1317 0.0140017
Elevation -1.85% 667 (.0 ] 54 T

Table 2: Parameters derived from the best predictor
variables of the regression model.

The classification matrix showed that the model has
a high prediction rate (79.07%), which means that
from every 5 observation 4 are virtually successful,
also, the odds ratio was 16, indicating that there is a
high probability of occurrence or presence (16:1) of
L. fulvipes in the zones shown by the model (Fig. 3).
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Conclusions

The Caramavida cleft, Trongol and their surroundings
are the most relevant areas in Nahuelbuta, since
they still have primary and secondary forest
fractions. These native forests, preserved in different
degrees, constitute the laurifolia ecosystem in the
Nahuelbuta Range (Pauchard 2011). In its low areas
Gomortega keule (Molina, 1782) Baill., 1869 and
Berberidopsis corallina Hook, 1862, can be found,
and in its high areas Araucaria araucana (Molina) K.
Koch dominating the landscape. The Caramavida
ecosystems are considered as priority sites for
regional preservation by the Chilean governmental
bodies.

Generating reliable information about the
geographic distribution of species is one of the main
requirements to establish effective preservation
policies. However, after decades of taxonomic
and faunistic work, we only have approximate
data about the total of species that inhabit Chilean
lands and we do not have convincing information
that enables us to know the current distribution
of most species (Briones et al. 2012). These
insufficiencies become evident when we include
vegetable coverage in our study. For our study area

we have generated information layers regarding the
understory vegetation coverage, mean, maximum
and modal height of vegetation, total coverage, leaf
area index, elevation and vertical complexity index.
This information gives us more variables making our
analysis statistically more robust.

The species distribution models are in full
development and expansion with new methods and
strategies for their treatment and interpretation.
Consequently, there is a large number of articles
building up with significant methodological and
theoretic contributions for the modelling of species
distribution (see Mateo et al. 2011). There are several
information restrictions for these models, such as
the lack of presence/absence data, cartography,
environmental variables. With this the predicting
capacity of the models is affected.
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Figure 3: Map showing the
probability of L. fulvipes presence,
derived from the output of the
logistic model. The variables used
in the model were modal height,
ICV and elevation; the correct
.'i‘ classification ~ percentage  was
79.07%.
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Why Your Next Mapping Project Will Probably Use Stacking

Sean P. Healey**, Warren B. Cohen?, Zhigiang Yang?, Todd Schroeder*, Noel Gorelick?, Gretchen Moisen*

*Speaker
Affiliations: * United States Forest Service * Oregon State University 3 Google, Inc.

Ensemble prediction methods have become popular
for many classification tasks, including those related
to remote sensing of forest resources. Foremost
among these methods is a “bagging” technique
called Random Forests, which trains an ensemble of
decision trees with random subsets of the training
data, and uses a voting procedure to integrate
across output classifications.  This approach is
thought to improve classification accuracy through
reduction of overfitting. An alternative approach
called “stacking” (or “stacked generalization,”) starts
with an ensemble of classifiers that use completely
independent methods instead of replicating the
same model with random subsets of training data.
Stacking is accomplished by comparing alternative
classification results with the training data to
explicitly weight ensemble members in producing a
meta-classification. Typically, parametric methods
such as logistic regression are used to identify the
classifier biases used in this process.

We suggest that alternative forest maps can be
effectively integrated by a stacking process governed
by a non-parametric model such as Random Forests
instead of a parametric approach. A Random
Forests integration rule eliminates the variable-
selection processes required with parametric
approaches, and theoretically would also improve
performance and robustness by reducing overfitting
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of ensemble member weights. This approach was
recently tested with several leading forest change
detection algorithms and a broad reference dataset
that included even very subtle and/or slow changes.
Judged against this definition of disturbance, which
is admittedly broader than the definition built into
some of the original classifiers, ensemble integration
with a Random Forests stacking rule outperformed
both the original maps and stacking with logistic
regression.  Performance (rates of disturbance
omission and commission) also improved when
unrelated spatial products were added to the
ensemble, including: forest cover classifications,
topography, and pre- and post-disturbance Landsat
reflectance values.

Stacking provides a means to integrate the signal
carried by alternative maps in addressing complex
classification tasks, but as implemented here, it
also requires tremendous computing capacity and
the ability to make maps using several different
classification approaches.  Increasingly popular
cloud-based remote sensing platforms are at once 1)
improving our ability to share mapping algorithms,
and 2) raising our capacity to run several mapping
processes in parallel. When implemented with a
Random Forests integration rule on a cloud-based
system, stacking can offer significant performance
gains in a variety of mapping tasks.
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3-D Model of a Mediterranean Tree-Grass
Ecosystem for Remote Sensing Applications
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Abstract

Tree-grass ecosystems are mixed woody-herbaceous systems characterized by a low density and
disperse distribution of woody vegetation. Such heterogeneity in physiology, phenology and structure
represent a challenge for modelers of different communities. Remote sensing applications usually
need to determine the fraction of trees and grass canopies observed; whereas Proximal Sensing
systems have the challenge of measure separately woody and grass elements. This becomes more
difficult in the case of multi-angular hyperspectral systems dedicated to the retrieval of BRDF, since
usual kernel-based functions are no longer valid.

In this work we present a geometrical 3-D model of a Tree-grass ecosystem located in Majadas del
Tiétar, Spain. The site is subject of research from remote sensors, Eddy Covariance systems and
features multi-angular hyperspectral systems (AMSPEC-MED). The model is developed to contribute
to the abovementioned applications. The 3-D model was built from Airborne laser scanning (ALS)
data, provided by Spanish Program of Aerial Orthophotography (PNOA). TerraScan (Terrasolid Ltd.,
Finland) classified ground and tree canopy points to obtain a 0.5 m Digital Ground (DGM) and a
Surface (DSM) Model. Circular Hough transform-based algorithm identified single crowns in the DSM;
then an ellipsoid was fit to ALS returns identified in each crown. Additionally, terrestrial laser scanning
(TLS) data of some crowns and a voxel model were used to predict crown transmittance at different
illumination angles.

The model covered an area of 2,328 Km?, where tree density was ~ 21.6 trees\ha. It provides detailed
structure of tree crowns and grass surface, and an additional probability of transmission as a function
of observation/zenith angle. Current applications are the unmix of trees and grass BRDF from the
AMSPEC-MED system, estimation of the tree/grass/shadow fractions as observed from mid and coarse
resolution remote sensors and ecosystem shadow fraction estimation for biogeochemical modeling
and energy balances.
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3D measurement of tree health using multispectral intensity
data from terrestrial laser scanners
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Abstract

Equivalent water thickness (EWT), a measure of leaf water content, and leaf chlorophyll content
(Cab) are important early indicators of tree stress caused by a variety of factors including pest insects,
pathogens and drought. Early detection of pest insects and pathogens is vital in reducing the damages
and costs of decreased tree growth and tree mortality. Recent investigations have explored the use
of backscatter intensity information from terrestrial laser scanners (TLSs) in order to obtain EWT and
Cab, but few studies have investigated the use of multiple wavelengths or TLSs.

Here we tested the ability of three-wavelength terrestrial laser scanning in detecting leaf water content
from Norway spruce seedlings (n = 90). To simulate a drought event, the seedlings were subjected to
different levels of watering during 8 weeks resulting in variation in tree health. During this period a
sub-sample of seedlings were randomly selected for laser scanning and destructive measurements of
EWT at 10 time intervals. The relationship between the measured EWT from needle samples and laser
intensity features, using 690 nm, gos nm and 1550 nm wavelengths, were determined. The results
showed a relationship of R2 = 0.72 (RMSE = 0.006 g/cm2) between the measured EWT and the ratio
of mean backscattered laser intensity from 9go5 nm and 1550 nm wavelengths. In addition to EWT
measurements, needle samples from 30 seedlings were collected for analysis of chlorophyll a and b
content. These analyzes are under process and the results will be presented in ForestSAT 2016.

114



Universidad Mayor

ForestSAT 2016 Abstracts Summary

3D modeling of below-canopy global irradiance using
terrestrial LIDAR data and ray tracing
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Phase-based terrestrial LIDAR (PTL) measurements
were collected on two broadleaved forest to i) gene-
rate the 3D models of their canopies and estimate
leaf area index (LAI), clumping index (Cl) and canopy
openness (CO), and to i) feed a ray-tracing system to
analyze distribution of global irradiance, specifically
photosynthetically active radiation (PAR), below the
canopy. Data were collected on a pure beech (Fagus
sylvatica L.) and on a mixed (beech, oak (Quercus
robur L.) and birch (Betula pendula Roth)) forest. A
total of nine scans were taken per forest on a 400 m*
area using a FARO® LS88o PTL scanner (A=785 nm,
maximum range=76 m). Digital hemispherical pho-
tographs were collected as reference data. Leaves
and trunks spectra were also recorded on a FieldS-
pec® 3 spectroradiometer. Similarly, global irradian-
ce was measured in the field using a remote cosine-
corrected receptor. This light measurements were
taken on every cross point of a 1m grid within the
400 m? area. For three-dimensional (3D) canopy mo-
deling, the PTL data was filtered (i.e., noise correc-
tion), classified in green and non-green elements,
and voxelized using four different voxel side lengths
(VS)i.e., 20 mm, 20 mm, 26 mm and 30 mm. A series
of forest scenes, emulating hemispherical images,
were then built using the open source Persistence of
Vision Raytracer (POV-Ray) for LAI, Cl and CO cal-
culation. These estimates were later compared with
the reference data. Likewise, the Physically-Based

Ray Tracer (PBRT) was used for light distribution
simulations and PAR analysis. Results after simple
linear regression modeling (a=0.01) indicate that
predicted values of canopy structural variables are
consistent with the observed ones at particular ze-
nith angle ranges (ZAR) and parametrization for 3D
modeling. In the mixed forest, LAl was better predic-
ted using VS 10 mm at 30°-60° ZAR, Cl was not sig-
nificantly influenced by VS but showed differences
in slope and intercept at different ZAR, and CO was
accordingly predicted using VS 10 mm at all ZARs. In
the beech forest, LAl predictions were consistent at
20°-60° ZAR using VS 20 mm, Cl presented similar
trends as in the mixed forest but VS had animpact at
narrower ZAR (e.g., VS 20 mm at 40°-60°), while CO
was better predicted with several VS (e.g., 20 mm,
26 mm, and 30 mm) at both 5°-25° and 5°-30° ZAR.
Consequently, the parameters required for the suita-
ble specification of the 3D model for light simulation
and analysis of PAR in PBRT were adopted after this
structural analysis. PAR results from both mixed and
beech forest reflected that predictions were biased
in relation to observed values. In the mixed forest,
predictions underestimated PAR up to a certain le-
vel, where the trend was then shifted to overesti-
mation (RMSD = 0,23). On the other hand, predicted
values on the beech forest, systematically underes-
timated PAR (RMSD = 0,19).
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A web service proposal for forest inventory of fast-growing
species in areas with small-size property using free software:
GRASS GIS,WPS and LiDAR
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Abstract,

Estimating timber volume of very small stands (e.g. less than 2000 m2) of fast-growing species
by means of automated inventory techniques can be really challenging. Lack of adequate means
to easily estimate volume in those circunstances result in less transparent timber markets and
generally hampers planning and sustainable forest management. This is tipically the case of areas in
Northwestern Spain, where most property lots are usually very small. While methods for LiDAR-based
volume estimation in this geographic area have already been published (mainly for Pinus radiata D.
Don, and Eucaliptus globlulus Labill stands), their use has been largely restricted to research purposes
and they have only been used operationally in forest stands of medium to large area. In this work,
we outline the characteristics of a public web service based on free software that builds on existing
methods and publicly available LiDAR data to automate estimation of timber volume in small plots
of fast-growing species. The service would be implemented in GRASS GIS, use WPS protocol, and
build on public low-density LiDAR data, available filtering algorithms, and already published volume-
assessment equations for P. radiata and E. globulus. We tested the system with real data from small
woodlots harvested in the same year of LiDAR data acquisition. A basic description of the proposed
design is presented, along with an assessment of the achieved degree of functionality, main obstacles

found, and an assessment of final error in volume estimation.

Introduction

Estimating timber volume of very small stands
(e.g. less than 2000 m2) of fast-growing species by
means of automated inventory techniques can be
really challenging. Lack of adequate means to easily
estimate volume in those circunstances result in less
transparent timber markets and generally hampers
planning and sustainable forest management. This
is tipically the case of areas in Northwestern Spain,
where most property lots are usually very small.
While methods for LiDAR-based volume estimation
in this geographic area have already been published

(mainly for Pinus radiata D. Don, and Eucaliptus
globlulus Labill stands), their use has been largely
restricted to research purposes and they have
only been used operationally in forest stands of
medium to large area. In this work, we outline the
characteristics of a public web service based on free
software that builds on existing methodsand publicly
available LiDAR data to automate estimation of
timber volume in small plots of fast-growing species.
The service would be implemented in GRASS GIS,
use WPS protocol, and build on public low-density
LIDAR data, available filtering algorithms, and
already published volume-assessment equations for
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P.radiataandE. globulus. We tested the system with
real data from small woodlots harvested in the same
year of LIDAR data acquisition. A basic description
of the proposed design is presented, along with an
assessment of the achieved degree of functionality,
main obstacles found, and an assessment of final
error in volume estimation.

Methodology, The service would be implemented
in GRASS GIS, use WPS protocol, and build on
public low-density LiDAR data, available filtering
algorithms, and already published volume-
assessment equations for P. radiata and E. globulus.
We used data from two public sources; cadastral
plot and details of the lidar from PNOA (a natioanl
program of remote data acquisition). Both data sets
are freely downloadable and vector data supplied
high quality in terms of spatial accuracy. In the case
of lidar with low density points (0.5 points / m2).

As the tools we chose to use software for easy access
to internal documents and the gratuitous licensing
to implement the service; OpenlLayers v3.0 as map
viewer, PyWPS vs5.0 as implementation of the
protocol and Web Processing Service and GRASS
GIS v7.0 as computing GIS platform.

For the validation of the system results were
compared with values of timber companies that buy
wood in the area conducting field inventory plots.

In order to maximize the transparency of the
process, the system is based on data and public
access software and hardware.

For the estimation of timber in each plot, a GIS
system was prepared that from the polygon of land
cut the plot data, filter the corresponding points to
the terrain, and apply the existing volume estimation
equations to lidar data. This process was automated
from scripts in the GIS.

Through PyWPS was connected to the web server

so that the previous GIS script became available as a
web service hosted on a public server.
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Through Open Layers an interface is provided to
the user to select the parcel of interest and to be
able to request its timber estimation. This interface
transmits to PyWPS the parameters that the service
needs (limit of the plot or zone to be measured).

Results, We tested the system with real data from
small woodlots harvested in the same year of lidar
data acquisition. In plots with raw data (without
information of age, forestry, etc.) the system can
estimate between 40-60 percent of the total value.
Taking into account that they are raw data can
be an important margin of improvement without
deteriorate user experience.

We also tested the system with real users, owners
of small plots, detecting that there may be a
problem, not of handling the tool but of continuity
or familiarity of use, since the measurements are
sporadic uses, with years without intermediate
use. Therefore, it may be necessary to take actions
towards their generalization in the sector.
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Measurement errors are generally not reported
in the dasometric data, in this case specifically
measurements in national forest inventories.
Measuring the field variables and know the
measurement error makes known the accuracy of
the measured variable and those estimates derived
variables expressing forest productivity as basal
area, volume, forest biomass, stored carbon, among
others. This document presents a case study in a
forests owned by the federal state of Lower Saxony,
north of Gottingen, Germany. In this study, we
compared the accuracy of above ground biomass
estimates developing skills through training teams
in field measurement variables (DBH, total height,
azimuth and horizontal distance). Similarly, the
accuracy between measurements of twoinstruments
for diameter and height variables used in the
estimation models of forest biomass was compared.
To analyze the random measurement errors, clear
protocols for the use of devices were established,
in addition to calibrated instruments used to avoid
deviations due to bias measurements. Part of the
analysis was to compare field measurements of the
two work teams: experienced and no experience in
dasometric measurement variables. After a training
period, the teams re-measured the plots and the
effects of training were analyzed on the accuracy
of the measurements. Measurements of the two
teams were made with the same instruments and

compared to a control data consisting of the average
of 5 mensurations (using the same instrument). The
second part of the analysis corresponds to the re-
measurement of trees (Control two) with different
precision equipment and its comparison with Control
data. After second training, mean of the difference
in DBH measurement decreased for both groups,
-0.08 ¢cm to 0.0002 cm for inexperienced and
-0.107 ¢cm to 0.02 c¢cm for experienced in first and
second measurements, respectively. However,
mean of difference in height measurement for
experienced observers was very low compared to
inexperienced observers in both measurements.
Large errors (outliers) in measurement of DBH in
both measurements were randomly distributed
regardless of tree size. A higher deviation was
noticed in measurement of height for taller
and bigger trees measured by inexperienced
observer in both measurement, however such
deviation only found in first measurement in case
of experienced observer. One of the parameters
used to compare control data was the relative
standard deviation of the analyzed variables which
was less than 6%, indicating acceptable accuracy
measurements. Using the law of error propagation
will be estimated uncertainty of the measured
variables and their impact on the estimation of
above ground biomass through allometric models
used in this study.
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Abstract

The main objectives of this research work were: (i) to establish a procedure for the radiometric
calibration of images from the airborne photogrammetric camera UltraCam-Xp WA and (ii) to
estimate the above-ground biomass (dry weight of the green fraction) in grasslands using those
calibrated images. The empirical line calibration and three multispectral images (A, B, C) were used.
Three different types of calibration targets were used: (i) 1 m x 1 m portable rigid targets (gray
scale), (i) 2 m x 2 m non rigid targets made of fabric (gray scale and colour) and (iii) target areas (not
portable). 27 different combinations of these targets were tested to calibrate the images. The most
suitable calibrations were used to obtain the at-surface reflectance images (Ar, Br, Cr), which were
used to estimate the biomass. The calibration targets consisting of portable rigid panels provided the
most accurate radiometric calibration (R>=0.99; RMSE<0.014 %; RMSE (%)=3.64). The most accurate
estimation of above-ground biomass was obtained by using Partial Least Squares Regression (PLSR)
and at-surface reflectance of the Cr image (R*=0.90; RMSE=4.096 g/m? RMSE (%)=12.92), although
the differences between images were not significantly different. Using the vegetation indices NDVI
(R*=0.80; RMSE=5.593 g/m?; RMSE (%)=18.81), SR (R*>= 0.78; RMSE=5.8649/m?; RMSE (%)=18.49), NLI
(R*=0.88; RMSE=4,267g/m*; RMSE (%)=13.46) or SAVI (R*=0.85; RMSE=4.867 g/m*; RMSE (%)=15.35)
the estimates were less accurate.

When PLRS was used for the biomass estimation, the differences between using different calibration
sets ranged from 0.1% to 2.5% for the RMSE (%). However, when vegetation indices were used (NDVI,
SR, NLI, SAVI), the differences derived from using different calibration sets ranged from 1.6% to 19.2%
forthe RMSE.NDVIand SAVIwere the least sensitive to the changesin the calibration (<5% difference),
while SR was the most affected (10%-19% difference). These results were obtained in the tree images.

The calibration equations adjusted for image A and for image C were applied to image B, and the
differences in the biomass estimation after using those calibrations or the calibration obtained
specifically for B were smaller than 1% (RMSE%). Thus, the calibration of one image can be successfully
used for adjacent images.

The images of the UltraCam-Xp WA are therefore suitable for estimating the above-ground biomass

once they have been calibrated to at-surface reflectance, using PLSR and the spectral information of
the 4 bands of the image.
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Introduction

Above-ground biomass refers to the part of
vegetation which grows above the ground, and some
of it corresponds to grasslands. The importance of
grasslands is remarkable, since they cover 37% of
the terrain and they are able to capture CO, and
transform it into biomass through photosynthetic
processes. It is also noticeable the role of grassland
biomass in silvopastoralism, as well as its energetic
value, since they are biofuels. Moreover, these areas
are crucial to protect soils from erosion. On the
other hand, digital aerial cameras are suitable to
record multispectral images, with high radiometric
and geometric accuracy, which need however to be
calibrated to extract qualitative and quantitative
thematic information (Honkavaara et al., 2004).
Along those lines, the estimation of biophysical
variables like biomass requires an absolute
radiometric calibration of those images, so that at-
surface reflectance values are obtained (Jensen,
2005) and they can be used an input data in the
estimation models.

Therefore, the main objectives of this research
work were: (i) to establish a procedure for the
Image processing
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Radomatric _corractions

Acrial image
gathering

v

radiometric calibration of images from the airborne
photogrammetric camera UltraCam-Xp WA and (ii)
to estimate the above-ground biomass (dry weight
of the green fraction) in grasslands using those
calibrated images.

Methodology

The general workflow is showed in Figure 1. It starts
with the radiometric calibration of the multispectral
images using an empirical line calibration and
its validation, and it is followed by the biomass
estimation using the calibrated image and field
measurements, by means of reflectance values or
vegetation indices.

Radiometric calibration

The empirical line calibration and three multispec-
tral images (A, B, C) were used. The images were
gathered with the metric aerial camera UltraCam-Xp
WA, with a spectral resolution covering the Red (R),
Green (G), Blue (B) and Near Infrared (NIR) regions
of the electromagnetic spectrum, a GSD of 18 cm,
and a radiometric resolution of 16 bits. The flight
was carried out in 23/07/2012, and the three adjacent
photograms were taken following a N-S flight-line.
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Figure 1. General workflow.
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To avoid possible bilinear reflectance effects, the
geometric center of the images was close to the cali-
bration targets. The images were processed from le-
vel 1 to level 2 and orthorectified using ground con-
trol points measured with a GNSS receiver.

Three different types of calibration targets were
used: (i) 1 m x 1 m portable rigid targets (gray scale),
(ii) 2 m x 2 m non rigid targets made of fabric (gray
scale and colour) and (iii) target areas (not portable).
27 different combinations of these targets were test-
ed to calibrate the images (Table 1). Each target was
radiometrically characterized by 30 measurements
done by using the ASD Fieldspec3 spectro-radiom-
eter. The same procedure was followed to charac-
terize thirty 1 m x 1 m plots, which consisted mainly
of Lolium perenne, Poa pratensis and Trifolium rep-
ens. The aboveground biomass (defined as the dry
weight of the green fraction in g/m?) was cbtained as described
in Marabel & A|yarez-Taboada (2013, 2014). The biomass
average value was 31.71 g/m? +12.63.

The digital numbers obtained for each target in the
multispectral image were compared with the at-sur-
face reflectance values gathered with the spec-
tro-radiometer. The difference in spectral resolution
of the data (4 wide multispectral bands for the la Ul-
traCam-Xp WA versus 1nm spectral bands for the ra-
diometer) was taken into account by calculating the
weighed reflectance corresponding to 20 nm simula-
ted bands for the UltraCam-Xp WA, considering the
sensibility curve for each multispectral band. The-
refore the weighed reflectance for the R-G-B-NIR
bands was obtained for each target.

A linear regression was carried out between the
at-surface reflectance values (dependent variable)
and the digital numbers (independent variable)
for each target and for each multispectral band, as
showed in Del Pozo et al. (2014). A full cross-valida-
tion was carried out (Geladi & Kowalski, 1986). The
criteria to choose the most suitable calibration set

were to minimize the RMSE and to maximize the R?
in the validation.

Biomass estimation using radiometrically
corrected images

The most suitable calibrations were used to obtain
the at-surface reflectance images (Ar, Br, Cr), which
were used to estimate the biomass. Two approaches
were followed, (i) using the reflectances for bands R,
G, B, NIR or (ii) using vegetation indices as indepen-
dent variables. The vegetation indices considered in
this study were: NDVI (Rouse et al., 1974), Simple
Ratio (Birth & McVey, 1968), Soil Adjusted Vegeta-
tion Index (Huete, 1988), and Non-Lineal Vegeta-
tion Index (Goel & Qin, 1994). The prediction models
based on reflectance bands were adjusted by using
Partial Least Squares Regression (PLSR) (Geladi &
Kowalski, 1986), due to its suitability for collinear
data (Marabel & Alvarez-Taboada, 2013). Later on
a Leave-One-Out Cross validation was carried out.
The criteria to choose the most suitable model were:
minimize the number of factors, maximize R?, mini-
mize RMSE and %RMSE of the validation. The bio-
mass estimation using vegetation indices was done
by using Ordinary Least Squares Regression (OLSR),
using as criteria to maximize R?, and minimize RMSE
and %RMSE of the validation. All statistical analy-
ses were performed by Unscrambler® X10.2 (CAMO
Software Inc., Woodbridge).

Results

Radiometric calibration

The calibration targets consisting of portable rigid
panels provided the most accurate radiometric
calibration for the three images (R*=0.99;
RMSE=<0.014 %; %RMSE (%6)<3,80%), therefore that
set can be used for calibration (Table 1). This set
consists of portable rigid targets with 0%, 25%, 50%,
75%, 100% nominal reflectance. These results are
similar to the ones obtained by Alvarez et al. (2010)
and Honkavaara & Markelin, (2007) for the ADSo0,
DMC, UltraCamD and DSS multispectral sensors.

Tabla 1. Empirical line calibration accuracy for each band for the suggested set. RMSE values in % (reflectance)

IMAGE A IMAGE B IMAGE C
RMSE %RMSE RMSE %RMSE RMSE %RMSE
B 0.996 0.0178 531 0.996 0.0169 5.03 0.996 0.0169 5.03
G 0.999 0.0092 2.69 0.999 0.0086 2.52 0.999 0.0084 2.48
R 0.997 0.0146 4.33 0.995 0.0174 5.13 0.996 0.0150 4.42
NIR 0.998 0.0107 2.34 0.998 0.0108 2.36 0.997 0.0121 2.64
AVERAGE 0.997 0.0131 3.67 0.997 0.0134 3.76 0.997 0.0131 3.64
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Table 2. Results for the cross-validation of the models for biomass estimation in the three images, using
reflectances, vegetation indices and the recommended calibration set. P=Image; F: latent factors; E=ERMSE:
g/m?; %E=%RMSE: %.

R, G, NIR

E F %E R’

5,6500
5,9964
5,9635

17,820,725 6,5181 20,56 | 0,851 4,7869 15,10 0,843
18,91] 0,710 6,6939 21,11| 0,830 5,1158 16,13 | 0,830
18,811 0,701 6,7929 21,42] 0,839 4,9887 15,73 0,841

4,9163 15,50
5,1163 16,13
4,9541 15,62

Tabla 3. Validation of the biomass estimation models obtained when the radiometric calibration equations
adjusted for image B were applied to image A and C, using reflectances, vegetation indices and the recom-

mended calibration set. P=Image; F: latent factors; E=ERMSE: g/m?; %E=%RMSE: %.

18.91 | 0.710
18.471 0.729
18.47 ] 0.747

6.6939 21.11(0.830 5.1158 16.13]0.830 5.1163 16.13
6.4613 20.38|0.841 4.9582 15.64|0.835 5.0497 15.92
6.2529 19.72 1 0.844 4.9044 15.47]0.835 5.0441 15.91

Biomass estimation

The most accurate estimation of above-ground
biomass was obtained by using PLSR and at-surface
reflectance of the Cr image (R*=0.90; RMSE=4.096
g/m? %RMSE (%)=12.92), although the differences
between images were not significantly different.
Using the vegetation indices the estimates were less
accurate (Table 2).

These results were obtained in the tree images (Ar,
Br, Cr). However the vegetation indices NLI or SAVI
can be used if a simplified prediction model is aimed,
since the similar accuracy in the results, with diffe-
rences in %RMSE smaller than 1.6% (regardless the
considered image) showed the suitability of the cali-
bration method and the model to estimate biomass.
When PLRS was used for the biomass estimation,
the differences between using different calibration
sets ranged from 0.1% to 2.5% for the RMSE (%)
(results not showed). However, when vegetation
indices were used (NDVI, SR, NLI, SAVI), the differ-
ences derived from using different calibration sets
ranged from 1.6% to 19.2% for the RMSE. NDVI and
SAVI were the least sensitive to the changes in the
calibration (<5% difference), while SR was the most
affected (10%-19% difference). These results were
obtained in the tree images.

The calibration equations adjusted for image B were
applied to image A and C, and the differences in the
biomass estimation after using those calibrations
or the calibration obtained specifically for B were
smaller than 1% (RMSE%) (Table 3).

Conclusions

The images of the UltraCam-Xp WA are therefore
suitable for estimating the above-ground biomass
once they have been calibrated to at-surface
reflectance, using PLSR and the spectral information
of the four bands of the image. Moreover, the
calibration of one image can be successfully used for
adjacent images.
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The properties of structural timber vary significantly
at different levels, making strength grading of each
single board crucial. Norway spruce (Picea abies)
is the main species for the production of structural
timber in Norway, and most of the strength grading
machines used account for only parts of the great
variation. In order to meet the requirements of
timber properties from all subsamples, the grading
has to be conservative, resulting in a poor utilization
of the properties of the timber resource. The
yield of higher strength classes can potentially be
improved by combining machine strength grading
with knowledge about the timber resource, and
thereby improve the competitiveness for timber
as a structural material. Different methods to
predict timber properties prior to sawing have been

investigated, and one possibility is to use more
information about the origin of the timber. The aim
of the current study is to predict the distribution
of timber properties at the sawmill based on ALS
data, forest inventory data and stem data from the
harvester.

We collected timber from four sites in southeastern
Norway. On eachsite, 20 trees were selected and the
timber was graded in a local sawmill. We developed
single-tree models predicting timber strength using
variablesderived from ALS and harvesterdata. These
models provide valuable insight in the potential of
forest inventory and remote sensingdata to predict
important timber properties to improve strength
grading.
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Abstract

The aim of this contribution is the incorporation of complementary multispectral information from
optical sensors to Light Detection and Ranging (LiDAR), particularly through the incorporation
of complementary multispectral information from optical sensors by back-projecting the LIDAR
points onto the multispectral image. Canonical Correlation Analysis (CCA) was performed to relate
multivariate data sets of both LIDAR and multispectral metrics with structural variables measured
in a Scots pine stand. The correlation coefficient between pairs of canonical variables ranged from
0.997 to 0.949 for the four significant pairs. The amount of explained variance in the response
component ranged from 99.39% to 90.1%, and an 86.2% accumulated variance was explained. We
related indicators of stand development, i.e. height and volume, with LIDAR elevation metrics, tree
size and stand density, representing maturity of the stand, and LIDAR elevation metrics and three red
edge index-based multispectral metrics with Lorenz curve-derived attributes, which represent size
heterogeneity within the stand, in the first three pairs of canonical variables. The third pair of canonical
variables was interpreted as an indicator of size variability, discriminating even-sized from uneven-
sized stands, which also benefited from the multispectral information. In the fourth pair of canonical
variables, four red edge index metrics significantly explained the heterogeneity of the stand. We may
conclude that metrics from the optical sensor complemented information of the LIDAR sensor.

Universidad Mayor

Introduction

Initial studies of forest structure inferred from
LIDAR advanced incorporating predictors derived
from satellite multispectral datasets (Pascual et
al., 2010). Data fusion of both LIDAR and optical
passive sensors, such as multispectral photography,
have synergic capabilities for providing reliable
inventories for operational forestry (Packalén et al.,
2009; Valbuena et al., 2013). Estimation of forest
parameters from ALS can also be assisted by image
analysis, increasing the potential of multispectral
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imagery for thematic classification and index
calculation (St-Onge and Achaichia, 2001).

Appropriate automated geometric correspondence
of simultaneously acquired LIDAR and aerial
multispectral imagery, plus the positioning of LIDAR
points on the conical projection of uncorrected aerial
pictures is a method known as back-projecting,
which successfully permitted allocating the original
radiometric information in the LIDAR point cloud
(Valbuena et al 2011, 2013).
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Therefore, our purpose is to analyze the canonical
relationship between two coincident multivariate
datasets, one containing both LIDAR and passive
optical sensor measurements, and the other
containing field measurements of forest stands.

Materials and Methodology

The study area is the Valsain forest (Spain; latitude:
40°53'— 41°15" N; longitude: 3°59" — 4°18" W; altitude
1300 — 1500 M above sea level), which is attached to
the Sierra de Guadarrama National Park, with Scots
pine (Pinus sylvestris L.) as the main species. Field
survey consisted of 37 circular plots of 20 m-radius
sampled in a cluster design, where the standard
dasometric variables were inventoried.

Remote sensing data was simultaneously acquired
with a discrete-pulse multi-return airborne laser
scanner ALSs5o-Il (Leica Geosystems, Switzerland),
and a digital mapping camera DMC (Zeiss-
Intergraph, Germany) system consisting of four
charge-coupled device (CCD) frame array sensors.
With Red and NIR data we generated the Red edge
(redge) index (Gautam et al., 2010):

redge = NIR — Red (2)

Canonical Correlation Analysis (CCA) was performed
to assess the interrelationships between two data
sets of variables: LIDAR and multispectral metrics,
on one side (the predictor dataset), and forest
structure indicators, on the other.

Results

A multivariate data set of both LiDAR and
multispectral metrics could be related with a
multivariate data set of stand structural variables
measured in a Scots pine forest through Canonical
Correlation Analysis. Four statistically significant
pairs of canonical variables were found, which
explained 84.2% accumulated variance. The first
pair of canonical variables related indicators of stand
development, i.e. height and volume, with LiDAR
height metrics. The second pair related stand density
to LiDAR variables determining canopy coverage.
The third and fourth pairs of canonical variables
pertained to Lorenz curve-derived attributes, which
are measures of within-stand tree size variability and
heterogeneity, able to discriminate even-sized from
uneven-sized stands. The most relevant result was

to find that metrics derived from the multispectral
sensor showed significant explanatory potential for
the prediction of these structural attributes.

Conclusions

In light of the obtained results, we concluded
that metrics derived from the optical sensor have
potential for complementing the information from
the LiDAR sensor in describing structural properties
of forest stands. We therefore recommend the use of
back-projecting for jointly exploiting the synergies
of both sensors using similar types of metrics as they
are customary in forestry applications of LiDAR.
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Abstract

The aim of this contribution is the incorporation of complementary multispectral information from
optical sensors to Light Detection and Ranging (LiDAR), particularly through data fusion by back-
projecting the LiDAR points onto the multispectral image.

Materials and methods used:

A multivariate data set of both LiDAR and multispectral metrics was related with a multivariate data set
of stand structural variables measured in a Scots pine forest through Canonical Correlation Analysis.

Main Results:

Four statistically significant pairs of canonical variables were found, which explained 84.2%
accumulated variance. The first pair of canonical variables related indicators of stand development,
i.e. height and volume, with LiDAR height metrics. The second pair related stand density to LiDAR
variables determining canopy coverage. The third and fourth pairs of canonical variables pertained
to Lorenz curve-derived attributes, which are measures of within-stand tree size variability and
heterogeneity, able to discriminate even-sized from uneven-sized stands. The most relevant result was
to find that metrics derived from the multispectral sensor showed significant explanatory potential for
the prediction of these structural attributes. Therefore, we concluded that metrics derived from the
optical sensor have potential for complementing the information from the LiDAR sensor in describing
structural properties of forest stands. We therefore recommend the use of back-projecting for jointly
exploiting the synergies of both sensors using similar types of metrics as they are customary in forestry
applications of LiDAR.
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Abstract

Many countries are nowadays collecting airborne laser scanning (ALS) data nation-wide to produce
high quality elevation data. While ALS data is used in the forest inventory, the ALS data acquisition
costs form a remarkable proportion of the total inventory costs. Also the accuracy of the ALS based
forest inventory is closely dependent on ALS data. That is the reason why ALS data collection
parameters must be carefully defined. These extrinsic parameters have been assessed in numerous
studies about a decade ago, but since then ALS devices have developed and it is possible that previous
findings do not hold true with newer technology.

In this study the effect of flying altitudes (2000, 2500 or 3000 m), scanning angles (+15° and +20° off
nadir) and scanning modes (single- and multiple pulses in air) with the area-based approach using a
Leica ALS70HA-laser scanner was studied. The study was conducted in a managed pine-dominated
forest area in Finland, where eight separate discrete-return ALS data were acquired with the same
aerial coverage. With these ALS data sets and field data comprising 47 field sample plots the estimates
for plot-level volume and mean height were calculated. The comparison of results of the different data
sets was based on the bootstrap approach with 5-fold cross validation.

Resultsindicated that the narrowerscanningangle (+15°i.e.30°) led to slightly more accurate estimates
of plot volume (RMSE%: 21-24 vs. 22.5-25) and mean height (RMSE%: 8.5-11 vs. 9-12). In addition, the
results indicated that a moderate increase in flying altitude does not directly decrease the accuracy
of the prediction. This is the situation not only with the narrower scanning angle but also with the
wider scanning angle. This can be considered as a positive finding because it means that (almost) the
same RMSE% can be obtained at a lower cost. Our analysis also indicated that contemporary ALS
technology enables the use of multiple pulses in air mode.
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Abstract

Information on the spatial distribution of aboveground biomass (AGB) over large areas is needed for
understanding and managing the processes involved in the carbon cycle, and supporting international
policies for climate change mitigation and adaption. Furthermore, these products provide local
stakeholders withimportant baseline datafor the development of sustainable management strategies.
Using remote sensing techniques it is possible to provide spatially explicit information of AGB from
local to global scales. In this work we present a twostage upscaling approach to estimate forest
aboveground biomass in Mexico at national scale based on multi-sensor remote sensing data. For this,
we estimate firstly AGB along the airborne LiDAR transects using Mexican National Forest Inventory
data collected by CONAFOR and very high resolution NASA G-LiHT LiDAR data. We calculated from
discrete-return LiDAR data more than 8o LiDAR metrics that are then related to field-estimated AGB.
In the next step, we calibrate active (ALOS PALSAR) and passive satellite imagery (Landsat) with
LiDAR-based AGB estimates in a non-parametric Random Forest model to create a national wall-to-
wall AGB map. Finally, the generated AGB product is validated using independent Mexican National
Forest Inventory data that were not used for model training. Furthermore, we modeled AGB at national
scale using satellite imagery and National Forest Inventory data only and compared to the results from
the two-stage up-scaling approach in order to show a benefit of using airborne LiDAR data for large-
area mapping. With airborne LiDAR data we increase a number of calibration data, which leads to a
robust estimation of AGB. Moreover, since field measurements are limited to point measurements,
they cannot adequately describe patterns at different spatial scales. In contrast, airborne LiDAR data

captures spatial variability of forest structure and improves estimation of AGB.
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The Global Ecosystem Dynamics Investigation
(GEDI) is a NASA funded, University of Maryland
(UMD) led mission to measure forest structure
from the International Space Station. GEDI will
be launched in early 2019 and provide waveform
LIDAR measurements of Earth’s forests between
~51 degrees North and South. One of the mission’s
primary goals is to produce an empirically derived
map of aboveground biomass (AGB). To estimate
biomassfrom GEDIdata, modelsarebeingdeveloped
from existing spatially and temporally coincident
airborne LiDAR and field measurements. Airborne
LiDAR are processed to simulate GEDI waveforms,
from which waveform metrics are extracted. These
metrics, (e.g. height percentiles), are empirically
related to field estimates of AGB. Here, we present

first results from tropical forests in Africa, Central
and South America. This presentation includes
results from Tanzania, Gabon, the Democratic
Republic of Congo, Costa Rica, Panama, Borneo,
Brazil, French Guyana, and Columbia. We develop
models both at the footprint (25 m diameter circle)
and multi-footprint level to assess the sensitivity
of modeling results to spatial scale. We test cross-
validated model accuracy using different regression
modeling frameworks including multiple linear,
stepwise linear, hierarchical Bayesian, and random
forests. Accuracies are assessed as a function of
topography, height, canopy cover, biomass, and
eco-region. Preliminary results show that modeling
accuracy decreases with increasing biomass, and
increases with increasing plot size.
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Introduction

In Europe most of the forest inventories focus on
forest only without giving detailed information
other natural vegetation. Forest maps use mainly
a vector-based approach where polygons consider
forest stands as homogeneous. They updated
approximatively every 10 years. Nomenclatures and
classes definition change over different countries,
even over different provinces. We aim to use
remote sensing image as complementary source
of information to take into account more types of
forests and natural vegetation, to consider mixed
forest stands and gradients, to propose updates
regularly, and to homogenize nomenclatures. But
detailed forest cover mapping at a regional scale
by supervised classification is technically limited
by various factors. In a heterogeneous mountain
area, this study presents three points: the ability
of an OBIA landscape stratification method to
improve classification accuracy, the impact of time
compositing and finally the interest of studying
temporal consistency for accuracy assessment.

Materials

The study area is the Pyrenees mountain range
located at the border of France, Spain and Andorra,
covering a 75000 km2 area. The elevation rises from
sea level to over 3000 m, with climatic influences
from Atlantic Ocean and Mediterranean Sea. We
processed MOD13Q1 products of Terra-MODIS,
using both NDVI (Rouse et al. 1973) and EVI (Huete
et al. 2002) in 16-day composite images, at 250 m
spatial resolution. The time series spans from 2000
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to 2014, with 23 synthesis per year. We used as a
reference a synthesis of existing forest inventories,
namely the “Inventaire Forestier National” (IFN,
http://inventaire-forestier.ign.fr/spip/) for France,
the “Mapa Forestal de Espana” (MFE, www.
magrama.gob.es/es/biodiversidad/servicios/banco-
datos-naturaleza/informacion-disponible/mfeso.
aspx) for Spain and the “"Mapa Forestal del Principat
d'’Andorra”  (MFPA,  http://www.iea.ad/mapa-
forestal-del-principat-dandorra) for Andorra. An
harmonized forest type nomenclature was created
from this database, composed of 22 forest and
natural vegetation classes.

Methodology

Stratification

The supervised classification was based on
Maximum Likelihood algorithm (ML). ML is

parametric approach, based on the hypothesis that
the values of each class are normally distributed in
a multidimensional features space (Richards 2013).
This may be a limitation to classify heterogeneous
natural vegetation over wide areas. To deal with this
problem an approach using spatial strafication to
divideeachclassintomorehomogeneoussub-classes
is frequently used (Richards and Kingsbury 2014).
The first step of the stratification was to delineate
radiometrically homogeneous regions considered
as landscape units using the object segmentation
method developed by (Bisquert et al. 2015). Principal
component analysis was apply to monthly synthesis
of EVI to select the 3 most representative dates.
Haralick textural indices (homogeneity, contrast,
dissimilarity, entropy and second moment) were
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Table 1: Combination of variety and frequency

Variety
1 2 to maximum
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Maximum Alwaysclassified as | Sableand classifiedas | -
> (every year) the reference the reference
S Intermediate - Errorsand change
=] values
g - Sable affected to a Errorsand change
I Never classified asthe .
0 class different from the
reference
reference

processed on a 5xsg pixels window. Then, the best
combination of EVI and textural index and optimal
scale parameters for segmentation, were chosen
with unsupervised evaluation methods (Johnson
and Xie 2011; Zhang et al. 2012). The second step
was to simplify the 56 homogeneous landscape units
created. Non-forested units were eliminated. Each
units with too small an area was merged with the
most similar nearby unit. Finally 25 homogeneous
landscape units were kept as strata. Classification
accuracies with and without stratification were
compared globally and per strata. Indices describing
the topographical and landscape of the strata
were used to identify characteristics related with
improvement of classification’s quality (Cano et al.
2017).

Input data and time compositing

Previously to the stratification, we analyzed the
effect of the organization of input data on the quality
of the classification, we compared:

e NDVIandEVI

e Annual temporal compositing: 3 dates, all the
dates, all dates except winter

e Inter-annual compositing: all the images for 1,
2 or 3 years, and calculating average images for
each date over 2 or 3 years.

Classifications with different combinations were
compared.

Temporal consistency

Kappa, producer’'s and user’s accuracy and reject
fraction were used to assess the classification
quality (Congalton 1991). These indicators were
calculated using the synthesis of forest inventories
as a reference, selecting the pixels fully included in
forest polygons. Particular emphasis was made on
the temporal consistency of the results (Darren et

al. 2012). Frequency, variety and their combination
were caculated as indicator of temporal consistency
using all the classifications processed from 2000 to
2014. Frequency indicates the number of years a
pixel is classified as the reference. Variety shows the
number of different classes are assigned to a pixel.
Their combination allows to identify 3 categories of
results:

e Stable and classified as the reference

e Stable assigned to a class different from the
reference

e All others cases considered as error or change

Results

Input data and time compositing

Kappa values presented (figure 1) show clearly the
interest of using all the available dates, aside from
winter, for 3 years. Kappa value rises from 0.35 to
more than o.50 between a data set composed of
3 dates of NDVI for 1 year and the one composed
of all available dates, aside from winter, for 3
years. Furthermore classifications based on NDVI
systematically show better results than the one
based on EVI.

Stratification

We compare classification for 2007-2009 and 2009-
2011threeyears period, for NDVI. Kappaindexvalues
increased similarly for both periods, respectively,
from 0.53 to 0.65 and from 0.52 to 0.64. Meanwhile,
reject fraction (RF) value increased from 6 to 13%.
Results per strata (figure 2) show that higher Kappa
are usually accompanied by high reject fraction.

Most of the topographical and landscape indices
have no particular influence on the classifications
quality (table 2). The area and the forest cover rate for
each stratum are the only indices correlated with the
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Figure 2: Effect of stratification on Kappa and reject fraction

per strata

increase in classification quality. The interpretation
of these indices allows to identify thresholds which
leads to differentiate 3 groups:

e Strata with area >450 000 ha and forest area >120
000 ha: with no effect on classification quality
Strata with area <100 000 ha and forest area <5
000 ha: very high reject fraction

Intermediate strata presents an enhancement of

the classification quality.

Temporal consistency

Mapping the results of the combination of frequency
and variety displays a spatial organization of these
indicators (figure 3). Groups of pixels identified as
stable and misclassified seems to indicate errors in
the reference map based on the forest inventories.
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Table 2: Coefficient of determination (R2)
between the stratum indicators and the
perstratum K and RF differences for the 2007-
2009 period (bold: significant for a=0.01; (+):
positive correlation; (-): negative correlation).

Unstable pixels are often localized on the border
between polygons of two different classes. Our
hypothesis is that we may have some noisy data
with misregistration or acquisition angle problems.
On wider area these unstable pixels may indicate
a gradient and mixed pixels where the forest
inventories drew a linear limit.

Conclusion

Time series composing shows clearly the advantage
of using a three year series as input data for the
classification.

The object based stratification is easy to process
and useful to improve Maximum Likelihood results.
The landscape analysis stratification approach has
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Green: Stable and classified as the reference
Purple: Stable affected to a class different from the reference
White: Errors and change

Figure 3: Extract of the map showing the combination of frequency and variety

the same efficiency level as the usual approaches
encountered in literature. Only easily accessible
remote sensing data have been used and this
method does not have to rely on existent thematic
map or on expert knowledge. The analysis of the
strata landscape characteristics leads to strata
definition operational items that could be used
to adjust the parameters while creating HLU and
defining the strata. Strata area and the forest cover
rate are determining attributes to strata delineation.
Segmentation parameters can be adjusted to
produce an optimized stratification.

Accuracy assessment indicators processed from
confusion matrix are limited to the available
references. Reject fraction can be used for algorithm
quality assessment, furthermore it could be useful
for training evaluation and update. Temporal
consistency is an original point developed here. It
is complementary to existing accuracy assessment.
Variability can always be calculated. Frequency
is limited to reference availability but allows to
benefit from imperfect reference data. Thematic
interpretation of their combination needs to be
developed to distinguish errors from change.
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The Newton Fund aims to strengthen research
and innovation partnerships between the UK and
emerging knowledge economies, and forms part
of the UK's Official Development Assistance (ODA)
commitment. A research partnership was developed
between collaborators from Swansea University and
Forest Research in the UK, and the Chinese Academy
of Forestry (IFRIT and RIRI), and funded through a
Newton Agritech Project and the Royal Society
University Research Fellowship.

Lidar remote sensing was used to produce forest
structure, density and canopy profile-based inputs
for a fuel model. These enabled potential fuels to
be better-characterised using spatial variability
of vegetation and canopy structure, reducing
assumptionsfromfield data sampling, andimproving
the resolution of fire risk information.

The project included an intensive, collaborative
month-long field campaign in Yunnan Province,
China. Remote sensing analysis was used to segment
and stratify the landscape using representative
land cover classes and age distribution, enabling
the impartial selection of field plot locations. The
four vegetation classes comprised broadleaf forest,
conifer forest, bamboo stands, and economic shrubs
(tea and coffee). Broadleaves and conifers were
further subcategorised into young, pole and mature
classes.
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The project adapts and applies the US Forest
Service Fuel Characteristic Classification System
(FCCS) to the Chinese context. Lidar permitted
direct observations and estimates of the spatial
variability of canopy structure, fractional cover, and
dynamic vegetation parameters which are key to
the successful estimation of fire risk. Understorey
shrubs, ladder fuels, herb layer and litter were less
easily estimated using remote sensing and were
therefore characterised using mean static values
from field investigation for each vegetation class.
SMAP data were additionally incorporated in order
to assess seasonal variability of susceptibility of a
fuelbed to surface and crown fires, and to consume
fuels.

The methodology reduces the assumptions based
purely on vegetation type that would otherwise
be typically formed from a coarse, ground-based
sampling scheme and conventional field procedures.
The results can inform management decisions
regarding risk potential and containment, allowing
specific at-risk stands to be managed or monitored
accordingly e.g. using fire breaks or managing
undergrowth. The proximity of shrub and forest
agriculture to rural dwellings, and the spatial
assessment of fire susceptibility and behaviour
potential, can have societal implications, both for
economic security (i.e. loss of potential revenue) and
for population safety.
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Abstract

Remote sensing has been widely used for mapping and characterizing changes in forest cover, but
the available remote sensing forest change products are not discriminating between deforestation
(permanent transition from forest to non-forest), industrial forest management (logging followed by
regrowth, with no land use change) and natural disturbances such as insect damage and fires (forest
cover loss followed by regrowth, also with no land use change) (Hansen et al, 2010). Current estimates
of carbon-equivalent emissions report the contribution of deforestation as 12% of total anthropogenic
carbon emissions (van der Werf et al., 2009), but accurate monitoring of forest carbon balance should
discriminate between land use change related to forest natural disturbances, and forest management.
The total change in forest cover (Gross Forest Cover Loss, GFLC) needs to be characterized based on
the cause (natural/human) and on the outcome of the change (regeneration to forest/transition to
non/forest)(Kurtz et al, 2010). Industrial forestry is nowadays highly optimized: economic profitability
forces the adoption of standard practices resulting in very clear spatial patterns evident to human
interpreter, but hardly detectable with traditional satellite mapping approaches. To overcome these
challenges, we propose a methodology for post-processing forest cover change maps (Hansen et
al., 2013) by classifying each forest cover loss detection as either (a) deforestation, (b) fire and insect
disturbances or (c) forest management practices. The classification methodology combines the use
of multitemporal Landsat data time series, and object-oriented analysis of shapes, textures, and
spatial relationships of the areas of forest cover loss. The methods are demonstrated by wall-to-wall
classification of the forest cover loss in the conterminous United States for the 2002-2011 period.
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Abstract

Airborne Laser Scanning data (ALS) are now regularly used to characterize forest structure. In this
study, we determined the effects of the scanning angle settings of an ALS system and those of the
point spacing on the accuracy of merchantable timber volume estimates of balsam fir plots in eastern
Canada. We used the ALS point cloud to compute predictor variables of the merchantable volume in
a nonlinear model. Our best model included ALS mean height, the proportion of first returns below 2
m and the rumple index. Our analysis showed a high correlation (pseudo-R? = 0.91, RSE = 27.5 m3.ha-?)
between ALS and field data of 119 plots. A more accurate merchantable volume estimate was obtained
from ALS data by focusing in the explanation of the residual variance of a standard prediction model.
We reduced the RSE (residual standard error) from 27.5 m3.ha* to 13.5 m3.ha* by including a variable
accounting for the spatial distribution of the ALS returns in our model. There was, however, no effect
of the ALS returns density on the merchantable volume models (p=0.74). This suggests that the
spatial distribution of ALS returns rather than the point density should be considered when deriving
merchantable volume estimates from ALS data.
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Industrial forest mapping:
a Landsat Spatial and Temporal Approach
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2 Rocky Mountain Research Station, US Forest Service, Moscow, ID 83844, USA

Keywords Forest Mapping and Inventory, Landsat, Automatic processing, Object Oriented, Deforestation,
Industrial Forestry

Abstract

Remote sensing has been widely used for mapping and characterizing changes in forest cover, but
the available remote sensing forest change products are not discriminating between deforestation
(permanent transition from forest to non-forest), industrial forest management (logging followed by
regrowth, with no land use change) and natural disturbances such as insect damage and fires (forest
cover loss followed by regrowth, also with no land use change) (Hansen et al, 2010). Current estimates
of carbon-equivalent emissions report the contribution of deforestation as 12% of total anthropogenic
carbon emissions (van der Werf et al., 2009), but accurate monitoring of forest carbon balance should
discriminate between land use change related to forest natural disturbances, and forest management.
The total change in forest cover (Gross Forest Cover Loss, GFLC) needs to be characterized based on
the cause (natural/human) and on the outcome of the change (regeneration to forest/transition to
non/forest)(Kurtz et al, 2010). Industrial forestry is nowadays highly optimized: economic profitability
forces the adoption of standard practices resulting in very clear spatial patterns evident to human
interpreter, but hardly detectable with traditional satellite mapping approaches. To overcome these
challenges, we propose a methodology for post-processing forest cover change maps (Hansen et
al., 2013) by classifying each forest cover loss detection as either (a) deforestation, (b) fire and insect
disturbances or (c) forest management practices. The classification methodology combines the use
of multitemporal Landsat data time series, and object-oriented analysis of shapes, textures, and
spatial relationships of the areas of forest cover loss. The methods are demonstrated by wall-to-wall
classification of the forest cover loss in the conterminous United States for the 2002-2011 period.
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Abstract

Acquiring high spatial and temporal resolution imagery from small unmanned aerial systems (sUAS)
provides new opportunities forinventorying forests at small scales. Only afew studies have investigated
the use of UASs in forest inventories, and the results are inconsistent and incomplete. The present
study used three-dimensional (3D) variables derived from UAS imagery in combination with ground
reference data to fit linear models for Lorey’s mean height (h ), dominant height (h, ), stem number
(N), basal area (G), and stem volume (V). Plot-level cross validation revealed adjusted R2 values of 0.71,
0.97,0.60,0.60, and 0.85 forh , h, N, G, andV, respectively, with corresponding RMSE values of 1.4
m, 0.7 m, 538.2 ha™, 4.5 m*ha™, and 38.3 m3-ha™. The respective relative RMSE values were 13.3%,
3.5%, 39.2%, 15.4%, and 14.5% of the mean ground reference values. The mean predicted values did
not differ significantly from the reference values. The results revealed that the use of UAS imagery
can provide relatively accurate and timely forest inventory information at a local scale. In addition,
the present study highlights the practical advantages of UAS-assisted forest inventories, including
adaptive planning, high project customization, and rapid implementation, even under challenging
weather conditions.
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Large scale timber volume prediction with digital aerial
photogrammetry and national forest inventory data
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Digital aerial photogrammetry (DAP) is a relatively
new source of high resolution 3D information for
remote sensing assisted forest inventories. Forest
parameters have been predicted with similar
accuracy as with airborne laser scanning (ALS) on
small study areas with homogeneous conditions.
Accuracies for large scale applications, however,
have not yet been reported. In our study we used
DAP and national forest inventory (NFI) data to fit a
timber volume prediction model on a large area with
varying terrain and forest vegetation. Based on this
model, we tested the influence of various factors on
the accuracy.

Aerial images were acquired in 2010 and 2013 over
two adjacent areas in central Norway. The total
area was 24 473 km2. The two image blocks were
processed separately to point clouds using different
matching strategies. A digital terrain model based
on ALS data was used to extract vegetation heights.
Timber volume measurements of 513 National
Forest inventory plots which had been collected
during a period of five years were used as reference
data. We calculated numerical metrics describing
the height distribution of the DAP data at the

sample plots. A linear model was fitted to the timber
volume measurements using DAP height metrics as
explanatory variables. Cross validation was used to
calculate R2 and RMSE (root mean squared error)
of the model. Additionally, we calculated a range
of variables describing the time difference between
inventory and image acquisition, the color of the
point cloud, and terrain and light conditions. The
effect of these additional variables on the model
accuracy was used to investigate the influence of
the heterogeneous conditions caused by large area
coverage.

The model based on the DAP height metrics
had a R? of 0.83 and a RMSE of 38 m3 ha-1, which
corresponded to 49% of the mean observed timber
volume. Including relative sun inclination during
the image acquisition at the inventory plot, as well
as the time difference between the inventory and
the aerial image acquisition showed the largest
influence on the model accuracy. The R2increased to
0.85and the RMSE was reduced to 35 m3 ha-1 (45%).
The time difference of the two image acquisitions in
combination with different matching strategies had
only a marginal influence on the accuracy.
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Abstract

For most forest attributes (timber volume, biomass, mean height etc.) airborne laser scanning (ALS)
has been shown to be the remotely sensed source of auxiliary information that provides the most
accurate estimates (e.g. Zolkos et al. 2013). In the case of aboveground biomass (AGB), variation in
crown allometry is largely accounted for by the ALS data since the echo distribution resulting from
the collection of ALS data is directly dependent on the three-dimensional biomass distribution of the
different crown components (e.g., Magnussen & Boudewyn 1998). ALS based forest biomass studies
hasreported considerably largererrors forthe biomass estimatesthanthose foundin studies conducted
in productive low-land forests (e.g. Montagnoli et al. 2015). The reason may be that montane forests,
on small spatial scales, are more heterogeneous with respect to growing conditions and terrain. On a
larger scale, climate will also affect growing conditions and allometry.

This study consider ALS based AGB prediction in mountain forests. The objectives of this study were 1)
to test the accuracy of ALS-based AGB models calibrated on data comprising high levels of small-scale
variation in tree allometry as well as large-scale variation in the underlying growing conditions, 2) to
test the additional effect of proxies for growing conditions in models for AGB based on ALS variables,
and 3) to test the additional effect of species information in models for AGB based on ALS variables
and proxies for growing conditions.

The study area consisted of a long transect from southern Norway to northern parts of the country
with wide ranges of elevation and latitude. The transect was covered by ALS data and field data from
238 plots. AGB was modeled using different types of predictor variables, namely ALS metrics, variables
related to growing conditions and tree species information. To represent growing conditions, we
used climatic metrics, elevation and latitude as predictor variables. We applied both linear regression
modeling and k nearest neighbor (k-nn) imputation. The k-nn approach was applied to examine the
predicting power of different types of variables, whereas linear regression analysis was performed to
construct general and dominant species level ALS-based biomass prediction models.

Modelling of AGB inthe long transect covering diverse mountainous forest conditions was challenging,
the RMSE values being rather large (37-70%). The effect of growing conditions was minorin predictions.
Furthermore, we did not find good proxy variables for different tree forms and climatic conditions that
potentially could have provided additional information beyond the tree allometry-related information
reflected by the ALS metrics. However, species information was essential to improve accuracy. The
analysis revealed that when doing inventories of spruce dominated areas, all plots should be pooled
together when the models are developed, whereas if pines or deciduous dominate the area in question,
separate dominant species-wise models should be constructed.
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Mapping Amazonian biodiversity and geology using
basin-wide fern species inventories and Landsat imagery
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Fern species composition has been found to be
a predictor of species composition of other plant
groups, as well as soil properties. The University of
Turku Amazon Research Team and the Brazilian
Program for Biodiversity Research have developed
rapid fern species inventories methods based on
long plots. Collecting 1000 plots over the past
30 years, we have accumulated an exceptionally
large and internally consistent data set of fern
species composition and soil properties. These
field inventories have allowed us to document high
local-scale plant heterogeneity, and to identify
the interface of geological formations. Evidently,
these field inventories are labour intensive and can
only cover certain selected regions of the Amazon
basin. Satellite remote sensing is an indispensable
tool in order to achieve a comprehensive mapping
of Amazonian forest biodiversity and geology. Due
to the high heterogeneity at the local scale, such
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mapping requires high resolution images like those
acquired by the Landsat satellites. Previous research
has shown that spectral patterns in individual
Landsat images reflect patterns in fern species
composition and geology, but radiometric artefacts
in Landsat imagery —caused by, e.g., atmospheric
contamination or the bidirectional reflectance
distribution function—have for a long time hampered
the use of Landsat overlargerareas. Recentadvances
in image preprocessing (atmospheric correction,
directional normalization and image compositing)
and processing capabilities have now allowed us to
generate a radiometrically consistent, cloud-free
Landsat TM/ETM+ image composite covering the
entire Amazon basin. We here combine this Landsat
mosaic with our entire dataset of fern species
inventories to obtain a wall-to-wall mapping of plant
biodiversity and the underlying soil properties at an
unprecedented spatial resolution.
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About 10% of forest area has been certified globally,
however, the speed of certification has slowed down
and the vast majority of certified forests are located
in the northern hemisphere. There are currently no
spatially explicit, openly accessible data available
on forest certification below national level so
understanding the drivers of these developments,
examining the scope for further certification and
using this information for development of future
sustainable forest management strategies are
challenging. We present a methodology for the
development of a spatially explicit global map
of certified forest areas as well as an online tool
(http://forest.geo-wiki.org) for visualization and
interactive improvement of the map, which is aimed
at a range of stakeholders including certification

bodies, third-party certifiers, green NGOs, forestry
organizations, decision-makers, scientists and
local experts. A new methodology for downscaling
national forest certification statistics has resulted in
the first spatially explicit global forest certification
map at a 1km resolution. Regional validation
(Russia) suggests an overall accuracy of 89%. By
building such a community-based online tool, more
accurate information on forest certification will
become available, promoting the sharing of data
and encouraging more transparent and sustainable
forest management. Such an approach is intended
to encourage transparency in the forest certification
arena but will also provide benefits to multiple
users, e.g. in monitoring, marketing and in the
development of targeted policy strategies.
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Abstract

The objective of this work is to assess the extent of forest degraded areas due to fires in 2010 in Mato
Grosso State, southern Amazonia. Mato Grosso State has experienced high deforestation rates and
therefore forest degradation activities due to fires do occur. For this work, we selected 42 Landsat
TM images acquired during the dry season of year 2010. The proposed method is based on (i) linear
spectral mixing model applied to TM images to derive soil, vegetation and shade fraction images
and (ii) image segmentation and classification applied to the shade fraction images. In a first step,
a map of forest/non forest areas are derived from Hansen et al. (2013) dataset. Then burned areas
are identified and mapped from the shade fraction images. These mapped areas are then distributed
in the three land cover types, i.e., forest, non forest (cerrado and old deforestation), and deforested
areas from 2001 to 2010. Our results showed that 32% of forests in Mato Grosso were burned during
year 2010 (22,633 km?) likely degrading the forest ecosystem. In addition, 5,175 km? (7%) of burning
occurred in the areas deforested from 2001 to 2010 and 42,510 km? (612%) occurred in the Cerrado and
old deforestation areas. The proposed method is efficient for mapping degraded forest areas due to
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fires. The information is important for the carbon emission estimation.

Introduction

A large part of the gross carbon emissions into
the atmosphere due to land cover changes is
attributable to deforestation in the tropics (Achard
et al., 2014). Forest degradation, defined as long-
term disturbance in forested areas, is considered
to represent up to 40% of the gross emissions from
deforestation in the Brazilian Amazon (Aragdo et
al., 2014). In this region deforestation is defined as
forest clear cut with conversion to other land uses
(INPE, 2008), while forest degradation is related to
a combination of selective logging and forest fires
(Asner et al., 2009, Berenguer et al., 2014).
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Hansen et al. (2013) mapped global tree cover extent,
loss, and gain for the period from 2000 to 2012
at a spatial resolution of 30 m, with loss allocated
annually. Then from this dataset, the forest/non
forest map can be extracted for the year 2000 to
2012 by selecting some tree cover threshold value.

Fraction images derived from different remote
sensing sensors have been used for many tropical
forest applications, especially in the Brazilian
Amazon. Specifically the ones derived from the
Landsat Thematic Mapper were tested for this
region for mapping areas of degraded forests due to
the following characteristics: a) vegetation fraction
images highlight the forest cover conditions and allow
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differentiating between forest and non-forest areas
similarly to vegetation indices such as the Normalized
Difference Vegetation Index (NDVI) and the Enhanced
Vegetation Index (EVI); b) shade fraction images
highlight areas with low reflectance values such as
water, shadow and burned areas; and c) soil fraction
images highlight areas with high reflectance values
such as bare soil and clear-cuts (Shimabukuro et al,,
2014). In this context the main purpose of this study
is to present an estimate of the extent of degraded
forest due to fires in Mato Grosso State, Brazilian
Amazon, using a semi-automated procedure based
on fraction images derived from TM sensor.

Methodology

The study area corresponds to Mato Grosso State
located in the Brazilian Amazon region. Due to
variable climate, terrain relief, precipitation patterns,
and length of the dry season, the State of Mato
Grosso comprises parts of three Brazilian biomes,
the Amazon, the Cerrado, and a portion of the
Pantanal, and has a naturally very high biodiversity
with vegetation types ranging from dense evergreen
forest to deciduous open forest, savannas, natural
grasslands and seasonal wetlands. This region has
taken place a high rate on conversion of vegetation
cover not only due to the recent use of mechanized
agriculture but also due to deforestation processes,
selective logging and burning (INPE, 2005, 2008).

For this work, we selected 42 Landsat TM images
at 30 m spatial resolution acquired during the
dry season of year 2010 to adapt a methodology
developed by Shimabukuro et al. (2009) for burned
area estimation.

The proposed method for mapping the forest
degradation by fire consists in four steps. The first
step (i) of our approach is to obtain a forest mask. In
this case, we used the Hansen et al. (2013) dataset.
The second step (ii) consisted in the generation of
fraction images (Shimabukuro and Smith, 1991) for
the 42 Landsat TM images selected during the dry
season of year 2010. The burned areas are assessed
from the shade fraction images considering that
the shade fraction images highlight areas with low
reflectance corresponding to burned areas.

The third step (iii) of our approach was divided in two
parts. First, a shade fraction image was segmented

and then an unsupervised classification algorithm
was applied in order to derive individual and explicit
objects (polygons). Secondly, the resulting clusters
of objects were assigned as unburned or burned
areas from their spectral and textural properties
derived from shade fraction images.

The fourth step consists in producing the forest
degradation areas due to forest fires (burned forest),
by combining the resulting maps of forest/non-
forest areas (first step) with the burned area maps
(from the third step), i.e. the forested areas that
were burned without clear cut during the year 2010.

Results

The forest/non forest map derived from Hansen et al.
(2013) shows that forest cover (>50% of tree cover) is
458,677 km? and 74,129 km? of forest loss from 2000
to 2010 (5,403 km? from 2010). Our results (Figure 1)
showed that 70,317 km? was burned in the State of
Mato Grosso during the year 2010. From thisamount
5,175 km? was deforested and burned and 22,633
km? was forest burned, i.e. forest degraded by fire.
The most burned areas (42,510 km2) occurred in the
non-forest areas (Cerrado and old deforested areas).

The depicted burned areas in Amazonia are related
to management activities using fire, to deforestation
process, or to a degradation process: in the case of
deforestation the forest cover is first clear cut and
then the remaining vegetation is burned to allow
using the land for agriculture (cropland or grassland).
In the case of forest degradation, the forest cover is
burned through an uncontrolled fire without removal
of wood nor conversion to another land use. This
makes the use of a forest/non-forest map essential
for differentiating between deforestation and
forest degradation processes. Deforested areas will
appear as non-forest areas (cropland or grassland)
in the successive months or years after the initial
deforestation event while burned forests (degraded
forest) will recover as forest regrowth (Shimabukuro
etal., 2014).

Conclusions

The proposed method is efficient for mapping
burned forest areas (degraded forest areas due to
fires). An initial forest/non forest map is essential for
developing a procedure for mapping degradation
areas due to forest fires.
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Fig.1 - Burned areas depicted by our method: in red over the forest areas and in blue
over the non-forest areas.

The shade fraction image generated from the
application of spectral linear mixing model on
Landsat TM images allowed to identify and to map
burned areas semi automatically. Then combining
the burned areas result with the forest/non forest
map derived from Hansen et al. (2013) dataset
allowed to estimate the degradation forest areas due
to forest fire. These information are very important
for the carbon emission estimation.
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Abstract

Mapping aboveground biomass using remote sensing has been proven to be accurate at local scales,
especially when relying on small footprint lidar data and their derived height metrics. Extending these
biomass estimations to larger areas that are not covered by lidar is a challenge that has yet to be resolved.
In this study, we show that developing a forest height map based on multiple remote sensing sources
can be the first step to producing a biomass map at a regional scale. Focusing on mapping forest height
prior to estimate biomass circumvents the issues of having errors related to local forest structure and
differences in allometry.

We are testing a random forest algorithm based on spaceborne remote sensing layers over the Chocd
region, located along the Pacific coast of Colombia, combining information on topography (SRTM), forest
structure (ALOS) and spectral signature (Landsat). Forty-seven small footprint lidar scenes of 20km?
each, based on stratified random sampling over the whole Chocé region as part of a BioREDD project,
are used as the training data. The result is a forest height map covering the Choco region, for which the
uncertainties are reported at the pixel level. The effect of spatial resolution is also being analyzed. The last
step of the analysis consists in determining allometric equations based on available ground data in the
region and local parameters such as wood density. We test the hypothesis that biomass can be estimated
at a regional scale if based on an accurate forest height map and wood density information.
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Large-area mapping of forest structural attributes
is a critical information need for national forest
reporting. Landsat time series data provide key
long-term information on land cover and land cover
change, including forest cover and disturbance
characteristics. Passive optical data alone however
are limited in their capacity to estimate forest
structural attributes such as height and biomass.

Inthis contribution, we present alarge-scale mapping
approach to estimate key forest structural variables
across the forested area of Canada by leveraging the
Landsat archive (TM/ETM+ sensors) and LiDAR plots
(airborne laser-based observations of the forest
structure). A cross-country LiDAR transect acquired
in 2010 provided the response variables describing
the vertical structure of the forest. Spatially

comprehensive pixel-based image composites
(cloud-free, radiometrically and phenologically
consistent surface reflectance composites), derived
vegetation indices and forest disturbance history
combined with topographic variables provided the
predictors. The random forest framework, a widely
accepted, robust and accurate approach was used
to impute stand height over the entire forested
area. Such a statistical model was developed and
validated on a set of more than 80,000 LiDAR plots.

With the full availability of the Landsat archive,
these wall-to-wall predictions can inform models of
stand development over time, and provide critical
information to national monitoring programs and
forest management policies.
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Fuel reduction burns are commonly used in fire-
prone forests to reduce the risk of wildfire, or to
maintain ecosystem condition and diversity. As
such, producing quantified assessments of fire-
induced change is important to understanding the
outcomes of the intervention. This study aims to
quantify the changes in fuel structure generated
by a fuel reduction burn using image-based point
clouds. Colocated image sets are collected pre and
post burn within a dry sclerophyll forest in South
East Australia. These image sets are used to produce
point clouds, from which metrics representing
fuel volume, horizontal connectivity, and vertical
stratification are derived. Fire-induced change in
these metrics is assessed and the efficacy of the burn
in relation to fuel hazard is described. The method
is assessed against two sets of data, (1) the results
of visual fuel hazard and fire severity assessments
following standard guidelines used by Australian
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land managers, and (2) the point clouds generated
using Terrestrial Laser Scanning (TLS) data collected
from a similar fire-altered forest plot. It is shown
that a similar correlation between fuel load and
image-based point cloud estimated volume (r2 =
0.70 t0 0.87) and TLS estimated volume (r2 = 0.69 to
0.81) exists. Furthermore, similarities between the
image-based and TLS point clouds in mapping fuel
depths (root mean square deviation (rmsd) less than
0.03 m) and horizontal coverage (rmsd less than
5%) indicate that the fire-induced change can be
mapped using image-based point clouds with similar
detail and accuracy to that achieved with TLS. The
method utilises a low-cost consumer grade camera
and has similar in field requirements to the visual
assessments. As such the method presented can be
easily adapted for use by land managers to provide
routine and quantified assessments of fuel hazard
and fire severity.
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Abstract

This paper evaluates predictions of Lorey’s mean height (H ), basal-area (BA) and stem volume (VOL)
of boreal forest at two Swedish test sites, Krycklan and Remningstorp. Forest heights derived from
very high resolution stereo matched satellite data from the Pléiades sensor or the WorldView-2
sensor were trained with 10 m field plots and then predictions and evaluations were performed on
independently inventoried 40 m field plots. The best prediction results were found in Krycklan with
WorldView-2 data, with H = 3.4% RMSE, VOL = 9.8% RMSE and BA with 9.7% RMSE. In conclusion,
both sensors delivered robust and accurate imagery for both the evaluated test sites. Moreover, the
presented approach appears suitable for operational forestry planning, especially at remote locations

with limited or no other remote sensing data.

Introduction

There is a steady need of establishing and updating
information about the forest. Airborne laser
scanning (ALS) has for more than one decade been
considered the most accurate remote sensing
technique thatin combination with field samples can
be used to create wall-to-wall estimations of typical
forest variables, like Lorey’s mean height (HL), stem
volume (VOL) or basal-area (BA). Many countries,
including Sweden, can now offer complete national
terrain models based on ALS, which has enabled
also other techniques for estimations of this type
of variables. One such technique uses images
acquired from at least two directions which enables
stereogrammetricimage matchingto derive heights.
Forthis purpose, aerialimages orvery highresolution
(VHR) satellite images are suitable, as they often
possess resolutions below one meter. The image
matched result is a digital surface model (DSM) from
which the terrain model can be subtracted to obtain
the forest canopy height, which can be correlated
with different forest variables. One main advantage
of using stereo matched VHR images over ALS data,
is the significant lower price ($40/km? compared to
>$200/km?), and the high repetition frequency of

the satellites passing the region of interest (often
within days or a few weeks). The VHR imagery have
hence appeared as an attractive option to the more
expensive ALS data. The stereo matched heights
have been investigated in a number of papers, but
very few have compared the sensors Pléiades and
WorldView-2, both with image ground sampling
distances of about 0.5 m, in boreal forest (Persson &
Perko 2016; Persson 2016; Immitzer et al. 2016; Yu
et al. 2015; Shamsoddini et al. 2013).

This work evaluates and compares the estimation
of the forest variables Lorey’s mean height, stem
volume and basal-area, using stereogrammetrically
matched VHR imagery from the Pléiades or
WorldView-2 sensors.

Methods

VHR imagery have been stereogrammetrically
matched, using the software Remote Sensing
Package Graz, which utilizes the semi-global
matching algorithm, to derive height rasters. The
processing is further described in (Persson & Perko
2016; Persson 2016). The terrain height (obtained
from a national laser scanning for the duration of
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2009 to 2016) was subtracted to obtain canopy
heights. From the derived height rasters, different
metrics, e.g., mean height, standard deviation,
and numerous height percentiles, were extracted
for field plots located on the two test sites. These
metrics were furthermore used as explanatory
variables in multiple linear regression models,
where the models were trained on plots with 10 m
radius, and hereafter the models were evaluated on
independently inventoried 40 m plots.

The performance of respective VHR sensor was
evaluated and compared at two Swedish test sites
illustrated in Figure 1 (Krycklan, Lat. 64°16'N, Long.
19°46'E, and Remningstorp, Lat. 58°30'N, Long.
13°40'E). Systematic 1.0 mfield plots were distributed
at the respective test sites, from which the field
variables in question have been computed, using
established allometric equations. The estimated
variables were HL, BA and VOL. In Krycklan, the
five hundred 10 m plots were inventoried during
the fall 2015, while the thirty-two 40 m plots were
inventoried primarily before the 2016 vegetation
season. In Remningstorp, both the two hundred
sixty 10 m plots and the forty 40 m plots were
inventoried during the fall 2014. At all inventoried
plots, only trees with diameter breast height 20.04
m were calipered. Both the Pléiades and WV2 data
were acquired during 2015.

@

Results

From inspection of the model coefficients and
extracted heights, it appears that most WV2 height
percentiles are similar to each other, located close to
the top height, while the Pleiades height percentiles
differ more. That is, the Pléiades sensor appears to
catch a larger dynamic range compared to the WV2
sensor. Moreover, the detected top height appears
generally higher for the WV2 sensor compared to
the Pleiades. However, this might be due to possible
differences on how the acquired bands are used in
the matching. The WV2 images used in this study
were acquired as panchromatic images at 450-800
nm, while the Pléiades images were acquired in four
spectral bands, blue, green, red, and near-infrared,
with the possible (but not used) panchromatic range
of 480-830 nm, and possibly only a single band was
used in the image matching, which might cause the
larger height differences. This is to be clarified.

Estimation results from both sensors at the two
test sites indicate robust and similar results at both
test sites, despite the differences in the forests.
The heights were estimated with an RMSE below
one meter in Krycklan, corresponding to 3% to 6%
RMSE, while the accuracy was almost identical in
Remningstorp, with 5% RMSE (Table 1). As height
was the only variable directly derived from the VHR

(b)

Figure 1. Ortho-rectified Pléiades images of the two test sites superimposed in red. Krycklan (a) and
Remningstorp (b), located in northern (64°N) and southern (58°N) Sweden, respectively, projected in the
UTM 33N coordinate system on the WGS84 reference ellipsoid. © CNES_2015, distribution Astrium Services

/ Spot Image S.A, France, all rights reserved
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imagery, the same source of explanatory variables
(sometimes in transformed forms) were used to
predictH ,VOLandBA.Therefore, thesimilarityinthe
height results is reflected also for the variables VOL
and BA, with almost identical results for respective
sensor, at the respective test site. However, the
across test site values differ slightly, which might be
due to several reasons, including sampling errors,
differencesin time for the image acquisitions and the
field samples, and moreover due to the differences
of the forest types. One observation was that the
estimation accuracy of basal-area and stem volume

was highly correlated, despite that stem volume is
considered a threedimensional unity (including both
height and density of the forest) while basal-area
often functions as one measure of forest density.

The scatter plots were similar between the variables
and sensors, and hence an example on scatter plots
of the H, VOL and BA estimated from Pléiades
are illustrated in Figure 2 a,c,d and in addition, the
height estimation from WV2 data is also included
(Figure 2 b) for comparison.
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Figure 2. Scatter plots of the evaluated predictions from the Krycklan test site. a,c,d are estimations with the
Pléiades sensor and b from the WV2 sensor. a) HL, b) HL, c) VOL, d) BA
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Table 1 —Results from evaluation of the independently inventoried plots with 40 m radius.

Test site Sensor Variable | Unit RMSE | RMSE%
Krycklan Pléiades HL m 0.876 | 5.88
Krycklan Pléiades VOL m%ha | 29.1 10.2
Krycklan Pléiades BA m?%m? | 1.69 7.61
Krycklan WorldView-2 | HL m 0.502 | 3.38
Krycklan WorldView-2 | VOL m¥ha | 27.9 9.80
Krycklan WorldView-2 | BA m?m? | 1.51 9.67
Remningstorp | Pléiades Ho m 1.09 4.84
Remningstorp | Pléiades VOL m%ha | 36.1 10.9
Remningstorp | Pléiades BA m?/m? | 3.06 10.1
Remningstorp | WorldView-2 | HL m 1.10 4.88
Remningstorp | WorldView-2 | VOL m¥ha | 38.4 11.6
Remningstorp | WorldView-2 | BA m?/m? | 3.41 11.2

Conclusions

The conclusion is that stereo matching of VHR
satellite images is a promising method for
estimating forest variables, when a high-resolution
terrain model is available. The results from this
study, indicated that the dynamic range of Pléiades
heightsis larger than the heights obtained fromWV2
data. The BA and the VOL were highly correlated,
considering prediction accuracy, and both sensors
are giving robust and accurate acquisitions at both
the evaluated test sites.
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Abstract

The black spruce forests in north eastern Canada are considered as a potential source of wood fibre.
However, a considerable volume of timber in this region is located in areas that are prone to gradual
accumulation of surface organic matter deposits over time (paludification). Paludification is a natural
process where organic material accumulates on the ground surface over time, resulting in higher
soil moisture levels and elevated water tables (Crawford et al., 2003; Vygodskaya et al., 2007). These
conditions alter dynamic succession and favour the invasion of Sphagnum moss species (Fenton et al.,
2005), which can lead to the development of forested peatlands and substantial decreases in forest
productivity (Simard et al., 2007). Many parts of the world, including interior Alaska, the western Siberian
plain, and the Hudson Bay-James Bay Lowlands of Canada, are prone to paludification. In the black spruce
forests of the Abitibi and north of Quebec (A/NQ) regions, time-since-last fire, superficial deposit and flat
ground surface topography have been reported as the main factors that cause paludification (Laamrani
et al., 2014). For effective sustainable land resource management and policy making in northern black
spruce forests, an up-to-date and reliable predictive spatial map of paludification at the regional scale
is needed. The aim of this study was to predict paludified areas at a regional scale by parametrizing soil
organic layer-landscape models using a machine learning method (random Forest) and Maxent models.
Organic layer thickness (OLT) was predicted at a regional scale to map paludification. Most important
predictive variables were environmental data representing terrain attributes derived from digital
elevation models, landscape data derived from remotely sensed data, provincial Forest Inventory data
derived from Maps, and data on soil moisture parameters derived from Radarsat-2 data. Training sites
were constructed from OLT experimental sites; and the resulting regional map were validated with a set
of punctual OLT field-measured observations (~2500 points) spread over the study area. Knowledge of
the spatial extent of paludification at the regional scale is of great importance to forest industry and its
forest managers because it would allow them to make better cost-effective management decisions that
optimize forest productivity and ensure sustainability of the forest.
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Abstract

Heterogeneity in forest structure, naturally occurring or induced by disturbance, is continuous in space
and time. In practice, heterogeneity in structure is quantified from ecological or forest inventory data;
often bound to observations made on sample plots. For any given location, the plot-based quantities
of structure are known to vary for different plot sizes due to differences in unobserved neighborhoods
at plot boundaries. In regression, this scale dependence may confound relationships between the
forest structural indices and their predictors affecting the resulting map accuracies. Our study first
investigated for plot size effects on variability in forest structure described by forest structural indices.
We thereafter explored the relationship between the indices of structure and heterogeneity and the
plot sizes in forest stands with varying degrees of structural complexity. Finally, the observed plot size
effects were modeled statistically and multiple regressions used to map structural complexity and
heterogeneity overunobserved parts of the study areafromairborne LiDAR data. Three forest structural
indices were considered: the aggregation index of Clark and Evans, the Structural Complexity Index
and the Enhanced Structural Complexity Index. We used inventory data from one fully mapped 28.5
ha plot in a semi-natural mature deciduous forest stand and 23 fully mapped one-hectare inventory
plots spread in different temperate forest types in central Germany. To study the plot size effects, the
structural indices were quantified on the basis of 18 plot sizes from 0.1 to 9.8 ha simulated on the 28.5
ha plotand 1o plotsizes fromo.1to 1 hasimulated onthe 23 one-hectare inventory plots. A fixed effects
analysis was used to model plot size effects across levels of stand complexity. In addition, a structural
equation model was used to explain the effect of differences in the plot sizes on multiple regressions
between LiDAR derived canopy metrics and the forest structural indices. Resultant map accuracies
were assessed using the Root Mean Square Error (RMSE) and the True Skills Statistic (TSS) in a leave-
one-out cross validation procedures for larger plot sizes and an independent set of data collected on
500 m2 inventory plots. Preliminary results show that all structural indices were influenced by the
plot size and LiDAR data is a good predictor of forest structural complexity and heterogeneity (RMSE
= 20%). The highest map accuracy so far (TSS = 0.71) has been obtained at the scale shown by the
structural equation model to have minimal effects of spatial cofounding. These findings are relevant
to optimize plot sizes for efficient inventory of components of forest structure as well as for the design
of natural resource inventories. The structural complexity and heterogeneity map produced for the
study area will be relevant for guiding further ecological and forest management planning.
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There is a steady need of establishing and updating
information about the forest. Airborne laser
scanning (ALS) has for more than one decade been
considered the most accurate remote sensing
technique that in combination with field samples
can be used to create wall-to-wall estimations of
typical forest variables, like Lorey’s mean height
(H)), basal-area or stem volume. Many countries,
including Sweden, can now offer complete national
digital terrain models (DTMs) based on ALS, which
has enabled also other techniques for estimations of
this type of variables. One such technique is stereo
matching of very high resolution (VHR) satellite
images, which often possess resolutions below 1
meter. The matched result is a digital surface model
(DSM) from which the DTM can be subtracted to
obtain the forest canopy height.

One main advantage of using stereo matched VHR
images over ALS data, is the significant lower price
($40/km? compared to >$200/km?).

Studies from Germany and Finland have used stereo
matched WorldView-2 images to estimate forest
variables, and there are a few similar studies which
have considered Pléiades data for estimations of
other types of variables.

In the current study, stereo matched WorldView-2
and Pléiades data have been compared for two
Swedish test sites (Krycklan, Lat. 64°16'N, Long.
19°46'E, and Remningstorp, Lat. 58°30'N, Long.
13°40'E). Systematic 10 m field plots were distributed
at the respective test sites, from which the field
variables in question have been computed, using
established allometric equations. The estimated
variables were HL, basal-area (BA) and stem volume
(VOL).

The results show that HL could on plot level be
estimated with 8% to 10% RMSE, the basal-area
with 24% to 29% RMSE and the stem volume with
30% to 33% RMSE. The results seem robust across
the different test sites and across different tree
species.

The conclusion is that stereo matching of VHR
satelliteimagesis a promising method for estimating
forest variables, when a high-resolution DTM s
available. The results from this study, indicated
that the accuracies fore HL are similar to those
achieved from similar ALS based estimations, while
the estimations of BA and VOL are not sufficient by
using only stereo matched heights.
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Background

The AfriSAR campaign was a joint NASA and ESA
airborne campaign conducted in Gabon in support
of the upcoming ESA BIOMASS, NASA-ISRO
Synthetic Aperture Radar (NISAR) and NASA Global
Ecosystem Dynamics Initiative (GEDI) missions. The
aim of the campaign was to collect ground, airborne
SAR and airborne Lidar data for the development
and evaluation of forest structure and biomass
retrieval algorithms. The campaign consisted of
2 deployments, the first in 2015 with the ONERA
SETHI SAR system and the second in 2016 with the
NASA LVIS (Land Vegetation and Ice Sensor) Lidar,
the NASA L-band UAVSAR and the DLR F-SAR. In
addition, field teams from the Gabon ANPN (Agence
Nationale des Parcs Nationaux), University College
London and NASA were collecting ground data.
Here we focus on the 2016 NASA contributions to
campaign.

Aim

The objectives of the ESA/NASA AfriSAR
deployments were to: 1) measure forest canopy
height, canopy profiles and biomass density under
a variety of forest conditions such as primary and
degraded forest and a variety of forest types,
including tropical rainforest, mangroves, forested
freshwater wetlands and savannas 2) acquire
detailed measurements of airborne SAR data

and Lidar data for cross calibration of NASA and
ONERA/DLR instruments and for CAL/VAL support

162

of the BIOMASS, NISAR, and GEDI missions, and
3) conduct technology demonstrations of joint SAR
and Lidar applications.

Methods

The NASA AfriSAR campaign involved 2 aircrafts:
the LaRC (Langley Flight Research Center) B-200
carrying LVIS and the AFRC (Armstrong Flight
Research Center) C-20 carrying the L-band UAVSAR.
The aircrafts were based out of Libreville, Gabon
for 3 weeks in February 2016, jointly with the DLR
aircraft and SAR instrumentation.

Results

A central motivation for the AfriSAR deployment
was the common biomass requirement for the three
future spaceborne missions and the lack of sufficient
airborne and ground calibration data covering the
full range of biomass in tropical forest systems.
During the campaign, the NASA sensors collected
Tomographic SAR, Polarimetric INSAR, Polarimetric
SAR and Waveform Lidar data over six joint sites.
These sites were the Mondah Forest, Lope National
Park, Pongara National Park, Mabounie, Rabi, and
the Lower Ogooué River. Additional data was also
collected over additional sites and in long transects.
In total, over 70 hours of science data were collected.
In this presentation, we will present the design and
execution of the NASA AfriSAR campaign, and show
some of the first results and data products from the
campaign.
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Abstract:

The aim of this work seeks to analyze an improvement in the quality of the forest attribute estimates
of a forest inventory when we include auxiliary data coming from a LiDAR (Light Detection And
Ranging) dataset. Multiple regression models were designed for the basal area, density, quadratic
mean diameter, dominant height, biomass and volume variables. The estimation errors for these
variables were analyzed using random sampling methods, and reducing the number of sample plots.
One of the main conclusions of this study is that the inclusion of LIDAR-derived metrics significantly
reduces the sampling effort and improves the precision of the estimation. The inclusion of model-
based and Empirical Best Linear Unbiased Predictor estimations further improves the accuracy at the

plot and stand levels.

Introduction
Forest structure is defined as the spatial distribution

of both living and dead vegetation size, age and
species, with special emphasis on the arboreal
component (Spies & Franklin, 1991). Deepening the
characterization of the structure affects the progress
of Global carbon cycle studies, forest productivity,
use of cover habitat by birds, arboreal mammals and
arthropods, interaction between forests and rivers,
and in the prediction of fire behavior (Means et al.,
2000).

The most relevant aspects of the study of the
structure in the forest stands are the distribution
of trees, the specific composition both in species
diversity and in their distribution in the stand and
the differentiation in diameter, height and size of
crowns, as well as the Different vertical strata (M. del
Rio 2003). Forest attributes have traditionally been
mapped using passive airborne or satellite sensors
and statistical methods (McRoberts and Tomppo
2007). However, optical sensors have important

limitations in quantifying vegetation characteristics
because they only generate information in two
dimensions. In addition, in dense coverage areas, the
highly reflected energy tends to saturate the signal
captured by the sensor (Lefsky, Cohen, Harding, et
al., 2002), making it impossible to make estimates
of the different dasometric variables above a certain
threshold. In this context, LiDAR technology is able
to traverse the forest cover and provide information
of its three-dimensional dimension. Since it does
not present the problem of signal saturation, LIDAR
allows to evaluate the three-dimensional patterns
of the arboreal canopy and to estimate the vertical
structure of the plant communities (Lefsky, Cohen,
Harding, et al., 2002). The three-dimensional
information provided by the LiDAR sensor has been
used successfully in the estimation of different forest
parameters, such as canopy height, wood volume,
etc., automatically and with greater accuracy than
thatachieved with techniques of traditional inventory
(Sithole and Vosselman 2005) or other approaches
with optical sensors (Maltamo et al., 2006).
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Managers need up-to-date information at the
time of decision-making on the status, structure
and composition of the forest stands, provided
individually for each of the management units and
subunits. This goal can be achieved by different
statistical techniques, such as model-assisted,
model-based, indirect estimation fixed or mixed
effects estimation (Mauro Gutiérrez et al. 2013,
2015).

Materials and Methodology:

This analysis is carried out on the Pefia del Aguila,
mountainside, locatedin FuenfriasValley (Cercedilla,
Madrid). To this day, the LiDAR flight has been used
in 2011 and in two field inventories; one of them was
made in 2013/2014, covering 60 sampling plots, and
the other one made in 2015, covering 8o sampling
plots. Multiple regression models were designed for
the basal area, density, quadratic mean diameter,
dominant height, biomass and volume variables.
The errors committed in estimating these forest
attributes were analyzed from models and by using
random sampling methods, reducing the number of
sampled plots.

Results:

It was found that adding LiDAR ‘s information
significantly reduces the forest inventory errors.
Secondly, stand, pixel and mount level estimates
were carried out using sampling design and model
based techniques and the errors committed
were compared. The first technique included the
simple random sampling and the model assisted
estimation; the second one embraced Small Area
Estimation (SAE) techniques. Moreover, the model
based estimation allowed to develop a pixel and
stand level error mapping.

Finally, outcomes showed that EBLUP estimators
(Empirical Best Linear Unbiased Predictor) brought
out more accurate estimates tan those coming from
sampling design based techniques, in population
subunits (stands).

Conclusions:

The main conclusion of this study is that the
inclusion of LIDAR-derived metrics significantly
reduces the sampling effort and improves the
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precision of the estimation. The inclusion of model-
based and Empirical Best Linear Unbiased Predictor
estimations further improves the accuracy at the
plot and stand levels.
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Data assimilation of InSAR-based estimated
forest stand attributes

Lindgren, N.%, Persson, H.J.*, Nystrém, M.?, Grafstrém, A.?, Nystrém, K.*, Muszta, A.?,
Wallerman, J., Willén, E.2, Fransson, J.%, Stahl, G.%, Olsson, H.*
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Keywords: Data assimilation, TanDEM-X, INSAR, extended Kalman filter,
forest inventory, growth functions, time series

Up-to-date, cost-efficient and accurate information
of the state of the forest is important to manage
and monitor forests. Data assimilation can be
used to optimally combine forecasts of previous
estimates with new observations of the current
state, based on the uncertainties in the forecast and
the observations. In other fields of study, such as
robotics and meteorology, data assimilation has led
to better accuracies and reduced need for reference
data. Early studies have also shown a potential for
keeping forest stand registers up-to-date, using
simulation (Ehlers et al., 2013) as well as empirically
with a time series of canopy height data from digital
photogrammetry (Nystrém et al., 2015).

In the present study, data assimilation through
extended Kalman filtering was used to assimilate
a series of stand attribute predictions made from
TanDEM-X InSAR data. In total a time series of 19
INSAR images acquired between 2011 and 2014 were
used in combination with a high-resolution (2x2 m)
digital terrain model. Forest variables were predicted
for each InSAR image, using empirical regression

estimates with forest data from field plots as
response variables. Each prediction was assimilated
with forecasts from the previous time point.

Both assimilated estimates and estimates based
on a single acquisition were evaluated using cross-
validation on a set of 137 sample plots with 10 m
radius inventoried twice, in 2010 and 2014. Linear
interpolation was used to create reference data for
the intermediate years, and evaluation was made
with the reference data matching the acquisition
date.

The results show that, at all assimilated time points,
data assimilation resulted in better estimates than
estimates based on the single acquisitions. Median
reduction in RMSE was 0.4 m for Lorey’s mean
height, 0.9 m?/ha for basal area and 15.3 m3/ha for
stemvolume.The conclusionis that dataassimilation
is @ promising method for estimating forest stand
attributes when multiple data sets from different
acquisition time points are available, for example
the continuous flow of data from TanDEM-X.
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Delineation of forest structure patterns in the circumpolar
taiga-tundra ecotone

Paul M. Montesano, Christopher Neigh, Jon Ranson

ForestSat 2016

Interactions between broad-scale climate, local-scale
site factors and disturbance history have produced
forest patterns in the taiga-tundra ecotone (TTE)
that include a range of woody cover from forest cover
patches and clusters of shrubs to sparsely arranged
individuals. These biome boundary patterns influence
ecological processes and are evident at local scales,
but are often not apparent in moderate-resolution
imagery from most earth observing satellites. Such
scale problems have contributed to uncertainties in
the extent of the TTE, its structural characteristics,
and its net effect on current and future processes in
the high northern latitudes. Recent advances using
the global archive of Landsat data have provided
calibrated tree cover at 30-m resolution, which
may help improve TTE delineation. Furthermore,

168

U.S. federal access to sub-meter DigitalGlobe data
provides the means to improve estimates of the TTE
forest patterns with observations of individual trees
and structure from stereoscopic observations. A
supercomputer cluster with cloud storage facilitates
(1) image-based sampling of the entire TTE domain
at the scale of forest structure change, (2) examining
detailed forest structure patterns, and (3) exploring
novel techniques for capturing horizontal and vertical
forest structure. Site-scale (~2 m) maps of forest cover
and height in sample strips across the TTE domain
will be used to optimize the medium-scale (~30 m)
delineation of this biome boundary and examine the
spatial variability of detailed forest structure patterns.
The resulting products may refine input to ecosystem
models while providing insight into the variability
of recent structural changes. An overview and early
results of our current work will be presented.
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Detecting the spread of invasive tree species in central Chile
with combined Landsat and Sentinel-2 data

Tobias Schmidt*, Michael Foerster*, Birgit Kleinschmit*, Julian Cabezas?, Fabian Fassnacht?
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Chile has a large number of endemic species due
to its isolated location and is therefore one of the
biodiversity hots-spots of the Planet. At the same
time a number of invasive species occurred over
the last decades and have shown to have a notable
negative effect on Chilean ecosystems. Between
2016 and 2018, the project SaMovar (Satellite-based
Monitoring of invasive species in central-Chile) will
investigate the past and recent spread of selected
invasive species.

Ulex europaeus, Acacia dealbata and Pinus radiata
have a large impact on local and regional biodiversity
in central-Chile. Two objectives of the project are
the mapping of the current state of spread and the
identification of the historical invasion dynamics of
the three species. Moreover, the future spread of
the invasive species will be spatially estimated to
produce risk maps for management measures. For
these objectives the application of multi-temporal
and multi-sensor satellite data (especially Sentinel-2
and Landsat) in combination with Unmanned Aerial
Vehicle (UAV) data will be pursued.

In a first step, the most recent distribution ranges
of the three target species will be detected using
the data of both sensors by the application of one-
class-classifier (OOC) techniques (e.g. Maxent).
Presence information of the target species will be
derived from spatial and spectral high resolution UAV
data. To increase the model accuracy, the different
phenological phases of the species can be considered.
Due to the high temporal resolution of both sensors, it

is possible to assess which combination of acquisition
dates of each sensor is leading to the result with the
significantly highest model accuracy. For this purpose
the McNemar test will be applied to find significant
differences in between multiple combinations of
images and the subsequently derived classifications
with a semi-exhaustive feature selection approach. As
aresult we can detect optimal acquisition dates, which
will be used to compare the capability of Landsat and
Sentinel-2 to distinguish between native vegetation
and invasive species. Finally, the information on the
classification quality of the different acquisition dates
can be used for the identification of the historical
spread of the three target species using the Landsat
archive. Forvalidating the retrospective classifications
historical aerial photos from the last 30 years will be
used. .

Together with the disturbance history of the region
and additional environmental features (e.g. digital
elevation model, climate data) this information will
be used as input layer to species distribution models
which will be developed to model the future spread
of the three target species assuming different
climate scenarios.

Preliminary results of the project are presented,
especially regarding the identification of Pinus
radiata in the natural forest remnants of the Maule
Region using the already collected UAV data and
first results of the classification using single Landsat
and Sentinel-2 images.
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How much forest area should be sampled to get accurate
biomass estimations at different scales?

Rico Fischer?, Jessica Hetzer*, Andreas Huth*
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Leipzig, Germany

Keywords: Tropical Forest, Biomass, Sampling, Model

Abstract:

Tropical forests play an important role in the global carbon cycle. Field inventory plots were used for
understanding forest structure and dynamics at different scales under the assumption that these
plots accurately represent their surrounding landscape. Here, we tested at different scales whether
inventory plots meet this assumption for biomass estimations in tropical forests. In a first step, we
investigated this assumption on a local scale. Using a large 50-ha forest inventory plot from Panama we
analyzed how representative 1-ha subplots are for biomass estimations. Results showed that about 6
of these 1-ha subplots are needed to accurate estimate biomass for this region even at its most reliable
sampling strategy. Using a mathematical model we found out that for accurate biomass estimations
in less homogenous forest sites (such as disturbed forests or montane forests) the number of needed
field plots increased by 60-80%. In a second step, we used larger data sets to test different sampling
strategies for accurate estimates of forest biomass at regional scale. It turned out that the required
number of inventory plots is high. To overcome the limited number of inventory plots for accurate
tropical forest biomass estimations the use of inventory plots in combination with high-resolution
remote sensing products could be one promising solution.
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Lessons Learned — National Individual Tree Species Extent and
Parameter Modeling for Insect and Disease Risk Mapping

James Ellenwood [US Forest Service — R&D], Frank Krist [US Forest Service — S&PF/FHTET]

Keywords: Forest modeling, Remote sensing, Landsat, Tree Species Distributions, Insect and Disease Risk

Parameter datasets of presence [Ellenwood 2015
and others], basal area (BA), and stand density index
(SDI) were modeled for 289 individual tree species
using forest inventory data, Landsat imagery, and
several national datasets for the coterminous US
and Alaska at a 30-meter resolution to support
the 2013-2027 National Insect and Disease Risk
Map — NDRIM (Krist and others 2014). NIDRM is a
nationwide strategic assessment of potential tree
mortality due to insects and diseases. To facilitate
local and regional planning efforts and develop
models of forest parameters by tree species, USFS
Forest Inventory and Analysis (FIA) data were linked
to each national data layer and analyzed with Sees
and Cubist data mining software (Quinlan 2012).
Model outputs were processed into a 30-meter
spatial dataset

A number of issues were identified in the completion
of this project that would be valuable for future
considerations in subsequent projects. Three issues
are presented: phenology representation, plot-pixel
mis-match, and exceptional areas.

This project utilized three-season Landsat 5/7
imagery to represent vegetation phenology.
Though somewhat useful for differentiating
conifer and hardwood species, the coarse temporal
representation is highly variable with respect to
plant phenology. Individual species have different
phenological responses and the subtle seasonal
changes are not decipherable from the three-
season dataset. Observed in the individual species
models, reflectance data was seldom selected as
a significant variable for most of the 289 species.
A possible explanation is the “noise” created by
different phenological stages not represented by
the three-season images. Newer techniques that
composite multiple images to achieve a cloud-free
representation may exacerbate this situation. Tools
which create time-integrated images as smoothed

seasonal representations show promise.

The plot clusters do not represent “whole” pixels.
This project attempted to mitigate this by utilizing
individual subplots within the cluster as separate
samples. Confidence images for each of the
parameter rasters indicated a very high degree of
variation. It is surmised that a substantial portion
of this variation is due to the plot-pixel size mis-
match. Options to either increase plot size through
two-stage sampling or reducing pixel size through
incorporation of “pan” images are examined.

Though the plot design creates a representative
sample for the Nation, exceptional areas are difficult
to represent, yet the modeling process attempts to
apply to all areas. For this project, parameters were
limited to no greater than 10% extrapolation. This
may not be optimal for biological phenomenon.
Creating separate layers of extrapolated parameters
may yield insightful information for subsequent
product utility.
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Abstract

Improved spatially explicit information on forest structure and aboveground biomass (AGB) is required
to understanding the role of forests in the carbon cycle, for greenhouse gases inventories or for
sustainable forest management. This study aims at developing algorithms to allow the extrapolation
of LiDAR-based forest height estimates over larger regions using satellite Radar data. We selected two
study sites corresponding to a temperate broadleaf and mixed forest. The use of exponential models
showed a poor performance for both study sites. Improved results were obtained using a support
vector regression (SVR) algorithm. Inclusion of additional information from texture metrics as well as
elevation data from SRTM significantly improved the results (R2=0.76 and 0.8; RMSE=2.63 and 1.72 m
for WLEF and Howland, respectively). Regardless of the modeling approach used, model performance
improved as the resolution decreased from 25 m to 200 m.

Finally, we evaluated the potential of calibrating a single model for both study sites and compared it to
the site-specific calibrated models. No significant differences between the site-specific and the biome
model were observed at WLEF with R*= 0.76 and 0.77 and RMSE= 2.63 and 2.62 m for the site-specific
and the biome models, respectively. For Howland, a decrease in R? from 0.8 to 0.71 and an increase in
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RMSE from 1.72 to 2.04 m was observed.

Introduction

Improved spatially explicit information on forest
structure and aboveground biomass (AGB) is
required to understanding the role of forests in the
carbon cycle, for greenhouse gases inventories or
for sustainable forest management. Field methods
are time consuming and limited in regards the
spatial coverage, making difficult capturing the
heterogeneity of forest structure. The high variability
of forest structure both, at local and landscape
scales, hampers extrapolation of forest structure
estimates to regional or continental scales (Xu et
al., 2016). Remotely sensed data, particularly LiDAR
and radar sensors, offers the opportunity to capture
this spatial variability in forest structure and improve
AGB estimates over larger regions.
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Two space LiDAR missions are planned for launch
in the coming years, namely the ICESat-2/ATLAS
(Gwenzi and Lefsky, 2014) and the Global Ecosystem
Dynamics Investigation (GEDI; Dubayah,et al.,
2014). Likewise, two satellite radar missions will be
launched. The firstis the BIOMASS mission, a P-band
synthetic aperture radar (SAR), which is part of the
ESA's (European Space Agency) Earth Explorers
(http://www.esa.int/Our_Activities/Observing
the Earth/The Living Planet Programme/
Earth Explorers/Future missions/Biomass). The
second is the NASA-ISRO Synthetic Aperture Radar
(NISAR), an L-band InSAR mission resulting from the
partnership between NASA and the Indian Space
Research Organization (ISRO).
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The LiDAR sensors will be multi-beam profilers that
will provide a dense sampling of the Earth’s terrestrial
ecosystems; however, in order to provide wall-to-
wall estimates of forest structure integration of
these data with other satellite borne sensors will be
required. This study aims at developing algorithms
to allow the extrapolation of LiDAR-based forest
height estimates over larger regions using satellite
Radar data. We address three research questions: 1)
can we extrapolate LiDAR height using L-band SAR
polarimetry data? 2) At what scale we obtain the best
results? And 3) can we develop a single model for an
entire biome or do we need site-specific models?

Methodology

Study sites

We selected two study sites corresponding to a
temperate broadleaf and mixed forest. The first
study site (WLEF) is located in Park Falls, Wisconsin,
USA.The area selected was approximately 13 x g km,
mainly covered by deciduous and mixed coniferous
forests as well as some wetland areas. The second
study area is the Howland forest, Maine, USA. This
a boreal transitional forests in Howland mixed
deciduous-coniferous forest, generally fragmented
due to both natural disturbance and logging or
management practices. This site covered an area of
8 x 5 km.

Datasets

ALOS-PALSAR

We used the high resolution terrain corrected
product developed by the Alaska Satellite Facility
from the Advanced Land Observing Satellite/Phased
Array L-band Synthetic Aperture Radar (PALSAR).
This product combines the radiometric and terrain
correction processes to provide gamma naught
power images at 12.5 m resolution (Gens, 2015).
We selected 4 images for WLEF and 3 images for
Howland from 2010, from May to October.

Airborne LiDAR

Ourreference datato validate the height estimations
from SAR data was the 1 m spatial resolution canopy
height model (CHM) product developed by the
G-LiHT (Goddard’s LiDAR, Hyperspectral & Thermal
Imager) team.

Additional data
The additional data consisted of the SRTM V2.1

product, with a spatial resolution of 30 m and a
Landsat OLI image.

Data processing

Environmental conditions, like vegetation and
soil moisture, have a significant impact in the
backscatter signal (Santoro et al., 2006; Saatchi
et al., 2011). In order to remove this effect, each
pixel value was averaged using all dates available.
Subsequently the images were resampled to 25 m,
50 m and 100 m. We also derived texture features
from the images (standard deviation and entropy)
using 5x5 and 9xg window sizes. The same texture
metrics were derived from the SRTM, which had
been resampled to the same resolutions used for
the ALOS-PALSAR data. As for the Landsat data,
the spectral information was summarized into the
brightness, wetness and greenness components of
the tasseled cap transformation. The same texture
metrics as for the SAR data were derived for each TC
component.

Height modeling

We used two different approaches to estimate
height from the ALOS-PALSAR data. The first
approach used an exponential model fitted using
the HH, the HV bands or a combination of both. To
fit the models, the mean backscatter value obtained
at each 1 m height interval was computed to reduce
the noise of the backscatter data.

The second approach used a support vector
regression (SVR) machine learning algorithm to
estimate the height. We used the LS-SVMlab
Toolbox developed by De Brabanter et al. (2011).
A radial basis function was used as kernel and the
two parameters defining the bandwidth (h) and
the regularization parameter (g), which defines
contribution of the training data error in the loss
function to be minimized, were calculated using a
grid search with a ten-fold cross-validation.

We tested different models based on the ALOS-
PALSDAR data alone and consecutively adding
additional information from the SRTM and the
Landsatsensors. Approximately 10% of the datawere
used for calibration and 90% for validation. Finally,
in order to evaluate the possibility of developing
a single model for both study sites, a model was
trained using sample data from both study sites and
compared to the site-specific models.
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Results

For both study sites, the exponential model based on
HV band gave the best results due to the dominance
of volume scattering from the canopy. Regardless
of the band used, an increase in R? and a decrease
of RMSE was observed as the spatial resolution
decreased from 25 m to 100 m (Figure 1).

SVR models trained using HV data improved R2
more than 10% (WLEF: 0.43-0.58; Howland: 0.49-
0.59 at 100 m) and reduced the RMSE by almost 40%
(WLEF: 5.61-3.49m; Howland: 3.71—2.42 mat 100 m).
As for the parametric models, the best results were
obtained at 100 m resolution. Inclusion of additional
data improve the results significantly at both sites.
For WLEF, the use of texture metrics derived using
a 9x9 window and the elevation information from

WILEF

0.9

0.6 e 1o
0.7 a
0.6 ~—

r;: os ¥ &

RMASE (m)

0.3
0.1
0.1

HH HY HHHY

mmmR2_25m  memR2_S0m e R2_100m

—— RIMSE_25m —— RMSE_S0m —— RMSE_100

the SRTM provided the best results with R*=0.76
and RMSE 2.63 m. Additional information including
texture from SRTM and spectral and textural
information from Landsat did not improve the
results. For Howland, texture information provided
important information for the height estimation
given the fragmented landscape of this study site.
Therefore, the best results were achieved using
ALOS bands and their texture information along
with the elevation and texture information derived
from the SRTM data. The R? obtained for this model
at 100 m resolution was 0.8 and the RMSE was 1.72
m. Figure 2 shows the R* and the RMSE achieved for
each of the models trained.

The calibration of a single model (biome model) for
both study sites showed good performance over
both sites. Thus, no significant differences between
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Fig. 1: R2 (bars) and RMSE (lines) values obtained for the each parametric model and spatial resolution at

each study site.
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study site.
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the site-specific and the biome model were observed
at WLEF with R?= 0.76 and 0.77 and RMSE= 2.63 and
2.62 m for the site-specific and the biome models,
respectively. For Howland, a decrease in R* from 0.8
to 0.71 and an increase in RMSE from 1.72 to 2.04 m
was observed.

Conclusions

In this study we have demonstrated the LiDAR-
based height can be extrapolated to larger areas
using L-band SAR data in temperate broadleaf
and mixed forests. In order to reduce the effect of
environmental conditions on the backscatter signal,
multitemporal data are required. NISAR will provide
12 day global observations, which will allow for an
improved reduction of the effects of environmental
conditions. The use of SRTM data help improve
height estimates, particularly over areas with
rougher topography, whereas texture information
improve results over fragmented landscapes. Non
parametric algorithms (SVR) showed greater ability
to model canopy height than parametric models,
allowing to better capture complex relationships
between the backscatter signal and the LiDAR-
based height. In all cases, spatial resolution affected
significantly the estimations, with the best results
achieved at 100 m spatial resolution. Our results are
of significance for the integration of data provided
by future space missions like GEDI and NISAR.
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Abstract

The analysis of Airborne Laser Scanning (ALS) data can be divided into two categories: area based
methods and single tree detection. While the area based methods aim to predict the plot-level statistics
directly from ALS data using regression-type methods, in the single tree detection, the plot-level
statistics are derived from individual tree information inferred from the ALS data. The latter approach
was taken, e.g., in (Andersen, Reutebuch, & Schreuder, 2002), (Lahivaara et al., 2014), (Micheas, Wikle,
& Larsen, 2014), where the detection of individual trees and estimation of their dimensions was based
onfitting a set of canopy height models (CHM) to the ALS data. In all these papers, the problem of single
tree detection was considered in the framework of Bayesian inference (Kaipio & Somersalo, 2005). The
Bayesian framework allows for incorporating prior information on the allometric relations of trees
into the ALS based estimates of tree crown shapes. Such information can improve the reliability of the
tree detection significantly: In (Lahivaara et al., 2014) the Bayesian approach resulted a success rate
of about 70 % in a case where the success rate of a conventional height-based filtering (HBF) method
was approximately 5o %.

In the CHM fitting proposed in (Ldhivaara et al., 2014), the tree crowns are modeled as rotationally
symmetric objects. If the error caused by this idealization is not accounted for, it can result biased
estimates for the tree crown parameters and also lead to false detection of trees. In this paper, we
aim at improving the Bayesian single tree detection by statistical modeling of errors caused the
rotationally symmetric CHMs. The statistics of these modeling errors are computed using a training
data set consisting of ALS data and field measured tree locations and sizes. The results show that
accounting for the tree-level modeling error statistics improves the Bayesian estimates for the single
tree parameters and the success rate of the tree detection.
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Abstract

To improve precision management and the cost effectiveness of forest planning and operations, we
look to build an enhanced forest inventory. To do so, we utilized an unmanned aerial vehicle (UAV) to
collect a digital aerial photogrammetry (DAP) pointcloud to model residual stand volume and identify
harvest locations. To do so, UAV collected aerial imagery and field measurements were acquired in
2015in The Alex Fraser Research Forest near Williams Lake, BC. Tree height, diameter at breast height
(DBH), and species were measured from systematically implemented variable radius plots throughout
the study area at the time of imagery collection. DAP pointcloud metrics and field measurements
were used to create a DAP volume model using linear regression with an RMSE% and bias% of 18.50
and 1.16 respectively. Results achieved from the DAP volume model indicate strong potential for
UAV acquired DAP data to outline the location and estimate the quantity of residual stand volume.
The cost effectiveness, ease of deployment, and collection of very high resolution imagery makes
UAV collected DAP a strong candidate for incorporation into forest management and enhanced
forest inventory practices. Future analysis into the utilization of DAP to gauge the success of applied
harvesting regimes and monitoring residual stand behaviour post-harvest are discussed.
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Abstract

Dynamics of forest communities expressed by height increment may be subjected to environmental
gradients. Tree height increment may be subjected to temperature and wetness gradients, provides
a quantitative baseline for understanding patterns of resource use, spatial structure and the
physiological mechanism of tree reaction ecosystems to climate stress as the factors predisposing to
climate affected disturbances.

The dependency between the topography and various environment factors has been observed for
a long time (Hess, 1965, Maciaszek et al., 2000). The most commonly used topographic indices are
elevation, aspect, slope, slope position, longitude and latitude (Chen et al., 1998; Hagglund and
Lundmark, 1977; Seynave et al., 2005; Socha, 2008). Increasing availability of precise ALS based
DEM models enable more detailed description of local topography by the use of different indices
such as: TPI, SPTPI, TWI (R. Serensen et al., 2006) or geomorphons (Jasiewicz and Stepinski, 2013). In
site evaluation latitude and elevation are used as indirect measures of regional climate, while slope
position, slope gradient and aspect are used as measures of local climate (Chen et al., 2002; Monserud
and Rehfeldt, 1990; Socha, 2008; Wang and Klinka, 1996). Topographic indices such as Topographic
Wetness Index (TWI) may be used as indirect measures of water status of given site (R. Serensen et
al., 2006). Due to the difficulties connected with measurement of height increment on standing trees
analyses of height increment and its response to environmental gradients have received so far less
attention and were limited mainly to relatively small samples collected from cut down trees (Gamache
and Payette, 2004).

This study constitutes the practical application of change detection by airborne laser scanners for
wall-to-wall monitoring the effect of environmental factors on the tree height growth over time using
repeated ALS data.

The research objectives of this study on the whole elevational and aspect gradients in the Jizera
Mountains were to (1) detect the site-dependent variability of mean annual height increments
measured using change detection techniques, (2) explore the dominant environmental factors limiting
height increment using repeated ALS data. We hypothesized that the limiting effect of water stress
and temperature on height growth is affected by topography. Therefore we revealed that elevation,
aspect and topographic indices, which by influence on thermal and moisture conditions affect height
increment of Norway spruce may be used as indicator of susceptibility of given site to disturbances.
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In the study, the data used were acquired: (a) in August and September 2007 via ALTM 3100 Optech
laser scanner. (b) in July and August 2012 via LMS-Q68oi laser scanner. ALS data had average density
of around 6 points per m2, height error up to 15 cm and an X,Y location error below 20 cm. With the
interpolation algorithms implemented in TerraScan software based on point cloud, the following
models were generated: Digital Terrain Model (DTM), Digital Surface Model (DSM), and normalized
Digital Terrain Model (nDSM) with a spatial resolution of 0.5 m. Digital Terrain Model (DTM) developed
based on data from the airborne laser scanning was of spatial resolution equal to 0.5 m and covered
whole area. Based on ALS data, digital surface models were generated for the years 2007 and 2012.
Then, with through the raster difference (DSM — DTM) in map algebra Crowns Height Models (CHM)
were established.

In the analysis the relationships between height increment obtained by change detection techniques
and predictor variables were investigated using generalized additive models (GAM, Hastie &
Tibshirani1iggo). Optimal amount of smoothing was estimated based on cross-validation. Graphs
of smoothing spline functions of GAM models was used in order to illustrate the effect of individual
predictor variables on height increment. Model GAM describing height increment within the period
2007 - 2012 as a function of site and stand characteristics explain about 62,5 % of height increment
variability (R2adj=0,625). It was found that height increment was significantly affected by site
characteristics including: altitude, slope, transformed aspect and other DTM products such as TWI and
TPI.
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The aim of this study was to examine how well
stem volume, above-ground biomass and dominant
height can be predicted using nationwide airborne
laser scanning (ALS) based regression models. The
study material consisted of nine ALS inventory
projects in different parts of Finland. We used field
sample plots and ALS data to create nationwide and
regional models for each response variable. The final
models contained one or two ALS predictors, which
were chosen based on the root mean square error
(RMSE), and cross-validated. Finally, we tested how
much predictions would improve if the nationwide
models were calibrated with a small number of local
sample plots. Although forest structures differ in
different parts of Finland, the nationwide volume
and biomass models performed quite well (leave-
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inventory-area-out RMSE 22.3% to 33.8%, bias
-13.8% to 18.7%) compared with regional models
(leave-plot-out RMSE 20.2% to 26.8%, no bias).
However, the nationwide dominant height model
(RMSE 5.4% to 7.7%, bias -2.0% to 2.8%, with
the exception of one region) performed nearly as
well as the regional models (RMSE 5.2% to 6.7%).
The results show that the nationwide volume and
biomass model predictions are likely to be biased,
because forest structure and ALS device have a
considerable effect on the predictions. Large biases
appeared especially in northern Finland. Local
calibration decreased the bias and RMSE of volume
and biomass models. However, the nationwide
dominant height model did not benefit much from
calibration.
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Introduction

Allometric models used in forestry to predict tree’s
aboveground biomass rely primarily on diameter
at breast height (DBH) and tree height as inputs. In
many forest types such models are species-specific,
which means that species must be recorded as well.
In particular DBH and species information play an
important role as tree height is often predicted as
function of these attributes. Nowadays airborne
laser scanning (ALS) data provide detailed height
measurements, in addition to which individual
tree crown (ITC) delineation methods provide a
means to determine (for each detected tree) crown
dimensions that subsequently can be related to DBH
(Hemery et al., 2005). Moreover, with hyperspectral
data detailed tree species mapping is possible
(Dalponte et al. 2012). As DBH cannot be directly
measured with airborne remote sensing (ARS) data,
it may be useful to develop new allometric models
based on tree characteristics that can be directly
measured from ARS data. Following this idea, Jucker
et al. (2016) recently developed allometric models
for predicting DBH and aboveground biomass
(AGB) based on height and crown diameter using a
worldwide dataset of more than a hundred thousand
individual trees measurements. The study of Jucker
et al. (2016) did not involve remote sensing data,
focusing exclusively on the development of the
allometries. Moreover it focused on developing
global and regional allometric models without
considering  species-specific information. The
objective of this study is to develop species-specific

models for the prediction of DBH for three main
speciesgroupsinNorway using field measured height
and crown diameters, and to validate the models
when remotely sensed data (ALS and hyperspectral
data) are used to predict species, height and crown
diameter. To achieve this objective we developed
the models using data from one dataset and then we
validated them on an independent dataset.

Study areas

In this study two datasets collected in two dif-
ferent areas in southern Norway were used. The
first dataset collected in Aurskog-Heland mu-
nicipality was used for the development of the
DBH allometric models for Scots pine, Norway
spruce and broadleaves species. The dataset
consists of 667 field measured trees for which
DBH, height, species and crown dimensions
were recorded. On this dataset a validation at
tree level was done.

The second dataset was used to validate the
models at plot level. It was collected in Valer
municipality. This dataset comprised 9376 trees
distributed on 153 plots of 400 m2. ALS and hy-
perspectral data have been acquired over the
plots in 2011. Inside each plot the position of all
the trees, the DBH and the species were record-
ed, while the height was measured only for few
sample trees in each plot.
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Methods

Using the Aurskog-Heland dataset, models that
relate DBH to field measured heights and crown
diameter were constructed following the meth-
odology of Jucker et al. (2016). The models were
in the form:

DBH =ax* (H*CD)" + ¢ (1)
where is the diameter at breast height in centi-
meters, the heightin meters, and the crown di-
ameter in meters. The model fitting was done by
using a data binning approach and a log normal
form of the models. To validate the models at
tree level, for each model, the root mean square
error (RMSE), average mean difference (D-bar),
and coefficient of determination (R?) were cal-
culated on an independent validation dataset
corresponding to 10% of trees selected at ran-
dom. This randomization procedure was repeat-
ed 100 times and for each metric the mean value
across the 100 iterations was calculated.

For the Valer dataset, individual tree crowns
(ITCs) were delineated using the ALS data and
the delineation algorithm of the R package
(itcSegment). Delineated ITCs were matched to
the field data and the matched ITCs were used
for species classification using hyperspectral
data. 1608 matched ITCs were used as training
and 1416 as validation. The hyperspectral pix-
els inside each ITC that had a NDVI value higher
than o.5 were used in the classification process.
The species classification was performed using
a Support Vector Machine (SVM) classifier (R li-
brary kernlab) at pixel level, and then the labels
of the pixels inside each ITC were aggregated
using a majority rule. This approach was used to
predict the species of all the delineated ITCs.

DBH for each ITC was predicted using the mod-
el in equation 1. AGB was predicted for each
ITC using the models of Marklund (1988) with
height from ALS data as one predictor and DBH
from equation 1 and species from hyperspec-
tral data as the two other predictors. AGB for
the field trees was predicted using the models
of Marklund (1988) and field measured height,
DBH, and species. Plot level field estimated AGB
was obtained summing the values of AGB of all
trees inside each plot. Similarly the plot level
ARS estimated AGB was obtained summing the
values of AGB of all ITCs inside each plot.

Results

In Table 1 the coefficients of the models in equations
1 for the three species considered are presented,
along with RMSE, D-bar and Rz The delineation
method used detected more than go% of the
trees with DBH >20 ¢cm, and only 56% of the trees
with DBH <20 cm (see Figure 1). The tree species
classification accuracy obtained on the validation set
were: i) overall accuracy: 87.7%; ii) kappa accuracy:
0.794; and ii) mean class accuracy: 83.6%. Figure 2
shows the results of the AGB estimation at plot level
for the Valer dataset.

As it is clear from these results (and by the ones
of Jucker et al. 2016) it is possible to reverse the
allometric models in order to use height and crown
diameters as input. The relation of these models
with ARS data needs to be considered more carefully
as it strongly depends on the forest characteristics.
Indeed the main limitation remains, namely that ITC
approaches do not detect all trees, and especially
not the suppressed ones, and thus there will always
be a fraction of the AGB missing (see Figure 2). The
tendency of missing trees will increase in multilayer
and dense forests. Moreover, dense canopies may
create high commission errors in the delineation,
resultinginan erroneousincrease inthe AGB estimate.

Table 1. Coefficients, RMSE, D-bar and R? for equation 1 for all the species together,
and for the three main species groups.

Species a b RMSE (cm)  D-bar (%) R

All 0.808 0.794 3.6 -3.2 0.79
Spruce 0.952 0.749 2.6 0.9 0.87
Pine 1.365 0.691 3.6 2.0 0.85
Broadleaves 0.795 0.754 2.3 0.3 0.50
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Figure 1. Number of field measured trees (dark gray bars) and number of detected ITCs (light gray) for each
DBH class. The numbers at the top of the graph represent the percentage of detected trees.
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Figure 2. Field estimated AGB and ARS estimated
AGB for each field plot in Valer dataset.
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Abstract:

Central Chile is considered one of the biodiversity hotspot and is a highly threatened territory due to
land use changes, especially the establishment of exotic industrial plantations of pine and eucalyptus.
The intensive short time rotation of these monoculture provide increasingly fragmented landscape
configuration that favors the introduction and establishment of alien species. The aim of the research
was estimating the spatial distribution of alien species richness by the use of a synergistic approach
based on spatio-temporal remote sensing information. We developed a parsimonious and accurate
predictive model of alien species richness from in situ data taken in two watershed of South-central
Chilean coastal range, based on vegetation indexes and evaporative fraction derived from thermal

data.

Introduction

Ecosystems of the Chilean Mediterranean
biodiversity hotspot are under an increasingly
threatened condition mainly due to land use change
becauseofhumanusecompetition(Alanizetal.2016).
The landscapes of South-Central Chile are currently
configure by the dynamic of forest plantation
systems, and are constitute by a fragmented mosaic
of pine and eucalyptus monocultures, shrubs, bare
soil, agro-grassland and native forest remnants
with high endemism proportion (Miranda et al.,
2016). The high rates of change of land cover due
to the dynamic of short time rotation of industrial
plantations have generated modifications in the
floristic composition of plant species, leading to an
increase of alien species adapted to conditions of
constant change and variability.

The invasion of dangerous alien species can lead to

extinction of native species, modifying biodiversity,
affecting ecosystems services, modifying the
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ecosystem metabolism and affecting the landscape
(Hobbs 2000). The monitoring of alien species is
paramount to prevent this effects, this is why remote
sensing has demonstrated to be a valuable toolin this
endeavor (Asner and Vitousek 2005). The generation
of especially explicit empirical models that allow to
identify where those species are grouped, can help to
improve the management decision at the landscape
level. The investigation present an original predictive
modelling methodology based on a synergistic
remote sensing approach that make use of spatio-
temporal predictors based on vegetation index and
evaporative fraction information.

The study area comprise to subcatchments (Purapel
y Cauquenes) covered mainly by forest plantations
and are located in the coastal range mountains of
the Maule and Bio-bio regions (Fig. 1). Land cover
maps were computed with the Maximum Likelihood
supervised classification from Landsat data for
years 2001 and 2013 in order to determine the field
sample plots that represent the most representative
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Fig. 1: Study site and sample plots spatial distribution

ecosystem states within the catchments: Early
successional; adult pine plantation; adult eucalyptus
plantation; mixed-exotic-native; native forest (Fig
2). Field vegetation surveys were accomplished to
determine plant vascular species richness, including
herbs, shrubs and trees, in 39 plots of 225m? each, by
using a nested plot design.

Several kind of predictors were considered:
topographical, derived from a DEM SRTM; vigor of
vegetation derived from spectral indexes (NDVI,
GNDVI, NGRDI); and hydric status of vegetation
represented by evaporative fraction (EF) computed
with thermal data using the Simplified Surface
Energy Balance Index (S-SEBI) (Roerink et al. 2000)
following the parameterization of Galleguillos et al.
2011. Spectral and thermal predictors were obtained
from ASTER Level 2 products of surface reflectance
and land surface temperature, spatio-temporal
metrics were computed for the latter predictors,
and these were obtained from nine and eight scenes
spanning the years 2001 to 2014 for Cauquenes and
Purapel watersheds. Variables eco-hydrological
conditions were covered by the set of available
scenes according to the time lapse from the last
significant precipitation event. The predictors were
submitted to texture analysis with a gray-level co-
occurrence matrix, which allowed to characterize the

spatial heterogeneity of the landscape. A data mining
approach based on the Recursive Feature Elimination
(Guyon et al. 2002) algorithm was used to obtain
the combination of predictors that explain better
the response variable. Then, the selected predictors
were used to adjust a Generalized Linear Model with
a Poisson distribution (Lopatin et al., 2016).

A parsimonious model was obtained for alien
richness prediction (Fig. 3), with an R2 = 0.74, an
RMSE = 2.18 and a BIAS = 11.1% considering 4
predictors: the variance between 25 pixels (kernel
of 5*5) from a raster that represent the first quartile
of the temporal series of NGRDI (spectral-spatial-
temporal predictor, NGRDIpc_Vxs5), the quotient
of the absolute deviation from the median and the
median of temporal series of evaporative fraction
(temporal-energy flux predictor, EF_cb), the land
cover (structural predictor), and the watershed
where the alien species belongs (bioclimatic
predictor). Representation of the model: gim
(Richness ~ NGRDIpc_Vxs5 + EF_cb + LandCover +
watershed). A bootstrapping validation assessment
shows the consistency of the model in the Fig. 3
a,b,c). The selected predictors were coherent with
the functional dynamic of alien species in those
kinds of ecosystems, and with the inner structural
compatibility of each land cover class.
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Native Forest

Eucalyptus Plantation

Figure 2. Ecosystems states identifies according to the land cover changes analysis of maps of 2001 and 2013.
Arrows represent expected transitions between classes and the width of the arrows represent the frequency

of the transition within the catchments.

Results and discussion
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Fig. 3: a,b,c). Coefficient of determination, root-mean-square error and bias bootstraping validation
assessment respectively of the predictive model. d) Model representation (predicted alien species richness

by the model vs observed alien species richness).

Conclusions

The synergy generated by the contribution of

different source of satellite data and the spatio-
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temporal analysis allowed to obtain an acceptable
accurate prediction of alien species richness in
forested ecosystems subjected to strong anthropic
pressure.
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Forests provide important ecosystem services, such
as timber production for a growing bio-economy,
food, increasing demand biodiversity, water and
protection against natural hazards. Forests are
also increasingly important in mitigating climate
change effects by storing large amounts of carbon.
The physiology and productivity of forests are
strongly altered by environmental conditions
such as climate, soils and management practices.
Understanding the response and feedbacks of forest
towards historic, current and future environmental
change requires a consistent large scale model
framework incorporating the biogeochemical
processes between vegetation and the atmosphere.
Today large scale forest information is provided by
earth observing satellite systems which include the
Moderate Resolution Imaging Spectroradiometer
(MODIS). MODIS data can be used in conjunction
with the MODz1y algorithm to produce vegetative
productivity estimates. This algorithm combines
biogeochemical model principles with temporally-
-explicit vegetation data and daily climate data
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to provide productivity measures worldwide on
a 1-km resolution. In this study we computed a
regional Net Primary Production (NPP) dataset
(*MODIS_EURO") by rerunning MOD17 with local
European climate data. We next harmonized tree
carbon estimation methods from 13 European
countries and processed data from 196,434 plots
(more than 2 Mio. sample trees) from 13 National
Forest inventories to obtain terrestrial NPP. With
this reference dataset, we evaluated our previously
created remote sensing dataset “MODIS_EURO”
across scales and gradients. MODIS EURO shows
better agreement with the terrestrial reference NPP
from forest inventory data, than the global MODIS
NPP estimates that use a global climate data set,
highlighting the importance of accurate climate data
in remote sensing applications. MOD17 is climate
sensitive and local climate data better captures the
conditions in Europe. Discrepancies between MODIS
EURO and terrestrial data can be explained by
differences in forest stand density and the employed
tree carbon estimation methods. This new dataset
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- the key outcome of this study - provides wall-to-
wall NPP estimates for Europe (EU-27 including
Norway and Switzerland) and allows spatial and
temporal analysis on the impact that environmental
change has on vegetative productivity. This study
highlights the advantages and disadvantages of two
conceptually different approaches for estimating
NPP and enhances our understanding of linking
terrestrial with remote sensing data.
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Relating forest height structure to virtual ground truth data
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Recent developments in remote sensing technology
have improved our abilities of forest monitoring
remarkably. Accurate height maps and even 3D
point clouds of forest canopies can be obtained from
light detection and ranging (Lidar) and increasingly
from synthetic aperture Radar (SAR) satellites
(e.g. TanDEM-X, Sentinel-1). However, it remains a
challenge to link metrics of height structure to the
main variables of interest, such as forest biomass,
productivity, carbon turnover, stem size distribution,
disturbance patterns or forest age. Usually, large
forest inventory datasets are required to establish
robust relationships between remote sensing
metrics and ground-based metrics. Such inventory-
based calibration requires extensive field campaigns
and reaches its limits with variables which are
difficult to measure at plot scale, like carbon fluxes.

Here, we propose a new approach where we
complement real world ground-truth data with
virtual forest inventory data generated by forest
simulations. Dynamic forest models help us to
understand the links between ecological processes
and vegetation structure. Hence, joining the fields
of remote sensing and forest modeling will lead to
mutual benefits, by increasing structural realism of
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forest models and facilitating the development and
calibration of remote sensing approaches.

We wused the individual-based forest model
FORMIND to simulate the neotropical lowland
rainforest of Barro Colorado Island (BCl), Panama,
and derived virtual inventory data covering the
full range of possible successional states. For each
simulated stand we also conducted a virtual remote
sensing campaign using a Beer-Lambert-based Lidar
model. The simulated datasets were then used to
investigate relationships between remote sensing
metrics and intrinsic attributes of the forest. We
considered metrics of different spatial resolutions to
also mimic height data that could be obtained from
spaceborne SAR systems.

The presented methodology can serve to better
understand how carbon dynamics in forests relate
to the measurable structure of forests and how
this information can be used for remote sensing
based inventories and monitoring. Additionally, the
approachallows exploration of the potential of future
satellite missions (e.g. GEDI, BIOMASS, Tandem-L)
for estimating the different forest attributes.
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Abstract

Imaging spectroscopy has proven to be a promising tool to provide information on forest biochemical
and biophysical variables. The presented study is investigating crown component fractions in a forest
ecosystem on a sub-pixel-basis. In this context, the potential of spectral unmixing to derive information
on the distribution of the endmembers ‘leaf’, ‘bark’ and ‘soil’ within a pixel is analyzed.

Close range spectral measurements of the canopy and its components were taken with an ASD
FieldSpec instrument mounted to a crane measurement platform situated in a temperate deciduous
forest in North-East Germany. Reference fractional abundances of the components were precisely
determined from photographs taken simultaneously to the ASD measurements. Unlike most other
studies, which only considertwo components, mainly ‘leaf’ and ‘soil’, this experimental setup facilitated
the inclusion of the additional component ‘bark’ for the unmixing of forest crown components.

Measurements from different stages of the phenological phases were used in this study. In the 2015
field campaign, data was collected on April 21%, June 5™, August 3 and October 1°. Airborne HySpex
data was collected simultaneously on the last three of these dates and on July 7*".

Especially in summer, the dense foliation in this complex vegetation structure causes the problem of
saturation effects, when applying broadband vegetation indices. This study illustrates that multiple
endmember spectral mixture analysis (MESMA) can contribute to overcoming this challenge. The
results indicate that the inclusion of an additional ‘bark’ endmember clearly improves the accuracy of
the unmixing results. When only nadir viewing directions were taken into account, a mean absolute
error of 7.9% could be achieved for the fractional occurrence of the ‘leaf’ endmember and 5.9% for
the ‘bark’ endmember. In order to evaluate the results of this field-based study for remote sensing
applications, a transfer to airborne and satellite-based imagery was carried out. All sensors used in this
study were capable of unmixing crown components with a mean absolute error ranging between 3%
and 21% for the nadir measurements.

However, airborne and spaceborne sensors provide imagery that includes not only nadir viewing
directions. Off-nadir viewing zenith angles up to 10° are a common case for sensors with a large swath.
This needs to be considered in image processing and the derivation of biophysical parameters. BRDF
corrections account for illumination and viewing geometry as well as structural and optical properties
of the surface, but commonly, they do not account for variations in the actual visibility of the canopy
components at different observation angles. The crane measurement platform allowed for a very
detailed view on the changing visibility of the occurring canopy components at different angles.
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Abstract

Shrubs are an important component of forested ecosystems around the globe. Fulfilling many
ecological niches, shrubs can be anything from a source of food and habitat, to an understory fuel in
wildfire. Shrubs add vital carbon and nutrients to forests, assist in water filtration and storage in forest
soils, and can act as a key indicator of overall forest vigor. Despite theirimportance, shrub distributions
are widely unknown across landscapes. In addition, mapping shrub locations in the field is arduous
and virtually impossible to implement across entire landscapes. Thus, in order to protect and manage
shrubs, it is important that a method for mapping and quantifying shrubs across the landscape is
developed. LiDAR has been proven to accurately measure upper canopy features when compared
with field measurements, but has not been proven to be a viable method of measuring below-canopy
features such as shrubs, despite it's ability to penetrate the forest canopy. This study will create and
evaluate a method for detection and prediction of shrub locations across a landscape using Random
Forest, a classification and regression machine learning algorithm.

This study was performed on the 25.6 ha Yosemite Forest Dynamics Plot in Yosemite National Park.
Medium-resolution (averaging 30 points per m”2) discrete-return LiDAR data was acquired in 2010,
and in 2011 field crews mapped and identified the species of all shrub patches >2 mA2. The LiDAR
data was analyzed using FUSION, which generates 400+ metrics from the LiDAR data, including both
canopy structure and topographic metrics. These metrics were input as predictors into a Random
Forest model, and then used to detect and predict shrub locations. With this method, explanatory
model accuracies averaged 84% using only topography metrics, 75% using only structure metrics,
and 79% using both structure and topography metrics. Predictive model accuracies were shown to be
much lower, averaging 33% accuracies for all 3 predictor inputs. These lower accuracies appear to be
spatially correlated and may potentially be explained by variables not captured in previous field data
collection efforts. In order to better understand and explain these results, further investigation into
these errors is needed and will likely be performed in Fall 2016.
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Understanding controls on seasonal and inter-
annual variability in vegetation phenology is of
paramount importance for Earth system modeling.
Here, we introduce a new approach for scaling
tropical ecosystem phenology by using multi-angle
Moderate Resolution Imaging Spectroradiometer
(MODIS)observationstoinvertafully coupled canopy
reflectance model (ProSAIL). Monthly estimates of
vegetation leaf pigments derived from the inverse
model showed strong seasonal variations across
two flux-tower sites in the central Amazon basin
with marked increases in chlorophyll concentrations
during the early dry season. Remotely sensed
chlorophyll concentrations were strongly correlated
to field measurements (r*=0.64 and r>=0.98). We also
utilized hyperspectral data from a camera installed

on a tower to scale modeled chlorophyll pigments to
MODIS observations (r*=0.73). Chlorophyll pigment
concentrations (Chl, ) were correlated to changesin
the amount of young and mature leaf area per month
(0.59 £r*<0.64). Increases in MODIS observed Chl,
were preceded by increased photosynthetically
active radiation (PAR) during the dry season (0.61
< r*< 0.62) and followed by changes in net carbon
uptake. This allows the conclusion that, at these two
sites, seasonality of plant productivity is controlled by
vegetation phenology rather than sunlight directly.
Remote sensing of leaf pigment concentrations
can help to improve our understanding of seasonal
changes the photosynthetic leaf area’s efficiency to
absorb sunlight.
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A polyalgorithm for land cover trend and change detection
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Abstract:

Forest monitoring and management can benefitimmensely from satellite images. Time series analysis
of satellite imagery is one way of extracting the wealth of information held in these images. Several
algorithms to this end have been proposed by different groups in the remote sensing community
utilizing different approaches: analytics based, mathematical functions based, some purely temporal,
some spatio-temporal, and the like.

However, the design and selection of these algorithms, so far, appears to be predominantly context
specific, i.e., most of these proposed methods seem to perform well on the dataset that they are
designed for but their performance on randomly picked datasets from across the globe has not been
studied. In general, no single algorithm designed so far will work for all regions is highly likely. The
same is also indicated by our experiments.

In this talk, we will present a novel time series analysis algorithm, specifically a "polyalgorithm’, to
circumvent this gap. Our polyalgorithm consists of four different time series analysis algorithms along
with a set of metrics for analyzing the requisite results to produce the final result. The algorithms we
have chosen are fundamentally unique to each other in their design as well as in the phenomenon they
capture. We have experimented with 6 different path/rows of Landsat images, collectively covering a
gamut of ecosystems. For scalability and robustness, all the codes are written in Fortran.

Our algorithm will be useful in understanding and monitoring deforestation, urbanization, changes
in tree canopy covers and such other processes, both anthropogenic as well as natural. It can thus be
directly utilized by the policy makers for managing forests. It will further be of use in a much broader
spectrum of applications including but not limited to general Earth monitoring (eg., land usage, land
cover), health monitoring and urban transportation.
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The Council for Scientific and Industrial Research
(CSIR) lead by die Meraka Institute and supported by
partners such as the South African National Space
Agency (SANSA), University of Maryland and Uni-
versity of Wisconsin Madison have been involved
in the developed of the Advanced Fire Information
System (AFIS) over the last 12 years. The original aim
of the system was to provide near real time fire infor-
mation to fire fighters, farmers and forest managers
across Southern Africa based on Earth Observation
satellite products from Terra and Aqua MODIS and
the Geostationary MSG. With the launch of the sys-
tem in 2004, Eskom (South Africa’ and Africa’s lar-
gest power utility) quickly became the biggest user
of the system where more than 300 line managers
and support staff all around the country would recei-
ve cell phone and email fire alert messages whene-
ver a MODIS or MSG active fire was detected within
2 km of any of the 28 oookm of Eskom’s transmission
lines. Today the system has evolved in to a compre-
hensive wildfire information system that provides
users with information and intelligence around the
prediction, detection, monitoring and assessment of
wildfires globally. EO satellite wildfire detections are
complemented with both crowdsource detections
from the AFIS Watchtower app as well as through
automated in situ camera detection systems capable
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of detecting thin smoke plumes up to 20 miles away.
Fire Danger models such as the Canadian FWI and
Australian McArthur Fire Danger models have been
fully integrated in to the system and can be produ-
ced for any area globally. A new MODIS burned area
product has been produced by merging the standard
MCD45 MODIS with the MCD64 BA product from
Louis Giglo while a new Landsat 8 and Sentinel 2 al-
gorithm has also been developed to provide higher
resolution mapping of new fire events.

The visualization of AFIS has evolved from an online
web viewer to a hybrid wildfire dashboard providing
situational awareness for any region of interest. The
NASA World View integration in to the dashboard
has dramatically improved the visualisation compo-
nent within the dashboard and now provide users
with access to not only the Direct readout station
data but also all the NASA GIBS data sets.

The AFIS mobile app is available on both the ITunes
and Play stores and provides users with access to fire
detections, fire weather forecasts and fire history
through their mobile devices. The new AFIS Watch-
tower app allow fire managers to report the location
of a new fire through their phone camera and is cu-
rrently been tested by fire managers in Portugal.
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Abstract

The main objectives of the research work were to determine usefulness of high-resolution optical
satellite data for monitoring various forest parameters and to assess impact of changeable climatic
conditions with the use of vegetation indices derived from remotely sensed data. Three types
of high-resolution satellite data were used in the study: Landsat TM/OLI, SPOT 5 and Sentinel 2
images. Three forest areas located in a temperate climatic zone in northeastern Poland, differing in
environmental conditions were taken into consideration. Five vegetation indices describing various
aspects of plant condition and vegetation structure - Normalized Difference Vegetation Index -
NDVI, Enhanced Vegetation Index - EVI, Triangular Vegetation Index - TVI, Normalized Difference
Infrared Index - NDII, Disease Water Stress Index - DSWI - were derived from satellite images. Their
values were analyzed in a temporal profile in four vegetation seasons: 2006, 2014, 2015 and 2016, in
conjunction with meteorological parameters — temperature and precipitation. The results of analyses
proved that dedicated vegetation indices characterizing water stress in plants — Disease Water Stress
Index (DSWI), Normalized Difference Infrared Index (NDII) and Triangular Vegetation Index (TVI) are
sensitive to changeable climatic conditions, especially detecting drought impact on forest canopies.
The indices are also useful for characterizing types of forest site, tree stand mixture and tree species.
In particular they give an opportunity to differentiate dry, fresh and humid forest sites, three levels of
mixing conifers and hardwoods, as well as some species within deciduous forests.

Introduction

Forest monitoring with the use of remote sensing
techniques is an important topic, both in global and
regional scale. As far a global scale is concerned,
there were many initiatives aimed at application
of low and medium-resolution satellite data for
deriving information on forest state and its changes
[Boyd and Danson, 2005; Blackard et al., 2008;
Soudani el al., 2008; Asner et al., 2009]. The most
important international projects dealing with
this topic were: TREES, REDD, Geoland Forest
Monitoring, GLOBBIOMASS and others [Gibbs et
al., 2007; Bicheron et al., 2008; Le Toan et al., 2011]
. But parallel to forest monitoring at a global scale

numerous projects have been conducted in order
to apply high-resolution satellite images for forest
mapping and for estimating forest parameters
[Puzzolo et al., 2003; Huang et al., 2010; Morton et
al., 2011; Miettinen et al., 2014]. Different types of
satellite data, both optical and microwave, have
been used for this purpose and various aspects of
forest monitoring were taken into account. Several
practical conclusions on applicability of remotely
sensed data for forest monitoring have been already
drawn, nevertheless due to complexity of forest
environment and its differentiation through various
climatic zones there is still a need to further develop
and improve the existing methods. The presented
work is a contribution to that development,
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concentrating on the use of optical high-resolution
satellite images for characterizing various forest
parameters and for studying impact of climate
changes on forest behavior in a temperate zone.

Methodology

Three forest areas located in northeastern Poland
have been selected as pilot sites for the presented
research work. These are: Bialowieska Forest,
Knyszynska Forestand Borecka Forest. Northeastern
Poland, where the sites are located, is under
influence of continental climate, characterized
by impact of polar air masses, shorter vegetation
period comparing to the rest of Poland and quite
high temperature fluctuations. There are some
differences in climatic conditions between sites
— Borecka Forest is slightly influenced by oceanic
climate which has a certain impact on vegetation
development. The selected forest areas are also
different, as far as tree species and forest sites are
concerned.

Three types of high-resolution satellite images have
been used: Landsat TM/OLI images, SPOT 5 images
and Sentinel 2 images. Apart from satellite images
ground reference data have been collected for the
regions of interest. The detailed digital forest maps
prepared by Forest Service have been compiled;
they comprise comprehensive information on
forest, including species, stand mixture and type
of forest site. Moreover, ground measurements
characterizing real plant condition have been
conducted  (spectroradiometric,  fluorescence,
pigment content measurements).

Inordertostudy, if specificvegetationindicesderived
from high-resolution satellite data are sensitive
to variable climatic conditions characterized by
changes of meteorological parameters and if they
change due to some forest parameters — type of
forest site, tree species and tree stand mixture, a set
of indices was generated, namely:
Normalized Difference Vegetation Index — NDVI
characterizing general plant condition
NDVI=(NIR - RED) /(NIR + RED)

Normalized Difference Infrared Index -
characterizing water content in plants

NDIl = (NIR-SWIR 1) /(NIR + SWIR 1)
Disease Water Stress Index — DSWI characterizing
stress of plants due to water shortage and damage

DSWI = (NIR—-GREEN)/(SWIR 1 + RED)

NDII
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Triangular Vegetation Index — TVI characterizing
plant condition and chlorophyll content in red-edge
TVI=0.5 *[120 * (R750 — R550) — 200 * (R670 — R550)]
All indices were analyzed in a temporal profile. In
order to quantify their changes and to relate them
to climatic conditions, simple index characterizing
decrease of vegetation index was produced using
the following formula:

Decrease

= X =Min.
index value index value at peak season index value at the end of season

Regarding tree species six species represented
within study areas were selected for the analysis:
two coniferous species — spruce and pine and
four deciduous species — birch, alder, oak and
hornbeam. Three types of forest site were taken
into consideration: fresh, humid and dry site, in
combination with various tree species — conifers and
hardwoods. Tree stand mixture was analyzed at three
levels of mixing: pure stands (90 — 100 %), 70 to 9o %
of dominant species, 50 to 70 % of dominant species.

In order to study relations between vegetation
indices derived from high-resolution satellite data
and climatic conditions meteorological information
was compiled for the regions of interest, using web-
available database http://en.tutiempo.net/climate/
poland.html. It comprises various meteorological
parameters e.g. mean daily temperature and
precipitation. These parameters at first stage of
the works were processed in order to produce so-
called hydrothermal index, which combines both
temperature and precipitation information in
10-day’s cycle, characterizing drought conditions for
the study area.

Results

At first stage of the works thorough analysis of the
selected vegetation indices has been performed,
in order to find those which are more useful for
differentiating particular tree species and which
can respond to variable climatic conditions in a best
way. The analysis was done for indices derived from
Landsat, SPOT and Sentinel 2 data with the aim
to compare usefulness of these types of satellite
images for forest studies. Comparative analysis
of four vegetation indices — NDVI, NDII, DSWI
and TVI revealed that Disease Water Stress Index
(DSWI) derived from Landsat images and Triangular
Vegetation Index (TVI) derived from Sentinel 2 data
are the most sensitive to species differentiation,
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analyzed through vegetation season. Both indices
demonstrate possibilities of differentiating some
tree species, e.g. pine and spruce from coniferous
group, as well as alder, birch and hornbeam from
deciduous group. Changes of indices for 2015 and
2016 are presented in figure 1.

As both analyzed indices — DSWI and NDII revealed
some decreasing trends at the second part of
vegetation period, it was decided to verify, if these
changes are related to meteorological situation. For
this purpose hydrothermal index (HT) which informs
on drought has been calculated and next DSWI
index based on Landsat data has been computed
for all vegetation seasons between 2000 and 2015.
Next differences between maximum and minimum
DSWI value were determined and correlated
with the mean hydrothermal index derived from
meteorological data for the years of interest, using
Statistica software package for this purpose. Results
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of correlation analysis revealed, that there is a
quite strong relationship between vegetation index
derived from remotely sensed data and the index
characterizing climatic conditions - the correlation
coefficient r was equal to -0.723. The results are
presented in graphical form in figure 2.

The second part of the research work was devoted
to analysis of impact of type of forest site and stand
mixture on values of vegetation indices derived from
high-resolution data. The analyses conducted for
three types of forest site — dry, fresh and humid site,
as well as for three levels of stand mixture revealed
that both forest parameters have an influence on
values of DSWI and TVI indices, decreasing level of
index in case of dry site and increasing its value in
case of mixing coniferous forests with deciduous
species. These impacts should be taken into account
while analyzing relationships between vegetation
indices and climatic conditions.d
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Fig. 1. Changes of vegetation indices - DSWI and TVI for 2015 vegetation season
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Conclusions

The main conclusion from the presented study
is that there are relations between changeable
meteorological conditions and forest condition,
expressed by remote sensing based indices, but
these relations vary depending on type of forest
site and degree of tree species mixture. It was
found that vegetation indices derived from high-
resolution satellite data, which include information
on spectral reflectance both in near infrared and
shortwave infrared bands, can be effective for
evaluating stress in forest stands due to drought
conditions. The second important conclusion is that
some basic characteristics of forest stands, such as
forest site type and degree of tree species mixture
have impact on remote sensing based parameters,
while applying adequate vegetation indices, such as
Disease Water Stress Index (DSWI) and Triangular
Vegetation Index (TVI), which modify the general
relations between climatic changes and forest
condition. While analyzing relations between EO-
based vegetation indices and forest characteristics it
was found that deciduous stands are more sensitive
to drought conditions, as expressed by changes of
DSWI index, than coniferous forests. Comparing
forest sites it was proved that coniferous stands
located on dry forest site are more resistant to long-
term drought than those situated on fresh and humid
sites. These conclusions open new possibilities for
the detailed forest studies and assessments, but also
point out complexity of analysis of satellite images,
when applied for forest monitoring. So finally one
can conclude, that optical, high-resolution satellite
images are useful for assessing impact of climate
change and for analyzing main environmental
features of forests, but in order to derive more
information e.g. on forest structure synergistic use of
optical and microwave images should be considered.
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Assessing the cumulative climatic effects on regional forest
decline dynamics in coniferous forests
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Abstract

Protracted, multi-year changes in forest vegetation have become the dominant form of disturbance
in the western United States and these forest declines are generally attributed to climate-mediated
stressors like drought, insects, and disease. However, climatic effects compound over time (e.g., multi-
year droughts), implying that examination of forest declines must incorporate cumulative climatic
effects. Our research assesses the contribution of climate to remotely sensed forest decline (RSFD).
We leveraged a two-stage stratified random sample of coniferous forests in the western United States
and the TimeSync Landsat time series visualization tool to use 30-m multispectral imagery (Landsat
TM and ETM+; 1984-2012) and repeat photography (Google Earth) to derive independent plot-based
estimates of the presence or absence of RSFD at each sampling location.

Using MaxEnt, a machine learning algorithm for modeling presence data, we found that previous year’s
precipitation, currentyear’s maximumtemperature, and trendsintemperature and precipitation during
the previous five years all contributed to observed patterns of RSFD, implicating ecological drought
(decreasing precipitation and increasing temperature) as a driver of RSFD. Stochastic Antecedent
Modeling, a hierarchical Bayesian statistical approach to examining lagged, or cumulative, effects,
provided a more nuanced image of climatic influences on RSFD. Preliminary results for a subset of
spruce, fir, and mountain hemlock (SFMH) forest locations experiencing decline (n = 50) indicated that
maximum monthly spring temperatures (April — June) and total monthly summer precipitation (July
— September) exhibited cumulative effects on RSFD timing up to 8 years into the past. SFMH forest
decline was most sensitive to cumulative temperature and precipitation in colder climates, highlighting
sensitivity of high elevation forests to drought-induced decline. Additionally, RSFD associated with
high temperatures was associated with dense, closed canopy forests (i.e., high tasseled-cap wetness),
whereas it was associated with sparse forest canopies (i.e., low angle) for low precipitation. These
results indicate that forest vulnerability to drought-induced decline will vary regionally, that these
declines develop over the course of several years, and that local variation in forest structure will
mediate the impact of interannual variation in climate on forest health.
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Assessing the predictions of high-resolution climate surfaces:
a statistical analysis in a Southern Hemisphere country
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Climate variables are needed in several disciplines
ranging from engineering to natural sciences
for management, policy making, and scientific
purposes. In order to overcome the problems of
rather scatter available climate data in some places,
several interpolated climate surfaces (ICS) have
been produced worldwide. These climate variable
surfaces are spatial grids at high spatial resolution
(e.g., 1 km?), and are currently used for many
applications. The WorldClim project is one of the
most used ICS because it has been made widely open
and is freely available on the Internet. In forestry,
ecological, and geographical applications, a ICS is
not only used for imputing missing climate variables,
but also for mapping and modelling climate change
and its effects on related variables, such as, species
distribution and population changes. However,
neither its uncertainties nor its predictions had been
thoroughly analyzed. We assessed the monthly
predictions of WorldClim for four climate variables
(maximum, mean, and minimum temperature; and
precipitation) through all Chile (i.e., over an area of
more than 750000 km?, through an extension of 4270
km) based on a large set of weather station data,
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to create concurrent observations. We assessed
the prediction errors, as well as the performance
of WorldClim by conducting statistical hypothesis
testing on the estimated parameters of an observed-
predicted simple linear regression model. The
results indicate that only the maximum temperature
is correctly predicted during the entire year by
WorldClim. The precipitation is better predicted
during summer and spring seasons (i.e., September
— February) than during autumn and winter seasons
(i.e., March — August). However, there are statistical
differences for predicting both the minimum and
mean temperature for all months. We point out
that WorldClim predictions although have several
problems, are quite useful in practice. Nevertheless,
we recommend calibrating or validating the climate
predictions as much as possible in any study that
would heavily rely on climate data. This process will
provide insights into the geographic distribution of
uncertainties and will allow for improvements of
climate variable surfaces at locations of interest.
Finally, we demonstrate a statistical assessment
based on both prediction capabilities and hypothesis
testing.
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Assessment of forest productivity from MODIS NPP data in
relation to forest management and optimal leaf area index
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Abstract

Global scale maps of terrestrial ecosystem net primary production (NPP) are routinely produced
based on coarse spatial resolution satellite data (Zhao, et al. 2005). The NPP is estimated by using
Monteith hypothesis which states that total photosynthesis product (GPP) is proportional to absorbed
photosynthetically active radiation and light use efficiency and limited by air temperature and water
vapor pressure deficit. NPP is obtained by subtracting growth and maintenance losses from GPP. It
can be expected that the NPP estimates are related to forest growth and disturbances.
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We used three NPP datasets to assess the impact of forest management induced disturbances to
forest productivity in hemiboreal forests in Estonia. Landsat TM based regeneration felling maps
(U. Peterson, Tartu Obsevatory) covering years 1987-2013 with about 5-year interval were used to
calculate disturbance signatures for 1tkm2 forested pixels of NPP maps. Three independent NPP
estimates were used (Zhao, et al. 2005, Nilson et al. 2012, Neumann et al. 2016). The mean NPP
estimate was positively correlated with disturbances and site fertility and negatively correlated with
the share of coniferous (Figure 1).

The NPP relationship with site fertility can be expected to be positive and negative correlation of NPP
with the share of coniferous can be explained by the tree species preferences to sites and also forest
spectral signatures and the NPP model constants. However, the positive correlation between NPP
and disturbances can be induced by the optimum LAI phenomena in the NPP algorithms (Nilson et al.
2014) happening due to saturating relationship between fAPAR and LAl and increasing maintenance
losses with increasing LA
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Abstract

The increasing need to monitor and oversee burned areas with greater precision has resulted in a
series of studies which are focused on improving the accuracy and efficiency of mapping using satellite
platforms with high resolution spatial sensors, those which generally only incorporate spectral bands
in the visible and near-infrared range (VNIR). Traditionally for the study and detection of burned areas
the near-infrared (NIR) and mid-infrared (SWIR) spectral zones have been used, given their sensitivity
to this type of land cover, but only the medium and low spatial resolution sensors incorporate SWIR
bands, in oriented studies usually at the regional level. The present study seeks to classify burned
areas using visible and near-infrared (VNIR) spectral bands, using a support vector machine (SVM).
The analysis exclusively considers pixels of the VNIR bands from different satellite platforms such as
Fasat-C, SPOT, GeoEyes, WorldView-2, Landsat-8 and Sentinel-2A, as well as some spectral indices
derived from this zone of the spectrum. The results of the classification based on pixels from different
servers using an SVM indicate that the use of spectral indices combined with VNIR spectral bands,
instead of just the VNIR spectral bands, improves the accuracy and reliability of the recognition of
burned areas. A SVM is shown effective since using images from different sensors still does not have
major problems in detection. Nonetheless, volcanic slag zones tend to be classified as areas affected
by burning mainly because the spectral signature is very similar in the VNIR spectral region, but this is
solvable applying a mask of non-vegetational soil uses.
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Abstract

Fire is a major factor affecting access to high quality forage such as terricholous lichens for barren
ground caribou (Rangifer tarandus groenlandicus). Herein, we characterize how the size and severity of
fires are changing across five barren ground caribou herd ranges occurring in the Northwest Territories
and Nunavut, Canada. Additionally, we demonstrate how time since fire, fire severity, and time of year
(season) result in complex changes in caribou behavioural metrics estimated using telemetry data. Fire
disturbances were identified using novel time series of gap-free Landsat surface reflectance composites
from 1985 to 2011 across all herd ranges. Burn severity was estimated using the differenced normalized
burn ratio (ANBR). Annual area burned and burn severity were assessed through time for each herd
and, using generalized additive mixed models, were related to two behavioural metrics: velocity and
relative turning angle. Neither annual area burned nor burn severity displayed any temporal trend
within the study period. However, certain herds, such as the Ahiak and Beverly, have more exposure
to fire than other herds (i.e. Cape Bathurst had a maximum forested area burned of less than 4 km?2).
Time since fire and burn severity both significantly affected velocity and relative turning angles. Across
all seasons, fire virtually eliminated foraging-focused behaviour for all 26 years of analysis while more
severe fires saw a marked increase in movement-focused behaviour compared to unburnt patches.
Between seasons, caribou used burned areas as early as one-year post fire, demonstrating complex,
non-linear reactions to time since fire and fire severity, and these reactions changed depending on
season. In all cases movement-focused behaviour was detected post fire. We conclude that changes in
caribou behaviourimmediately post-fire are primarily driven by changes in forest structure rather than
changes in terricholous lichen availability.
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Bringing Earth Observation Services for Monitoring Dynamic
Forest Disturbances to the Users - EOMonDis
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Abstract

The geographical extent and limited accessibility of tropical forest ecosystems hinders accurate
estimation and spatial explicit monitoring of forest resources by purely field-based inventories. The
spatial explicit representation of forest ecosystem status and changes thereof is a key requirement to
protect natural forests, enable effective forest law enforcement and support sustainable management
of forest resources. This paper introduces the background of the EOMonDis project, mapping service
requirements and the methodological concept for algorithm development and product verification.
Furthermore, the processing chain and results for optical based dense time series analysis for one out

of four test sites are described.

Introduction

During the last decade, remote sensing has become
an integral part of national and international
forest policy programmes. An important forest
management policy is embedded in the United
Nations Framework Convention on Climate Change
(UNFCCC) programme Reducing Emissions from
Deforestation and Forest Degradation and the
role of conservation, sustainable management of
forests and enhancement of forest carbon stocks in
developing countries (REDD+), which was started in
2005 by an initiative of a few countries. The initial
effort was further developed such that the REDD+
mechanism is based on a three phased approach, of
which the final phase relates to payments for verified
emission reductions. These financial incentives
should preserve carbon stored in natural forest
ecosystems and reduce emissions from forested
lands. An essential component of such a system is
a reliable monitoring system of forest resources
and changes thereof. At the same time, the private
sector companies of the commodity sector want
to establish deforestation free production chains.
Within this context, a methodological approach was
developed to identify areas for potential expansion

and identify areas of High Carbon Stocks (HCS)
that shall be preserved [1]. Thus, for the successful
implementation of forest policies, forest resources
have to be mapped spatially and subsequently be
monitored to track changes on a regular basis.
Mapping of activity data (AD) furthermore provides
avaluable information source for a sustainable forest
management. With the launch of first satellites of
the Sentinel constellation, optical and radar data
of high spatial and temporal resolution are freely
available. In the near future, the temporal coverage
will be even increased by the launch of other
satellites complementing the constellation. With
the high repetition rate of the Sentinel-2 satellites,
complemented by Sentinel-1 data and Landsat
sensors, fast response monitoring systems can be
implemented with low Earth Observation (EO) data
costs. Up-to date information on activity data can
thereby be provided to realise an effective forest
management.

“Bringing Earth Observation Services for Monitoring
Dynamic Forest Disturbances to the Users” project
(EOMonDis) is a project supported by the European
Commission’s Horizon 2020 programme and is being
implemented from 2016-2019. The overall aim is to
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improve tropical forest monitoring products that are
based on satellite borne high-resolution sensor data
and of high temporal resolution. The project focuses
especially on developing state-of-the-art processing
chains based on dense time series and suitable
for large area mapping by integration of available
optical and radar data with particular emphasis on
Sentinel 1 and 2 data.

This paper will present in the next Section the main
forest monitoring requirements for the UNFCCC
REDD+ policy as well as for the Zero Deforestation
(ZD) programmes. Section 3 will summarise the
Study Sites that will be used in the current project.
The following Section 4 will then present the planned
methodological approaches and the paper will end
with a concluding section.

Forest Monitoring Requirements

Countries that are willing and able to reduce
emissions  from  deforestation and forest
degradation are recommended by the United
Nations Framework Convention on Climate Change
(UNFCCC) Conference of Parties (COP) to establish
robust and transparent forest monitoring systems
to account for anthropogenic forest-related
greenhouse gas emissions by sources and removals
by sinks. The methodological approach proposed by
Intergovernmental Panel on Climate Change (IPCC)
for carbon emission accounting requires two basic
data: (1) activity data (area extent of the activity)
and (2) emission factor (carbon stock per unit area).
Consequently, potential REDD+ countries need to
estimate emissions and changes in forest carbon
stocks from deforestation or forest degradation and
have a means to establish reference emission levels,
against which future emissions can be compared, as
well as to address the displacement of emissions.

Additionally the IPCC Good Practice Guidance
(GPG) for Land Use, Land Use Change and Forestry
(LULUCF) defines 3 Tiers or levels of accuracy for
reporting which have to be considered for the REDD
services. “Moving from Tier 1 to Tier 3 increases the
accuracy and precision of the estimates, but also
increasesthe complexity and the costs of monitoring”
[2]. Furthermore, in the case of deforestation the
GPG presents three approaches to obtaining areal
extents: “(i) only identifying the total area for each
land category (approach 1); (ii) tracking of land-use
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changes between categories (approach 2); and (iii)
tracking land-use changes using sampling or wall-to-
wall mapping techniques (approach 3). Approach 3 is
the only approach that tracks forest and other land
conversions on an explicit spatial basis, including
gross deforestation and gross change in other land
cover classes” (FCCC/TP/2009/1).

For the establishment of baseline or reference
emission levels, there is a need for robust and cost-
effective methodologies to estimate and monitor
changes in forest cover and associated carbon
stocks and greenhouse gas emissions. Thus, more
specifically countries will need to know:

e The aerial extent of deforestation and forest
degradation (hectares),

e Fordegradation, the proportion of forest biomass
lost (percentage),

e Where the deforestation or forest degradation
occurred (which forest type),

e The carbon content of each forest type (tons of
carbon per hectare), and

e The process of forest loss that affects the rate
and timing of emissions.

The Zero Deforestation program is a further
development of the High Conservation Value
(HCV) approach, addressing concerns that the HCV
approach may allow for the conversion of forests,
which do not fall under a HCV category, but storing
at the same time high amounts of carbon. The ZD
program and the effective evaluation of companies’
commitments require two different kind of forest
monitoring products. For the development of new
plantations companies that are committing to ZD
have to restrict their expansions to locations of low
carbon stocks and preserve areas of high value.
With the knowledge of the spatial explicit location
of high carbon stocks within the concessions the
evolvement of these forests can be monitored over
time. An efficient monitoring of forest resources is
therefore required to help companies in confirming
their ZD commitments. The two main forest
monitoring products can be summarised as:

e The aerial extent and amount of forest carbon
stocks (tons of carbon per hectare),

e The process of forest loss in areas under
protection (hectares).
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Study Sites

Within EOMonDis project, study sites in four
countries have been established to adequately cover
a wide range of tropical forest compositions. The
study sites are located in Gabon, Cameroon, Malawi
and Peru.

A. Cameroon

Cameroon has a South to North extent from around
latitude 2° to 12° N. The transition from North to
South is represented by various climatic conditions
and land cover types. These can be roughly divided
in three major zones. The northern part is mainly
covered by croplands and open woody vegetation.
The middle part of Cameroon has deciduous
woodlands with some areas of mosaic forest and
savanna. The southern part has large areas of closed
evergreen forests with a transition zone of deciduous
woodlands in the west and Mosaic Forest in the east.

The various forest cover types in the Centre province
qualified this region for method development in
the current project. To demonstrate the feasibility
of developed algorithms on different forest cover
types, two sites were established. The northern
demonstration site has an area of 15,000 km?2 and
is mainly covered by savanna. The second site has
an area extend of around 10,000 km? and covers a
highly fragmented and divers landscape with the city
Yaoundé in the centre of the Area of Interest (AQI).

B. Gabon

Gabon is located on the western side of Central
Africa and is intersected by the equatorial line. The
vegetation is affected by a typical equatorial climate,
characterised by high annual precipitation of more
than 2000mm and average daily temperatures of
about 24°C - 27°C with very low annual variations.
The selected test site (~38,000 km?) is located at
the western side of Gabon. As most of Gabon,
the selected site is covered by evergreen dense
equatorial forest as well as some part of savanna. The
site also includes some of the recent agro-industrial
development that have recently been taking place in
Gabon leading to substantial deforestation.

C. Malawi

Situated between latitude 9° to 17° S and longitude
30° to 36° E, Malawi has a total area of ~ 120.000
km2. Several highlands between 1300 masl and
3000 masl are located in the northern, middle and

southern part of the country. The mean annual
temperaturesin these areas are about 13°C, whereas
in the lower regions annual temperatures are up
to 25° C. The highlands have at the same time high
annual precipitation of more than 160oomm and in
the cold dry season precipitation is provided by mist,
resulting in a consistent cloud cover in the northern
mountain areas near the lake.

The main part of the country consists of flat plateaux
with elevations around 750 -1300 masl. Towards the
southern part, the elevation declines at around 180
masl. The main forest type is Miombo (Brachystegia
woodlands) generally found between 600 - 1500
masl| with an annual rainfall of 510 mm to 1530
mm. “In Malawi, Miombo woodlands constitute
92.4% of the country’s total forested area, and
are mainly located in forest and game reserves
established for water catchment as well as for soil
and biodiversity conservation” [4]. Miombo forest
represent an important forest composition with a
wide distribution in several African countries with a
characteristic leafless period during the dry season.
In the sub-Saharan region, Miombo forests cover
approximately 17.3 million km?2 [5] and have large
distribution areas in Southern America. Up to now
the most Earth Observation (EO) based mapping
approaches do focus on humid tropical forest and
only few research results for tropical dry forest have
been presented.

The Malawian study site of dry tropical forest has an
area of ~32.000 km?2 with highlands in the northern
part, the Kaningina Forest Reserve in the middle,
Kasungu National Park in the south-west and
Nkotakhota Wildlife Reserve in the eastern part.

D.Peru

Situated in the north-western part of South America,
Peru covers an area of ~1.285.000km2. The Andes
significantly affect the climate and ecosystems of
Peru. From the coastline on the West the elevation
rises to the peak of the Andes and declines towards
the Amazon Basin on the Eastern side. Eastern of
the Andes, the main forest types can be summarised
as lowland evergreen broad leaf rain forest, lower
montane forest and upper montane forest. The
western part of Peru has low precipitation, resulting
in Sclerophyllous dry forest and an overall sparse tree
cover.
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The area size of the Peruvian sites is ~35.000km2 and
mainly covers forests in the provinces San Martin
and Ucayali; both provinces are known as areas
where rapid deforestation has occurred. Recent
agro-industrial development in relation to the palm
oiland cocoaindustry led to significant deforestation
events in these sites.

Forest Cover Mapping

EOMonDis developments are based on experience
from previous projects in the domain of tropical
forest ecosystem monitoring and will undergo a
permanent improvement process. Especially the
method for dense time series analysis, which has
been developed within the European Space Agency
(ESA) funded Global Monitoring for Environment
and Security Service Element for Forest Monitoring
(GSE FM) project, builds the starting point for the
processing approach. The developed method [6]
focuses on tropical dry forest with leaf-on and leaf-
off periods. Identification of forest is much more
challenging in these ecosystems due to scattered
distribution of trees, which causes mixed spectral
signatures in the high-resolution EO data domain,
hampering precise estimation of canopy cover per
area unit. Another drawback is the coincidence of
the vegetation period with the season of heaviest
cloud cover during the rainy season. Conditions for
optical image acquisition are much better during the
dry season, but the leaf-off state of deciduous trees
hinders an accurate determination of forested areas.

The entire project is realised by a two-phased
approach; the first phase comprises a requirement
assessment and improved algorithm development,
the second phase is dedicated for product
enhancements and inclusion of product feedback
that is gathered at the end of the first phase. With
the knowledge and information gained from
the user requirement assessment, the technical
developments are targeted towards the product
output specifications. These output specifications
define the EO input data that can be used to meet
pre-defined product requirements. The processing
chain therefore has to be adaptable to input data
of different type and capable of processing data
composites of varying spectral characteristics
within the dense time series (e.g. phenology, leaf-
on/leaf-off). At the current stage of the project,
the automated processing chain is proven for the
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handling of optical EO data, mainly Sentinel-2
and Landsat data. Having said this the subsequent
description applies to forest cover and change
mapping based on optical data. The monitoring
system is built to start with the baseline year 2010
and provides a continuous monitoring of forest cover
and forest cover changes (including IPCC relevant
Land Use and Land Use Change classes) from 2015
onwards using multi-sensoral and -temporal satellite
data, which are validated with VHR optical data.

E. EO Data Processing

Before entering into the detailed time series
analysis, common pre-processing procedures are
applied to all input data, namely a) Cloud detection
and masking b) Radiometric calibration in-between
scenes ¢) Calculation of Top of Atmosphere (ToA)
reflectance d) Geometric validation and e) Tasselled
Cap Transformation [7]. Initially, the data will be
segmented into image objects with similar spectral
properties to reduce data volume and counteract
alignment problems in this multi-temporal, multi-
source data scenario. In order to derive objects that
reflect all different states of the land cover over
the entire timeframe under consideration, each
individual scene will be investigated separately in a
sequential (sub-) segmentation procedure, starting
from a master image. The resulting segments
then function as a basis for the subsequent image
analysis.

Classification of segmented satellite images is
performed using a supervised approach with
K-Nearest Neighbour algorithm, independently for
eachimageofthetimeseries.Trainingdataiscollected
by visual interpretation of very high-resolution
(VHR) imagery and high-resolution (HR) imagery. A
special focus is given to areas with persistent cloud
clover to guarantee a sufficient amount of reference
data for each scene. Suitable reference locations
are these ones, which do not undergo any changes
during the period under consideration. These stable
locations are used to extract spectral information for
each scene individually at object level to train the
classificator, image by image, to perform a sequence
of land cover classifications. The information content
of the chronologically ordered satellite images is
then used to a) improve accuracy of each individual
classification, b) replace NoData values at a specific
point in time by applying logical rule sets and c)
determine the location and date of change events.
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F Dense Time Series Analyses

The methodology is based on rating independent
classification results in their temporal context,
taking account of quality aspects of the specific
EO data source and predicted, standardized land-
cover-specific dynamics. Prior to the time series
analysis, all input scenes are rated according to the
time of acquisition (leaf-on or leaf-off-season) and
atmospheric  conditions  (clouds/shadows/haze).
Both factors do influence the accuracy of the forest
cover classification. Thus, results from a classification
performed on a satellite image acquired during
leaf-on stage and under clear sky are assumed to
be more reliable than results from an image taken
under interfered conditions. Contrary to the a priori
reliability, the continuity of classification results of
a specific object is used to calculate context driven
reliability. A moving window, that respects five
successive classification results, is used to compare
each class assignment with the four adjacent ones in
the timeline. The level of agreement is calculated for
each segment. The value, denoted as class reliability,
considers the consistency of classification results
along the time axes. Additionally, a plausibility
rating is introduced to consider natural behaviour of
forest ecosystems such as time needed until canopy
cover is again detectable in satellite imagery and the
phenology of trees.

Based on these indicators, the algorithm iteratively
optimises the individual classification results by
maximising the plausibility of the entire code
sequence. The procedure results in logically
consistent code sequences that correspond to an
expected behaviour of — or transition between - the
land cover under consideration.

G. Product Verification Approach

Mapping results have to be validated with statistical
sound methods in order to fulfil the stakeholder
requirements and enable an unbiased judgement
of product quality. There is no doubt, that accuracy
assessments shall be always performed with an
independent data set. Generation of the reference
data to evaluate the quality of single map products
can be produced either by field data collection or
by visual interpretation of very high-resolution
imagery. Satellite and airborne imagery have
the great advantage of covering large areas in a
continuous manner. Field based observation are
most often sample based with a limited extend of

coverage. Especially for remote areas, field based
reference data collection is not feasible regarding
time, cost and efficiency. Recommended land use
classes of the IPCC can be reliably interpreted
on VHR data. Within EOMonDis, the concept of
stratified random sampling with primary sampling
units (PSU) and secondary sampling units (SSU) is
adopted. Combining a random sampling approach
with a systematic grid ensures that the whole area
is sampled [8]. The method can be used to generate
reference samples for classification and reference
samples for accuracy assessments. For this purpose,
VHR data should be divided in a northern and
southern part to guarantee independent data sets
for classification and validation.

20 hm

Sampling Umnit
Primary  Secondary

=
=5 k=

5 km={

Figure 1: Example of the sampling design for the
selection of primary sampling units (PSU) and
secondary sampling units (SSU). A stratification
across the PSU can be performed to cover different
intensities of deforestation. For each stratum, one
PSU per grid cell would be used.

Figure 1 shows the conceptional design of this
sampling procedure for a grid with 20km, an area
of 25 km? for the PSU and random points within a
selected PSU, whereas the points are the SSUs. The
design is flexible and adaptable to local conditions.
In order to accurately estimate the accuracy of
mapping results, a stratification of PSU locations
is performed according to their risk of change. The
stratification is performed by incorporating global
forest change (GFC) data, which contains the yearly
change of forests at a spatial resolution of 30m
[9]. It is most likely, that new changes will occur in
the proximity of former deforestation events. The
overall area of changes is calculated for each grid
cell and for each PSU. Afterwards the PSUs of each
grid cell are equally divided into PSU of high risk of
change and PSU of low risk of change
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H. Precusor Study Malawi

Within the Malawian test site, a precursor study
on the rule based classification methodology was
conducted by incorporating Landsat and SPOT EO
data in a dense time series analysis with the former
described methods. Details of the approach for land
cover and land cover change mapping are described
in [6]. The main results are presented within this
section to illustrate the applicability of the method,
which was tested for tropical dry forest. A 10%
threshold for canopy cover, a minimum mapping
unit of 0.5 hectare and maturity height of 5 m was
chosen as forest definition, which is in line with the
Food and Agriculture Organisation (FAO) definition
of dry forest.

EO data for classification was comprised of 376
Landsat and 28 SPOTs5 scenes, covering a time
period from the year 2000 until 2014. All EO data
was individually pre-processed and classified.
Forest losses were classified into one of the
Intergovernmental Panel on Climate Change (IPCC)
compliant land cover classes: Cropland, Grassland,
Settlement, Wetland, Water and Other Land Use.
The accuracy assessment was performed with 542
sample points, which were generated by a posteriori
stratification and selection of 12 PSUs. Thus, the
sample selection is unbiased and independent from
reference data that was used for classification.

Figure 2 shows a subset of the result from change
date mapping. The classified dense time series that
covers the period in between the reference dates
for the change map enable the determination of
narrow time windows for each specific change
event, an important requirement to specify yearly
deforestation rates. Beyond that, the existence of a
continuous, consistent classified time series allows
for filling most data gaps — e.g. related to clouds — in
case of stable land cover around a map’s reference
dates, testified by classification results of adjacent
scenes in the timeline. With an overall accuracy of
89.11% for the year 2000 and 86.16% for the year
2014, the entire processing chain is suitable to meet
required standards. The low accuracy of change
detection (62.28%) can be explained by the use of
IPCC categories, a binary evaluation of changes
would result in higher accuracies.

I. Conclusion

The EOMonDis project is addressing the need for
usertailored, precise and validated forest monitoring
products. The basis for method development are
the stakeholder requirements from the climate
policy, private sector companies in the domain of
deforestation free supply chains and governmental
institutions at country level that need reliable
information on their forest resources and changes
thereof. The integration of Sentinel-2 and Sentinel-1

Figure 2 Subset of the Malawian test site.
Upper row: Reference data for change de-
tection (Landsats, RGB = NIR, SWIR, RED).
Historic Image with cloud/shadow data gaps
(left) and reference date 2015 (right) Lower
left: Completed forest change map between

20020929

I 20000721 N 20010809 N 20011113

20090503 W 20130514 WM 20131106
I 20000507 WM 20010825 MM 20011129 20021015 W9 20090519 B 20130530 MM 20140415
I 20001001 WM 20010910 MW 20011215 20021202 W9 20090604 N 20130717 W 20140501
I 20001009 W 20010926 20020422 20030511 W9 20091127 WM 20130818 MM 20140517
N 20001017 WM 20011028 20020508 20031111 MW 20100420 W 20130919
I 20010505 W 20011113 20020828 20090417 BN 20130428 BN 20131021

the reference dates (upper row), red colour
indicates deforestation. Lower right: Defores-
tation dates derived from EO time series 2000
- 2014 (legend below).
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data into dense time series builds the solid basis
of the monitoring concept. The variety of forest
ecosystems, the knowledge based classification
procedure with adaptable rule sets and the validation
approach will demonstrate the capabilities of EO
data for tropical forest monitoring, accompanied by
documented quality assurance.
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Forest monitoring is a major concern today due
to climate changes, conservation of fauna and
flora and to the lack of water. Therefore, several
environmental monitoring techniques have been
developed and used to detect changes in the scenes.
However, the main techniques have limitations
related to weather conditions and does not have the
expected effect. The use of SAR (Synthetic Aperture
Radar) seems appropriate to detect changes due
to its independence of atmospheric and lighting
conditions. The SAR change detection is a process
thatuses SARimagesacquired inthe same geometric
conditions but in different moment (multitemporal)
to identify changes in the surface that occurred
between two acquisitions. This work presents a new
method of change detection in multitemporal SAR
orthoimages using the difference between them.
Experimental tests were conducted using real SAR
data obtained by the airborne sensor OrbiSAR-2
from Bradar in the Amazon Forest and the results
showed a higher accuracy than those found in the
literature.

One of the most important topics today is the
climate change, and one of its main possible cause
is the deforestation of rainforests around the world.
Just talking about the Amazon Forest, the last years
deforestation average has been 5,000 km?/year.
This scenario makes more and more organizations
and institutions search surveillance methods for
the reduction and prevention of deforestation. The
most important Brazilian programs for this purpose
are PRODES (Amazon Deforestation Monitoring
Program) — the world’s biggest forest monitoring
program — and DETER (Real Time Deforestation
Detection), both from INPE — National Institute
for Space Research, doing the monitoring
through satellite imagery. These programs have
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demonstrated their relevance, however they have
two limitations due to their sensors: the resolution
(15m) and the inability to map regions covered by
clouds. At the beginning of these programs, there
was a reduction of the Amazon deforestation rate,
however after their limitations become known
by the deforesters this rate has grown by using
invisible techniques to that sensors: selective
logging (isolated and scattered lumbering in order
to hinder the identification); and the deforestation
in rainy periods, when optical imaging sensors
have restrictions due to clouds. That is why
change detection by radar imaging, mainly SAR
(Synthetic Aperture Radar), seems appropriate to
equatorial and tropical forest monitoring due to its
independence of weather conditions, without losing
the high resolution. The purpose of this study was to
develop an algorithm able to automatically detect
changes in the surface in a time interval using SAR
orthoimages from temporally spaced acquisitions,
however with identical geometry (multitemporal).
The goal was to create an efficient tool able to
automatically identify regions where there was
some kind of change, such as appearance of gaps in
vegetation areas, trails, changes at forests borders,
selective logging, growth of pastures, plantations
and other dynamic land use. The following figures
show examples of SAR orthoimages from the Bradar
OrbiSAR-2 airborne sensor, obtained in the region
of Porto Velho (Brazil) in 2013, provided by the
Santo Antbnio Energia S/A, with change indications
through the RGB composition. Figure 1 shows three
images: (a) and (b) are SAR orthoimages obtained
with 1-month interval between them; and (c) shows
an RGB composition of these SAR orthoimages,
wherein the R-band is composed of the older SAR
orthoimage (a) and the G- and B-bands are equal
and have the latest SAR orthoimage (b), in this way,
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the red regions are areas where there was less return
of the radar signal in the second than in the first
acquisition, in other words, they are areas where
the targets were “disappeared” (cut trees), the cyan
regions are areas where the opposite occurred,
i.e., they are areas in which the return of the radar
signal increased due to the “appearance” of targets
(growth of pasture) and the gray regions are areas
where there has been no significant change.

Figure 2showsthe SARability to detectthe selective
logging: this figure is also an RGB composition
of two SAR orthoimages acquired with 1-month
interval between them, generated with the same
principle of the image (c) of Figure 1, this means
that, the red regions represents the cut trees. In
this image, the cyan regions are trees that were
hidden in the first imaging and were exposed in
the second. Figure 3 (a) shows an RGB composition

Figure 1. SAR orthoimages obtained by OrbiSAR-2 sensor at 2012/09/23 (a) and 2012/10/20 (b); and the

respective RGB composition (c).
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LA S P | s, B0 | T LS LS 1 T

Figure 2. RGB composition of multitemporal SAR orthoimages showing the selective logging in red and the

appearance of targets in cyan.

217



Forest Monitoring Universidad Mayor

(a) (b)
Figure 3. RGB composition of multitemporal SAR orthoimages showing a deforestation in the region
delimited by the yellow contour (a) and corresponding aerial photograph of this deforested area (b).

of two multitemporal acquisitions identifying a  The objective of this work was to create an algorithm
deforesting on the Madeira River banks and (b) is  that, from multitemporal SAR orthoimages, is
an aerial photography of this region obtained after  able to identify changes between them and to
the second of these acquisitions, confirming the produce binary masks that can be used for creating
detection. cartographic vectors.
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Abstract

Aim: To quantify changes in vegetation productivity over the past three decades across five barren
ground caribou (Rangifer tarandus groenlandicus) herd ranges and assess how these changes are
influencing caribou behavior.

Location: Northwest Territories and Nunavut, Canada

Methods: As an indicator of vegetation productivity, the enhanced vegetation index (EVI) was
calculated on newly-developed cloud free, gap free, Landsat surface reflectance image composites
representing 1984 to 2012. Changes in EVI were assessed on a pixel basis using Theil-Sen’s non-
parametric regression and compared across herd ranges and land cover types using generalized
least squares regression. Animal movement velocity and turning angle were calculated from caribou
telemetry data and generalized additive mixed models were used to link these behavior metrics with
changes in vegetation productivity.

Results: Vegetation productivity increased across the five caribou herd ranges examined. The largest
productivity increase occurred over the ranges of the most western herds, generally in tundra and
shrub habitats. Results indicate that caribou tended to move more slowly and turn at larger angles
in tundra habitats with large increases in productivity. Caribou tended to move more slowly through
shrub habitats and more quickly through forest habitats with increased levels of productivity; however,
caribou did not respond to productivity changes in shrub and forest habitats in terms of turning angles.

Main Conclusions: Over the 3 decades of collected data, barren ground caribou habitats have become
more productive, which is consistent with other studies that have documented increases in Arctic
vegetation productivity. In particular, increasing levels of productivity in tundra habitats may lead to
improved foraging opportunities across barren ground caribou calving and summer ranges. However,
shrub habitats which experienced large gains in productivity were associated with decreased foraging
behavior, indicating that shrub proliferation may offset the potential benefits of increasing tundra
productivity.
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Abstract

The wildland-urbaninterface (WUI)is the area where buildings are in contact with the forest. Nowadays
it is one of the biggest problems regarding wildfire suppression. Thus, establishing measures and
proposals to reduce the fire risk in those areas is needed, so it is required to know its location and
extension. The main goals in this study are: (i) to identify and map the intervention areas to establish
preventive measures against wildfires fires in the WUI, (ii) the classification and mapping of the
vegetated areas according to the foreseeable fire behaviour, based on LiDAR data and (iii) to classify
the constructions in the WUI depending on the damage risk in case of a wildfire.

The methodology was structured in 3 parts: (i) processing of the LiDAR data, (ii) classification and
mapping of the vegetated areas according to the foreseeable fire behaviour in case of a wildfire, and
(i) characterization of the WUI for fire risk prevention and management at a local scale, where the
buildings and infrastructures were classified regarding their damage risk.

The use of the normalized digital surface model derived from the LiDAR data and the RGB
orthophotographs in the object based image analysis was suitable to identify fuel models defined
by the canopy cover fraction and the woody vegetation height, as it stated the overall accuracy of
87.92% (kappa: 0.8554), obtained for the classification of the vegetation by height. It was possible to
identify and quantify the extension of the three levels of risk of damage due to a wildfire for the three
preventive intervention areas. It was concluded that LiDAR, orthophotographs and the techniques
used in this study are appropriate for the characterization of the WUI, critical for fire risk prevention
and management at a local scale.

Introduction regarding wildfire suppression. Thus, establishing

measures and proposals to reduce the fire risk in
The wildland-urban interface (WUI) is defined as those areas is needed, so it is required to know its
the area where buildings are in contact with the location and extension. Galicia (NW Spain) was the
forest. Nowadays it is one of the biggest problems  Spanish region most affected by wildfires from 2001-
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2010, with 72,423 fires, 68 of them were classified
as large forest fires (more than 5oo ha). In addition
to the frequent wildfires in this area, the scattered
distribution of the settlements and the large number
of buildings located in the wildland-urban interface,
brings to light the need to identify the buildings
which could be affected if there was a wildfire and
to quantify their risk of damage in regards to their
location.

The main goals in this study are: (i) to identify and
map the intervention areas to establish preventive
measures against wildfires fires in the WUI, (ii) the
classification and mapping of the vegetated areas
according to the foreseeable fire behaviour, based
on LiDAR data and (iii) to classify the constructions
in the WUI depending on the damage risk in case of
a wildfire.

Methodology

The study area covers 16 km? in the surroundings of
Pedrafita do Cebreiro (Lugo, NW Spain). Data from
the Aerial Orthophotograph National Plan (PNOA)
(LIDAR and RGB orthophotographs), cadastral
cartography and ground truth points for the
validation of the filtering process and for the digital
terrain model (DTM) interpolation were used in this
project. The LIiDAR dataset consisted of 0.5 point/
m? data from two different flights: 2009 (Region of
Galicia) and 2010 (Region of Castilla y Ledn), while
the RGB orthophotographs where gathered in 2009.
The methodology was structured in 3 parts (Figure
1): (i) processing of the LiDAR data, (ii) classification
and mapping of the vegetated areas according to
the foreseeable fire behaviour in case of a wildfire,
and (iii) characterization of the WUI for fire risk
prevention and management at a local scale, where
the buildings and infrastructures were classified
regarding their damage risk.

LiDAR data Processing

This first phase includes all the processes required
to obtain a normalized digital surface model
(nDSM). It involved a visual analysis for outlier
removal; a filtering phase to remove all the points
which do not belong to the terrain (using a linear
prediction algorithm (Kraus & Pfeifer, 1998)); and
the interpolation of these filtered data using a 2 m
x 2 m cell size to develop a DTM. The results of the
filtering process where were validated using ground

truth data verified on the images, trying to minimize
the omission and commission errors, and trying to
keep the same filtering parameters for both flights.
The DTM was validated using data measured in
the field by GNSS receivers. The criteria to choose
the most suitable combination of parameters for
the interpolation were: (i) qualitative analysis, (ii)
minimizing the 95% error quantile, (iii) minimizing
the 68.3% error quantile and (iv) minimizig RMSE.
All these steps were carried out by using FUSION
tools (McGaughey, 2015) and R. Finally, a 2 m x 2
m nDSM was derived, and it was validated with a
random sample of vertical profiles.

Classification and mapping of the vegetated
areas according to the foreseeable fire
behaviour in case of a wildfire.

The second phase required the definition of 5 fire
behaviour fuel models, based on the height and the
canopy cover of the woody vegetation (Table 1).
The risk of damage for buildings in case of a forest
fire was defined for each fire behaviour fuel models
(based on the intensity and height of the flames and
the propagation speed).

Table 1. Fire behaviour fuel models, based on the
heightand the canopy cover of the woody vegetation
(shrubs and trees).

Height
Canopy cover <2m 2-8m >8m
<20% Model1  Model1 Model1
20%-60% Model2 Model2 Model3
> 60 % Model 4 Model4 Modelg

The classification was performed by following an
object based image analysis, with two levels of
segmentation and a non-parametric classification
of the vegetation based on its height. The input
data were the RGB images, the green ratio and the
nDMS. The process is showed in detail in Figure
1. To validate the results of this classification, an
accuracy assessment was performed using data
from a random sampling and the global accuracy,
omission error, commission error and kappa were
calculated. Subsequently, the canopy cover fraction
was calculated and the vegetation was classified
according to 5 fire behaviour fuel models, which also
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allowed determining the risk of damage due to a
wildfire.

Characterization of the WUI for fire risk
prevention and management at a local scale.

In this phase, each building and infrastructure was
classified regarding their damage risk, taking into
account Table 2. The risk assigned was the highest
for the vegetation in a radius of 25 m. Moreover,
and taking into account different laws, the risk in
a radius of 1200 m and 400 m were also computed.
Those three areas were designated as preventive
intervention areas. Oncethetheriskinthe preventive
intervention areas was identified and analyzed, then
the extension of each risk level (Low, High and Very
high) was quantified at two different scales: for the
study area and for every building/construction.

Results

The results showed that the most accurate 2 m x
2m DTM was generated using the LiDAR flight data
of Castilla y Ledn, removing the outliers, with the
filtering parameter values of w=2 and g=-1.5 and
the switch ‘minimum’ in the interpolation process.
This DTM reached an accuracy of 1.36 m for the g5%
quantile, a root-mean-square error (RMSE) of 0.699
m and a precision=1.378 m.

The use of the normalized digital surface model
derived from the LIiDAR data and the RGB
orthophotographsinthe object based image analysis
was suitable to identify fuel models defined by the
canopy cover fraction and the woody vegetation
height, as it stated the overall accuracy of 87.92%

Table 2. Area covered by each fuel model.

Area with woody Risk of damage due

= 0,
Fuel Model  Area (ha) vegetation (%) Total area (%) to a wildfire
1 15.38 1.39 0.96 Low
2 77-97 7-03 4.87 High
3 0.97 0.09 0.06 Low
A 822.28 74.09 51.39 Very high
5 193.27 17.41 12.08 Low
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(83.70%-91.18%) (kappa: 0.8554), obtained for the
classification of the vegetation by. The five fuel
models were directly associated to three risk levels
in the wildland-urban interface, which allowed to
identify and locate the areas affected by the different
levels of risk due to fire damage (Table 2). The fuel
model number 4 (scrubland and dense young forest)
was the one that covered the largest area (882.28
ha), which means that the high risk of fire damage in
constructions affects 51.39% of the study area.

It was possible to identify and quantify the extension
of the three levels of risk of damage due to a wildfire
for the three preventive intervention areas. For the
preventive intervention area of 25 m, 3.68 ha were
identified and mapped as high risk areas and 9.10
ha as very high risk areas (1.33% of the study area).
Related with the characterization of the WUI for fire
risk prevention and management at a local scale,
more than 99% of the constructions (262) were at
high risk or very high risk. To decrease this risk in the
preventive intervention area of 25 m, 12.79 ha were

identified and mapped and in that area the canopy
cover fraction is advised to be reduced by using
preventive silviculture, in order to reach a canopy
cover fraction lower than 20%, with the aim of
obtaining vertical and horizontal fuel discontinuity.

Conclusions

It was concluded that LiDAR, orthophotographs and
the techniques used in this study are appropriate for
the characterization of the WUI, critical for fire risk
prevention and management at a local scale.
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Abstract

Earth observation has become the mostimportant instrument for monitoring forest cover dynamics at
high spatial resolution and across large areas. A large variety of change detection approaches has been
developed which have been moved from bi-temporal change detection to annual change detection
and continuous change detection approaches (Zhu et al., 2012, Zhu and Woodcock, 2014, Zhu et al.,
2015) mainly driven by the availability of free and consistent optical Landsat images. Despite the need
of timely alerts about illegal logging activities or assessments of the spatial extent and impacts of
disturbances caused by natural hazards, near-real time monitoring of forest disturbances has been
restricted by the relatively low temporal resolution of the Landsat sensor and the presence of cloud
cover. Fusion concepts combining Landsat and the daily MODIS images overcome the low temporal
resolution but may miss small-scaled disturbances and furthermore, face similar limitations in areas
with persistent cloud cover. Radar images allow forest change mapping in such situations but data
access has been mainly restricted until now.

With the launch of ESAs Sentinel missions, earth observation monitoring capabilities have drastically
increased by a series of satellite constellations offering complementary technologies and a free and
open data access policy. Especially the Sentinel-1C-band radar sensor and the Sentinel-2 multi-spectral
optical sensor with a high spatial and temporal resolution are designed to provide detailed information
on land changes over time. Yet, it remains unclear how the near-real time monitoring of forest
disturbances benefits from the two Sentinel satellites, the synergies between them and the synergies
with the Landsat-8 sensor. Our overall objective was to assess how accurate and timely forest changes
can be detected by using a multi-source concept. Based on previous research activities, we further
developed the continuous change detection approach (Zhu et al., 2012) and present a methodology
that allows detecting forest changes using each Sentinel-1 or Sentinel-2/Landsat-8 image. We fitted
band-wise time-series models to each pixel and data source through time considering data availability
and temporal variability of the forest ecosystem. We then predicted spectral and backscattering
values for each new acquisition date and flagged those pixels which considerable differed from the
actual values using the modeling period as reference. By integrating flagged pixels over time and
across Sentinel-1 and Sentinel-2 sensors, we finally labeled pixels as forest change. We validated our
results by simultaneously interpreting temporal profiles of spectral and backscattering values and
image chips following the concept of TimeSync (Cohen et al., 2010). We present a case study to show
the benefits and limitations of our multi-source approach together with estimates on how reliable the
single flags and their integrations over time are for accurate change alerting and change detection.

224



Universidad Mayor

ForestSAT 2016 Abstracts Summary

References:

Cohen, W. B.,Yang Z., Kennedy, R. (2010): Detecting
trends in forest disturbance and recovery using
yearly Landsat time series: 2. TimeSync — Tools
for calibration and validation. Remote Sensing of
Environment, 114, 2911-2924.

Zhu, Z., Woodcock, C.E. and Olofsson, P. (2012):
Continuous monitoring of forest disturbance
using all available Landsat imagery. Remote

Sensing of Environment, 122, 75-91.

Zhu, Z. and Woodcock, C.E. (2014): Continuous
change detection and classification of land cover
using all available Landsat data. Remote Sensing
of Environment, 144, 152-171.

Zhu, Z., Woodcock, C.E., Holden, C. and Zhigiang,
Y. (2015): Generating synthetic Landsat images
based on all available Landsat data: Predicting
Landsat surface reflectance at any time. Remote
Sensing of Environment, 162, 67-83.

225



Forest Monitoring

Universidad Mayor

Developing a U.S. national land use and land cover reference
data set to support inter-agency mapping, validation and
statistical estimation needs

Todd A. Schroeder’, Tom R. Loveland?, Bruce Pengra?, Warren B. Cohen*, Sean P. Healey?,
Mark Finco®, Steve V. Stehman’, and Zhigiang Yang®

*USDA Forest Service, Southern Research Station, Knoxville, TN USA
2U.S. Geological Survey (USGS), Earth Resources Observation and Science (EROS) Center, Sioux Falls, SD USA
3Stinger Ghaffarian Technologies/USGS Earth Resources Observation and Science (EROS) Center, Sioux Falls, SD USA
“USDA Forest Service, Pacific Northwest Research Station, Corvallis, OR USA
SUSDA Forest Service, Rocky Mountain Research Station, Ogden, UT USA
®RedCastle Resources/USDA Forest Service, Geospatial Technology Applications Center (GTAC), Salt Lake City, UT USA
7College of Environmental Science and Forestry, State University of New York (SUNY-ESF), Syracuse, NY USA
8Department of Forest Ecosystems & Society, Oregon State University, Corvallis, OR USA

Keywords: TimeSync visualization tool, Landsat time series, Reference data, Land use and land cover
change, Forest disturbance, Design-based statistical estimation, Map validation

Given the recent influx of moderate resolution
imagery from satellites such as Landsat and
Sentinel-2, remote sensing has become an
effective and affordable tool for monitoring forest
dynamics and land use and land cover change
over large geographic areas. With data constraints
now minimized, many government agencies are
turning to new remote sensing approaches to
help meet specific mission objectives, such as to
produce and deliver maps which resolve current
and historical characteristics of landscape condition
and change. Although the products developed
by different agencies often vary in scope and
attributes of interest, one commonality is the need
for high quality reference data which can support
image classification, map validation and statistical
estimation activities. With increased focus on using
the full temporal depth of the available satellite
archive, the analyst interpretation approach has
surfaced as one of the best and only means of
collecting reference data which spans the full
range (20-40 years) and interval (annual) of most
time series applications. Visualization tools such as
TimeSync (Cohen et al., 2010) have facilitated the
collection of analyst interpretations of disturbance
and other land use and land cover variables over
space and time, yet the costs associated with
measuring a large number of plots (~25,000) remains
high. In an effort to mitigate costs and reduce
redundancy, the U.S. Geological Survey (USGS) and
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the U.S. Forest Service (USFS) have recently formed
a collaborative partnership to mutually collect a
U.S.-wide, nationally consistent reference data set
which can meet both individual and shared agency
objectives. In this talk we will discuss various facets
of this operational data collection effort, including
development of a TimeSync-based, joint response
design which meets overlapping, but divergent
programmatic needs, as well asimplementation of a
flexible sampling design, which promotes statistical
estimation of land use and land cover variables, while
also allowing for future sample intensification and
addition of new partnering agencies. To shed light
on the consistency of data collected by different
agencies and interpreters, as well as to examine
the utility of the collected variables for assessing
map accuracy, results from two initial pilot studies
conducted in the Pacific Northwest and Great Lakes
regions will be presented. In conclusion, we will
assess the future benefits and challenges associated
with expanding inter-agency collaboration in the era
of rapidly evolving remote sensing technologies.

References
Cohen, W.B., Z.Yang, and R.E. Kennedy. 2010.
Detecting trends in forest disturbance and
recovery using yearly
Landsat time series: 2. TimeSync - Tools for
calibration and validation, Remote Sensing of
Environment 114:2911-2924.



Universidad Mayor

ForestSAT 2016 Abstracts Summary

Development of a UAV based platform for monitoring
simulated disease expression using time-series airborne laser
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Forest products are a vital component of the
global economy and play a vital role in climate
regulation and the provision of ecosystem services.
In New Zealand the plantation forest industry is the
country’s third largest export earner with exports
worth more than $5 billion per annum. Plantation
forestry is dominated by the fast-growing conifer
speciesPinusradiatawhich occupies9o%ofthetotal
plantation area. Such reliance on a single species
means that the industry is particularly vulnerable to
biosecurity incursions and plant pathogens. In New
Zealand Pinus radiata is affected by a number of
pathogens including Dothistroma pini, Cyclaneusma
minus and Phytophtora pluvialis and these result in
a significant loss in forest productivity. In light of
this a range of remote sensing technologies are
required for monitoring the spread of endemic
infections and detecting outbreaks so that
control measures can be implemented. Previous
research has shown that large-scale outbreaks
of certain foliar pathogens can be detected from
high resolution satellite imagery and imagery
from manned aircraft. However, detection in this
manner may be inadequate for early detection of
outbreaks, identification of small outbreaks, and
may be too expensive for assessment on a regular
basis. Unmanned aerial vehicles (UAV) potentially
provide a platform that provides very high
resolution data acquisition with a regular return
frequency in a cost-effective manner. With the
development of appropriate analytics and suitable
data acquisition settings this can potentially play
an important role in supporting the forest industry
and forest research.

Disease outbreaks in a biological system are
challenging to predict and so acquiring a time-
series dataset that encompasses the early stages of
disease expression are difficult to obtain. To address
this a trial was initiated where a disease outbreak
was simulated through tree poisoning. Poisoning
was intended to invoke changes in needle colour
and retention that might be consistent with disease
expression. Within a g ha trial plots were assigned
to 5 different treatments, including a control, and
for each treatment there were 5 replicates. The
treatment defined the number of trees poisoned
within each plot and all trees were poisoned in the
same manner. The trial was regularly assessed from
the ground using conventional tree health scoring
by an experienced technician and from a UAV
using high density airborne laser scanning (ALS)
and 5 narrow band multi-spectral imagery with a 6
c¢m ground surface distance (GSD). Multi-spectral
images were converted from digital numbers to
reflectance values using a reflectance panel with
known spectral properties and time-series images
were converted to like-values through identification
of spectrally invariant targets in consecutive
images and adjustment using a technique based on
robust regression. A series of spectral and textural
indices were calculated from the imagery and were
available as indicators of progressive discoloration.
High density ALS data were processed to provide a
point cloud representing the forest canopy and then
described using a number of metrics including height
percentiles, distribution of height percentiles, ratio
metrics and penetration metrics. Metrics describing
the point cloud were designed to detect changes in
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defoliation. Rasters detailing the remotely sensed
data for the trial were resampled to a range of
resolutions to provide insight into the utility of lower
resolution data to detect the simulated disease
expression.

Using data from the highest resolution datasets
a random forest model was fitted with the ground
assessment as the response variable and all
candidate explanatory variables derived from the
UAV data. This was used to identify predictors that
were most important for describing discolouration
and defoliation. Using the rasters of the important
predictorsarulesetwasdevelopedusingobjectbased
image analysis (OBIA) software to segment healthy
and poisoned trees in each image. This allowed the
time elapsed since poisoning for detection to be
quantified using UAV data and data from traditional
ground assessment. A comparison of detection
rates across the different sized clusters allowed the
detection thresholds to be identified. A comparison
of rasters at various resolutions provided insight into
the relationship between image resolution and the
size of the outbreak that could be detected using the
UAV data.
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Abstract

Dominant tree species may change gradually, as result of natural succession or encouraged by
fluctuations of average temperatures and precipitation. Species dominance may also change under
anthropogenic influence with forest management or use. Landsat data from the TM, ETM+, and OLI
sensors, spanning the period from 1984 to 2015 were used in this work to characterize the dominant
tree species dynamics in a 300000 ha mountain area englobing Ordesa National Park (NP) in Northern
Spain. Land cover types and land cover changes were retrospectively analysed with an almost annual
series built with images from the United States Geological Survey (USGS) and the European Space
Agency (ESA) archives. A twelve-class land cover classification scheme was specifically designed to
identify dominant tree species, accounting the species successional stages and phenological cycles in
this region. A Support Vector Machine (SVM) classification rule was trained with reference data from
field plots measured in 2013 with ForeStereo and contemporaneous aerial photography, and applied
to 28 summery images radiometrically normalized with the Iteratively Re-weighted Multivariate
Alteration Detection (IR MAD). The input variables to the classifier included reflectance, Tasseled Cap
Transformation (TCT) derived indices, texture features, and features derived from a Digital Elevation
Model (DEM). For stabilization of the temporal land cover product (28 land cover maps in a 32 year
period) a filter of ecologically feasible annual land cover transitions was applied. The final classification
was validated over a reference image (2013) with overall accuracy 75%. Temporal trajectories of
the Tasseled Cap Angle (TCA), an index positively related with density variables, and its temporal
derivative, the Process Indicator (Pl) were analysed to characterize the change and rates of change
in forest density. Inference of the tree species changing dominance in mixed forests was based on
trends of change in the temporal trajectories of the classification probabilities deployed by the SVM
classifier at each annual land cover map. Our results indicate that some areas at high altitudes are
progressively being colonized by natural forests of pine. A generalized densification tendency has
been observed, particularly since the 1990s, in forest stands without human intervention and those
where grazing practices have been reduced or abandoned. Actual conditions seem to favour a growing
dominance of Fagus sylvatica L. and Abies alba Mill. in mixed forests. The dynamics of tree species in
the NP and adjacent areas indicate a similar pattern of change, suggesting changes are both resulting
from successional processes and changes in human influence. Frequent land cover products derived
from a series of Landsat data and supported by ecological knowledge provide valuable insights of
diversity and species dynamics.
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Abstract:

The Earth Observing One (EO-1) satellite has been in orbit for 15 years. The mission was started to
test new technologies that could perhaps be incorporated in future earth observation satellites like
Landsat. In this study, we test one of those technologies for its usefulness in detecting Tamarack
(Larix laricina) tree mortality due to attack of Eastern Larch Beetle (Dendroctonus simplex) around
Park Falls, Wisconsin. The sensitivity of the extra shortwave infrared (SWIR) band (1.2 — 1.3 pm)
onboard the Advanced Land Imager (ALI) was studied in comparison to the traditional SWIR bands
that are collected from the Landsat satellites. Time series ALl and Landsat imagery calibrated to
surface reflectance was used in the study. The locations of the damage was provided by the USFS
Forest Health Technology Enterprise Team and was validated with high resolution WorldView 2 data
showing the individually attacked trees. Differences in the spectral sensitivity to tree mortality were
found in the various SWIR bands and that knowledge could be useful when detecting insect damage.
Our results show that the shorter wavelength SWIR band and the longer wavelength band are more
sensitive to the damage than the one that is traditionally used in satellite remote sensing.

**%% | would prefer a poster presentation
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Resumen

La presencia de malezas en las plantaciones forestales si bien tiene algunos efectos favorables como la
proteccion del suelo, estas afectan negativamente la sobrevivenciay el crecimiento de las plantaciones.
La cobertura de malezas es monitoreada a través de las visitas que realizan los jefes de areas a cada
uno de los predios, sin embargo dado los grandes volUmenes de superficie que manejan anualmente,
estos monitoreos pueden ser tardios para un control oportuno de la vegetacion competidora. Es por
esto que se propone el desarrollo de un sistema como herramienta de apoyo para uso operacional, que
permita la estimacion y monitoreo de forma oportuna y masiva de la cobertura de malezas a través de
imagenes satelitales.

Este estudio tiene como objetivos 1) Desarrollar metodologia para estimar la cobertura de malezas a
través de imagenes satelitales y 2) Desarrollar una herramienta de uso operacional como apoyo a la
planificacion del control de malezas. Para esto se utilizaron imagenes del satélite Landsat 8 (NASA
- USGS). Posteriormente se procedio a la evaluacion de los predios donde se realizé un muestreo
compuesto generandose cuadrantes para la estimacion de cobertura de malezas en terreno. Se
observd que existe una correlacion significativa entre la cobertura de malezas observada en terreno
y el indice espectral de vegetacion NDVI de 0.71, generandose un modelo que permita la estimacion
de la cobertura de malezas a nivel patrimonial y con el fin de poder implementar un sistema de apoyo
para uso operacional.
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Abstract

In the Green-house Effect Inventories reports, surfaces estimation and annual changes in land uses
could be more accurately calculated by means of the application of remote sensing than with the
commonly used methods used by the Regional Government in Aragon (Spain) based on available static
maps, including national land cover or forest maps. The objective of the study is the evaluation of the
potential application of remote sensing techniques of land cover/land use yearly monitoring. LULUCF
categories maps and change detection (i.e., between two years, 2002 and 2009) were obtained from
a maximum likelihood supervised classification of Landsat multitemporal scenes (phenologically
representative dates throughout the year). Confusion matrices provided global accuracy values of

respectively 89.24% and 83.69% in 2002 and 2009.

Introduction

The Kyoto Protocol (IPCC 2000) establishes the
requirement of annual inventories submission of
all anthropogenic greenhouse gas emissions from
sources and removals from sinks. Surfaces and
annual changesinland uses could be more accurately
estimated than with commonly used methods in the
Green-house Effect Inventories reports, based on
static maps (i.e., CORINE Land Cover, Information
system of land cover in Spain SIOSE and National
Forest Map NFM). In this context, Volden et al. (2003)
and Romero et al. (2004) mention five European
countries —Finland, Italy, Netherlands, Norway,
Switzerland- that examined the potential of remote
sensing for the evaluating land use and land-use
change for the Kyoto Protocol reporting. User-
requirements are defined for determining land use,
assessing forest areas and estimating aboveground
biomass at a minimum spatial resolution for
mapping 0.5 ha (Kyoto Protocol requirements).
Transparency, reliability and periodicity of data
are highlighted features linked to remote sensing
methods. Also, a high degree of automation without
terrestrial control is desirable Romero et al. (2004).
The Landsat series was identified in several test
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areas as one the most useful generally speaking
considering worldwide availability of products,
homogenization procedures across inventories
and compromise between the medium spatial
resolution it provides and the Kyoto requirements. It
is advisable to complement the imagery with aerial
ortophotographies, climatic and topographic maps.
Among the identified weaknesses, the first trials
showed overestimation in forestlands surfaces as
well as expected issues in small and sparse forest
patches. From the LULUCF categories surfaces, a
further step in the carbon stocks assessment is the
aboveground biomass quantification. Certainly
although not a specific requirement in the Kyoto
Protocol, it is a key element for the inventories
(e.g., land use change in forestalands suchlike
afforestation and deforestation), and can be
approached by means of remote sensing techniques
as well. Therefore, the objective of the present
study is the evaluation of the potential application
of remote sensing techniques in the methodology
definition at regional scale of land cover/land use
yearly monitoring for the region of Aragdn, in Spain.
A first exploration of model fitting techniques is
undergoing starting from this study.
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Methodology

Aragon is one of the 17 autonomous regions of Spain
and covers an area of approximately 47719 km?. It is
located at NE of Iberian peninsula between 39°N and
43°N. The orography of the region is characterized
by the Ebro Valley depression (altitude ranging from
150 to 300 m above sea level) and two mountain
ranges surrounding the valley: the Pyrenees at north
with peaks over 3000 m and the Iberian System
range with maximum heights over 2000 m. Aragon’s
climate can be defined as continental moderate.
Temperatures are determined mainly by altitude,
ranging from cold or very cold in winter and cool in
summer in the mountains to the north (Pyrenees)
and to the south and west (Iberian range), to mild
in winter and hot in summer in the central lowlands.
Rainfall is also very variable, with very low mean
values in the central areas and increasingly higher
values in mountain areas, especially in the high
Pyrenees. In the middle of Aragon, which is only
200 metres above sea level, the annual average
temperature is around 14 °C To the north and south
of the Ebro valley, where the elevation rises to 5oo
m above sea level, the temperature drops by two
degrees. In the mountains, between 600 m and
1000 m observed temperatures are between 11 and
12 °C. The vegetation follows the oscillations of the
extreme topography and climate. There is a great
variety, both in wild vegetation and crops. In the
highlands forests (pines, firs, beeches, oaks) can be
found, as well as bushes and meadows, while in the
lower altitude areas of the Ebro valley green oak and
sabina are the most abundant trees, apart from the
agricultural lands.

Groundtruth data was derived from
photointerpretation and available products like
SIOSE 2005, CORINE 1990, 2000, 2006 and Global
Land Cover 2000, and National Forest Map (i.e.,
Coordination of information on the environment
CORINE Land Cover, Information system of land
cover in Spain SIOSE and National Forest Map
NFM). A compromise between capturing the
variability inherent to the thematic category and
its characteristic features is needed. The selection
criterion has been to prioritize the extraction of pure
areas, avoiding usage mixtures and ecotones that
could introduce noise to the classification stage.
Unchanged areas between the whole time series
have been chosen and erosion has been applied

therefore minimizing border areas, displacement
and topology errors. The sample was split on a
50% basis to obtain the training areas as input
for the supervised classification and test areas for
the evaluation and validation processes. Avoiding
cloud scenes when possible, scenes were selected
in phenologically representative dates throughout
the year. Between three and six dates per year for
each scene are needed. Ideally, considering the
regional environmental variables: one scene in
between March-April, two between May-June, one
between August-September, one between October-
December and one between January-February. All
the databases have been projected to ETRS 1989
UTM Zone 30N (EPSG 3042) and subset to the area of
study. Cloud, shadowsand snow have been maskedin
order to minimize spectral distortions in radiometric
corrections (Chavez 1996 method employed, using
a 20 m pixel digital elevation model DEM together
with the required inputs of Julian day, solar elevation
angle, and azimut angle, irradiances, transmissivity,
slope-gain and offset-bias). Spectral vegetation
indices were derived: Normalized Difference
Vegetation Index NDVI, Ratio Vegetation Index RV,
Soil Adjusted Vegetation Index SAVI, and Tasseled
Cap. Additionally, from the DEM, slope and aspect
layers were generated to be used in the classification
process. Finally, to account for the units and ranges
diversity of all the scenes, indices and topographic
layers, previous to the classification, standardization
is required (Spiegel 1991), calculating the mean and
standard deviation for each variable.

The legend of six categories follows the classes
defined by the United Nations Framework
ConventiononClimaticChange UNFCCCforLULUCF.
After the standardization process abovementioned,
6 spectral bands (optical bands 1,2,3,4,5 and 7 of
Landsat 5TM and Landsat 7 ETM+) from 3-6 dates
per year, vegetation indices, tasselled cap, slopes,
elevations and aspect were stacked to be used in the
classification. A supervised classification method
(maximum likelihood) generates the corresponding
land use thematic cartography for 2002 and 2009.
Accordingly, LULUCF categories maps and also the
change detection (i.e., between two years, 2002
and 2009) were obtained from classification of
Landsat multitemporal scenes. Confusion matrices
and signature separability were the evaluation
techniques used. A workflow diagram is shown in
Figure 1.
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Results

The changes between categories between 2002 and
2009 are shown in Figure 2 and Table 1.

At detailed zooms, and legend containing each of
the transitions, many other features relevant for
the regional management and LULUCF monitoring
become intelligible.

Remoe Serong

I
Landsat scenes

w | () () ()

Figure 2. Map of Aragon transitions in LULUCF
classes between 2002-2009.

Confusion matrices provided global accuracy values
of 89.24% in 2002 and 83.69% in 2009. User and
producer accuracies are depicted in Table 2.

Most vegetation covers surfaces remain unchanged,
as expected in vegetation dynamics in such period.

Ground truth

CORINE, MFM, SIOSE,
Visual selection

Erpeal LE e

Chowds, vhadow, snow maiks T
Radiametric corrections T
Specrral indices
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Standardization
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Figure 1. Workflow

Table 1. LULUCF Land use surfaces discriminated by remote sensing and their changes between the

considered period (2002-2009)

LULUCF Categories surfaces (kmz2) and changes km? To cropland 1249,37
Forest 12000 To grassland 1313,05
Grassland 878,939 To water 16,81
Cropland 5859,25 To urban 2946,66
Soil 11400 To forest 1896,86
Urban 475,379 To soil 6454,08
Water 309,146 Total changes 13876,83
Total unchanged 30900,00

Table 2. Kappa indices, producer accuracies and user accuracies for the LULUCF UNFCCC categories in 2002

and 2009 in Aragon (Spain).
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-62.9% 167.8% 95.4% / 87.8% 0.95/0.86

[CropIaRaNN 03.7% / 79.4% 91.1% / 86.3% 0.89/0.83
[SEI 98.6% / 80.5% 65.6% / 54.6% 0.61/0.48
[OrBaN 76.0% / 75.6% 95.4% / 89.9% 0.95/0.72
aTE 97.3% / 89.0% 100.0% / 95.4% 1.00/0.94
PECTESIN 96.9% / 86.7% 94.7% / 98.0% 0.93/0.97
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Likewise, the urban growth is clearly evidenced
locally. Tuning of methods is subject to availability
of updated coherent ground truth and field data
in accordance to requirements of classification
method and the subsequent definition of categories.
After the achievements verified in these first
trials, it is strongly recommended that future aims
address the automation of processes for a seamless
implementation at regional and homogenously at
national scales, in order to compile accurate land
cover temporal series for annual periods from the
reference year 1990 onwards (i.e., IPCC compliant
methods state reference year 1990). Such maps
can be complemented with more detailed legends,
for instance embedding Forest Maps, in order to
enable biomass stocks estimation by means of
geospatial modelling: e.g., relating stands data to
spectral variables or derived indices, resulting from
the combination of field data with remote sensing
variables. This line of work was initiated by fitting
aboveground biomass models from field data (CITA,
2008) and employing the LULUCF spectral variables
and derived products as predictors.

Conclusions

This exploration was intended to tailor research to
territorial management and provide the regional
government with fit-for-purpose resources in the
implementation of policies suchlike the Protocol of
Kyoto:in particularforthe LULUFCsectoraccounting
methods in the Green-house effect gases inventory.
In the climatic change study, the continuity of
forerunner remote sensing missions, ever increasing
availability of products, with enhanced capabilities
(spatialand spectralresolutions, temporal coverage),
and development of sensors fusion techniques, are
relevant in the LULUCF sector accounting methods,
allowing for improved accuracy performance,
biomass modelling and back-monitoring as tested in
this pilot case.
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Fire behavior simulation from global fuel and climatic
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This study presents a global fire behavior simulation
based on a global fuelbed dataset and climatic
and topographic information. The simulation was
executed using the Fuel Characteristic Classification
System (FCCS). The climatic information, extracted
from the ERA-Interim Global Reanalysis covered the
period 1980-2010, and daily weather parameters
were used to calculate the mean monthly fuel
moisture content (FMC) and wind speed for the
early afternoon period. Also, as the most severe
fires occurs with extreme environmental conditions,
a worst condition scenario was created using the
mean value of the 30 days with lowest FMC during
each month of the study period.

The FMC, wind speed and slope information was
grouped into classes, and FCCS was used to simulate
the reaction intensity, rate of spread and flame
length of the fuelbeds in the different environmental
conditions. These results were then mapped,
showing the variation in surface fire behavior during
the different months of the year throughout the
world, both due to the climatic conditions and the
characteristics of the fuels. The surface fire behavior
parameters identified the fuels and environmental
conditions that could cause more severe fire events,
and could be used as a mean to assess fire danger.
Keywords: global fuel map, FCCS, fuel moisture
content, fire behavior

Introduction:

Wildfires occur due to a combination of available
fuels, sources of ignition, and environmental
conditions (mostly weather), that allow the fire to
be sustained and spread. Most regional fire behavior
modeling systems consider weather variables to
estimate critical parameters such as rate of spread,
flame length or the energy released (Rothermel
1983), but only a few consider explicitly the
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differences in fire behavior due to fuel properties.

The objective of this study was to combine fuel
and weather information to obtain fire behavior
parameters at a global scale, using a global fuel map
previously developed (Pettinari and Chuvieco 2016)

Methodology:

To calculate fire behavior, we used the Fuel
Characteristics Classification System (Ottmar et
al. 2007). The FCCS was designed to represent the
structural and geographic diversity in wildland fuels
and combines the fuel properties into “fuelbeds”,
which include the physical and chemical variables
used to model fire behavior and fuel consumption
and predict emissions (Riccardi et al. 2007). Based
on input environmental variables, the FCCS also
predicts surface fire behavior parameters using a
reformulation of the Rothermel (1972) fire behavior
model (Sandberg et al. 2007).

The fuel distribution and their physical and chemical
variablesrelated to fire behavior were extracted from
the Global Fuel Dataset developed by Pettinari and
Chuvieco (2016). This dataset was developed from
different spatial variables, both based on satellite
Earth observation products and fuel databases, and
is comprised by two products: a global fuelbed map
(at a resolution of approximately 30om), developed
using land cover and biomes information, and a
database that includes the parameters of each
fuelbed that are related to fire behavior and effects.
To calculate the fire behavior parameters, FCCS
requires information on fuel moisture content
(FMC), wind speed and slope. Percentage slope was
calculated using the Global 30 Arc-Second Elevation
(GTOPO30) product and the different percentages
were grouped in three slope classes: 0-5%, 5-45%
and >45% slope.
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The FMC and wind speed was calculated using the
climatic data of the ERA-Interim Global Reanalysis
(Dee et al. 2011) of the European Centre for Medium-
Range Weather Forecast. The weather information
covered a 3o-year period, with daily data between
1981 and 2010, with a spatial resolution of o.5
degrees.

To obtain the FMC, the 10-h fuel moisture content
was calculated using the equations of the National
Fire Danger Rating System (NFDRS, Cohen and
Deeming 1985), and using the following weather
variables from the ERA-Interim database: 2 meter
temperature, 2 meter dew point, total precipitation,
total cloud cover and snow depth. The 10-h FMC
obtained was converted to Fuel Moisture Scenarios
(FMS, Scott and Burgan 2005) to be input in FCCS.
The daily values of FMS obtained from the 1980-
2010 climatic data were aggregated in a monthly
basis, to obtain the mean FMS for each month in
each 0.5° cell, as a proxy to the mean conditions that
could be found in that region during that month of
the year. However, since severe weather conditions
(low FMC and high wind speed) usually cause the
most important fire events and largest fires, a “worst
conditions scenario” was created, calculating the
mean FMS of the 30 days with lowest FMC for the
entire period and for each month.

Wind speed was calculated from the 10m U and V
wind components of ERA-Interim, and converted
to midflame wind speed using a wind adjustment
factor of 0.348. The daily values of wind speed were
aggregated by month to obtain the mean midflame
wind speed for each month in each 0.5° cell, and the
resulting wind speeds were grouped in three classes:
0-1m.s-1, 1-2.5 m.s-1and 2.5-5 m.s-1. To account for
the worst conditions scenario, the midflame wind
speed corresponding to the 30 worst-FMC-days
was obtained for each month, and the values were
averaged and then converted to wind class for those
conditions.

The possible FMSs, wind classes and slope classes
created 36 combinations of possible environmental
scenarios. Each fuelbed from the Global Fuelbed
Dataset was run in FCCS version 3.03.203 module
inside the Fuel and Fire Tools (http://www.fs.fed.
us/pnw/fera/fft/index.shtml, accessed November
2016) in all the scenarios, to obtain all possible rate
of spread (ROS), flame length (FL) and reaction

intensity (RI) values for each fuelbed. To create
the fire behavior maps, each fuelbed pixel in the
fuelbed map was assigned the fire behavior results
corresponding to the environmental scenario of
their location and month that was being evaluated,
both for the mean and worst conditions.

Results:

Figure1shows, asan example of the results obtained:
the meanreactionintensity forthe months of January
(@) and July (b). The highest values of RI obtained
for January were 4664 kJ.m-2.s-1, both in mean
and worst conditions and located in the cropland-
shrubland belt of Northern Africa. But during worst
conditions the geographical distribution of Rl values
higher than 2000 kJ.m-2.s-1 extended also to the
Brazilian Cerrado and South-American shrublands
in Argentina, Bolivia and Uruguay, along with the
savannas in Southern Africa. Regarding July, the
highest RI values obtained were 3835 kJ.m-2.s-1
for the mean conditions, located in Zambia, and
4435 kJ.m-2.s-1 for the worst conditions, located
in Argentina. The geographical distribution of the
cells with Rl > 2000 kJ.m-2.s-1 during July’s mean
conditions include the Southern-African Savannas
and the Brazilian Cerrado, but extend to Northern
Africa and South-American shrublands when the
worst conditions are considered.

AswiththeRI,theROSandFLalsoshowed changesin
value according to seasonal weather conditions and
fuelbeds. The highest values of ROS were obtained
for grassland fuelbeds located mostly in the African
continent, and also in the North-American Deserts,
along with rice croplands in southern Kazakhstan,
reaching to values up to 1.013 m.s-1 for the July’s
worst conditions. Regarding the FL, the highest
values obtained (>6 m) were all located in Africa.

It should be noted that the coarse resolution of
the weather information allowed obtaining only a
generalized and estimated result of the fire behavior
outputs. Wind speed, for example, is highly variable
in time and space and affected by sheltering and
terrain, which could not be considered at the
resolution of the data (0.5°) or even the fuelbed map
(approx. 3oom). As such, the values used for the
analysis are not expected to be realistic in local fire
events, but to introduce a coarse variable showing
areas and months in which fire could have a more
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Figure 1: Mean Reaction intensity (RI) for January (a) and July (b) for the study period.

severe behavior due to general wind speeds being
higher than in other regions or months.

Still, fire behavior parameters are important because
they allow understanding the fire itself, and not only
classifying the fire as a binary event (fire — no fire).
Fire events are extremely variable, and they produce
different effects in the ecosystem. For this reason,
the study of the characteristics of the fire events,
by means of estimating fire behavior parameters,
can help identifying land cover and environmental
conditions combinations that could cause severe
fires with relevant environmental impacts, thus
posing a higher danger.

Conclusions:

The maps showed that the highest values of
reaction intensity were found in shrubland fuelbeds
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in tropical and sub-tropical dry regions, the highest
rates of spread were obtained for grasslands in
those locations and shrublands in desertic areas,
and the highest flame lengths occurred in African
savannas. All parameters were highly affected by the
environmental conditions, increasing their values up
to an order of magnitude with changes in the fuel
moisture content of the fuels.

The coarse resolution of the climatic data, though
providedinformationonregionalweatherconditions,
cannot allow predicting accurate local fire behavior,
because local conditions of fuel moisture and wind
can rapidly change and modify the fire behavior.
Still, the results showed the importance of including
detailed fuel information into fire risk assessment
systems based on weather parameters, as it could
help to better estimate the expected fire behavior
and effects.
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Boreal and northern temperate forests cover
substantial part of European land area. Fine-scale
and spatially explicit data on changes of the forested
area in Eastern Europe are sketchy. Within the last
decades the change of forested area in this region
is expressed mostly in a gradual and slow expansion
of forested patches on the former agricultural land.
Forests at northern latitudes are characterized with
winters during which snow covers several months
the ground. Winter in boreal and hemi-boreal
latitudes is the season with the greatest target to
background contrast on predominantly two-class
images composed of forest and non-forest classes.
In winter, forest patches are surround on all sides by
open areas with bright snow cover.

We used imagery of Landsat sensors from the
United States Geological Survey (USGS) archive for
three time periods: mid to late 1980s, early 2000s
and 2010s (years 2011 to 2016). Our study area: three
Baltic states, Byelorussia, Ukraine and European
part of Russia were covered with winter images on
these years in the USGS archive. Results obtained
from moderate resolution Landsat images were
locally supported with high resolution winter images
for error estimates or with national basic map data
if available.

The images were classified into “forest” and “non-
forest” classes by thresholding pixel radiance values.
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The optimal edge threshold was defined by looking
for a maximum radiance contrast of neighbouring
pixels in a forest boundary area. Forest boundary
segments were assigned an attribute of cardinal
direction according to their relative position at the
edge of a forest patch.

Forestboundarylocationsonimagestakenindifferent
solar illumination conditions were compared. The
aim was to distinguish real changes at forest edges
(i.e. forest patch expansion) from those changes in
image classification resulting from different solar
elevation and atmospheric haze conditions. We
found that shade and forest structure affect edge
detection on medium resolution satellite images.
Regression analysis was used to relate the possible
drivers of forest area increase in Eastern Europe.

We found locally extensive increase of forest patch
areas on abandoned farmland in the studied region.
However, we also found strong differences in the
rates and spatial patterns of forest area change
among the countries and administrative regions
in our study area. The role of local agricultural and
forest management activities, distance to local
and regional centres, relative forested area and
configuration of forested patches are discussed as
possible driving factors of forested area change.
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Forest monitoring using remote sensing time-series: The case
of Colombian Andes Protected Areas

Murillo-Sandoval Paulo J.*2, Hilker Thomas*
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Protected Areas (PA’s) are an essential tool
for conservation of biodiversity and species
maintenance. Thetropical Andes have been classified
asa “hyper” hotspot for endemism and conservation
support, and as a result, monitoring their PAs is a
vital requirement for conservation biology. One way
to evaluate the ecological integrity of PA's is through
monitoring vegetation phenology, degradation and
disturbances. However, regqular field monitoring
of remote areas such as the Andes Mountains is
often not feasible due limited accessibility and high
costs. Remote sensing therefore provides a key
tool for assessing landscape changes over time, but
prevailing cloud cover and lack of frequent, high-
resolution datasets provides significant challenges.
Recently, advances in atmospheric correction and
cloud screening have opened new opportunities for
remote observations of otherwise challenging areas,
such as the Andes. The Multi-angle Implementation
of Atmospheric Correction algorithm (MAIAC) is
a novel cloud screening technique that can help
to increases the quantity of available cloud free

observations while reducing noise in land surface
reflectance at 1km resolution. These observations,
while often too coarse to observe small scale
disturbances, such as caused by human intervention,
may be combined with complementary medium
resolution sensors to allow accurate monitoring of
landscape degradation and disturbance in space
and time. Here, we combine a time-series (2000-
2014) of satellite observations derived from MODIS-
MAIAC with 30 meter resolution Landsat imagery.
Trends in landscape patterns were evaluated using
the Breaks For Additive Seasonal and Trend (BFAST)
algorithm in order to compare 15-year vegetation
trends inside and outside the “Picachos” Protected
area of the Colombian Andes. Our results show a
progressive upslope logging inside “Picachos”. The
combination of low and medium resolution sensors
processed by BFAST is a useful technique to obtain
reliable information about the contribution of short-
term and longer-term shifts on Protected Areas and
to detect progressive deforestation patterns at fine
spatial scale.
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Abstract

Biomass burnings (including forest, grassland, peatland and agricultural fires) have important
impacts on global terrestrial and atmospheric systems, affecting land cover, surface albedo, and the
atmospheric concentration of greenhouse gases, chemically reactive species and aerosols. Several
products have been generated in the last years to estimate total burned area, but uncertainties remain,
particularly those associated to small and low intensity fires. Impact of climate and societal changes
modify traditional fire regimes, extending fire seasons, increasing fire severity or introducing fire in
sensitive areas.

The Fire_cci project of the European Space Agency Climate Change Initiative aims to generate
consistent time series of burned area products to assess the extents of biomass burnings, as well as
their spatial and temporal characteristics. Fire impacts on atmospheric and terrestrial processes are
assessed, with particular attentionto CO_, CO and CH, emissions, modifications of vegetation patterns
and biomass availability.

The global burned area products of the Fire_cci program are being developed from MERIS and
MODIS sensors (300 m and 250m of spatial resolution respectively), complemented with a small-fire
databased generated from medium resolution sensors (Sentinel-2's MSI, 10-20 m of spatial resolution,
and Proba-V, 100-300 m resolution) for the African continent. BA algorithms for new Sentinel-3 sensors
(OLCI and SLSTR) will also be developed. Validation of the global products is based on a statistical
sampling design of Landsat frames. For these sites, fire reference perimeters are generated based on
multitemporal analysis of TM/ETM+/OLI images.

The paper will present the current status of the project and will provide analysis of the first global
burned area product based on the full-time series of high resolution MERIS sensor data (at 300 m).
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Improving forest change detection in the UK using
LandTrendr and TimeSync Landsat analysis tools
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This research explores the innovative application of
remote sensing to enhance forestry management
and monitoring methods in the UK.

In partnership with the US Forest Service and
Oregon State University, the project utilises
the unique archive of Landsat imagery, and the
advanced LandTrendr and TimeSync time series
analysis tools, to investigate changes in forest
cover, to identify trends of decline and recovery,
and attribution of those trends. Results are
verified using subcompartment-level management
information, records of tree health and action taken,
and sequential lidar data showing changes in growth
trajectories.

The project focuses on three study areas which
have experienced different predominant forms of
disturbance and forest cover.

The Loch Lomond and Trossachs National Park in
Scotland has suffered a series of severe storms in
recent years which have caused widespread loss
from windthrow, and subsequent progression of
wind damage through adjacent areas.

Japanese larch plantations in South Wales have
been affected by Phytophthora ramorum which
expanded from southwest England, and which
has been contained through severe management
intervention.

The Savernake Forest in England has been
designated a Site of Special Scientific Interest, and
is derived from ancient wood pasture management

containing veteran trees. The timber rights of this
private forest are leased to the Forestry Commission,
meaning that this area contains a combination of
managed stands and ancient woodland.

Figure 1 shows an example of management and
condition history for a stand in the Cowal and
Trossachs Forest District, detected using LandTrendr
time series analysis.

Wetness
1500
|

500
|

o ¥
.

I
1985

I I I
1995 2005 2015

Years

Figure 1. Blue markers represent observed Tasselled
Cap Wetness (TCW) values of vertices (identified
points of inflection); red points and connecting red
lines show fitted trajectories (LandTrendr algo-
rithm). Note that the trend is inverted such that an
increase in TCW (y axis values) indicates loss.
Automatic algorithm detection of stability (1985-
2000), felling (2003-4), rapid recovery (to 2010) fol-
lowed by slower decline in condition due to Dothis-
troma Needle Blight (>2010).
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The nature of these sites and their disturbance
histories provide the opportunity to investigate
the application of time series analysis using the
LandTrendr and TimeSync Landsat analysis tools
in the UK context, where cloud, seasonality and
fragmented forest cover create challenging
conditions. The sensitivity of the algorithms to
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accurately detect forest change of varying intensity
and duration (e.g. clear felling or sudden wind
loss versus decline and recovery relating to forest
condition) is investigated. This is of direct benefit
the British Forestry Commission for the accuracy
and currency of information regarding the national
forest resource.
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Interpreted high resolution imagery for rapid assessment of
land use and land cover changes in the United States - The
USDA Forest Service’s Image-based Change Estimation
(ICE) project

Mark Finco*, Abigail Schaaf*, Kevin Megown?, Paul Patterson?, Tracey Frescino?, James Blehm*
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Abstract:

The USDA Forest Service’s Forest Inventory and Analysis (FIA) program provides a long-standing,
rigorous, field plot-based national forest inventory for the United States. The cycle time for
remeasurement of field plots, however, is between 5 and 10 years, and national leadership identified a
need for more quickly available land cover and land use change information, even if the level of detail
is less than possible with field measurements. The FIA Image-based Change Estimation (ICE) protocols
resulted from this need to rapidly create change information.

Fortunately, the United States collects nationwide, high resolution imagery every two to three years
through the National Agricultural Imagery Program (NAIP) that is well suited for interpreting broad
land cover and land use classes. In collaboration with the Forest Service’s Remote Sensing Applications
Center (RSAC), FIA developed a two-step interpretation of NAIP over FIA plot locations to quantify
the amount and type of land cover and land use changes. The ICE project has been producing data for
nearly two years, and this talk will present experiences with the interpretation protocol and preliminary
change estimation results.
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Landsat reveals the impact of disturbance on carbon storage
in the United States National Forest System
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1 US Forest Service, 2 Utah State University, 3 North Carolina State University, 4 City of Seattle

Keywords: Landsat, disturbance, carbon

As part of a national strategy to address climate
change in the management of US national forests,
the US Forest Service has been directed to assess
the degree to which disturbances such as fire and
harvest have affected the amount of carbon stored in
each management unit. Because these assessments
are to be used in local forest planning, it is desirable
that they be based upon monitoring data that are
spatially and temporally specific; model results over
hypothetical or generalized landscapes are less
useful. The Forest Carbon Management Framework
(ForCaMF) was developed to meet this assessment
need by combining carbon dynamics built into an
empirically calibrated growth model with remotely
sensed (Landsat-based) records of historical
forest conditions and subsequent disturbance
history. Each of these data sources is calibrated
by and/or aligned with national forest inventory
data. ForCaMF outputs show the degree to which
disturbances since 1990 have altered current carbon
stocks on each national forest. A novel Monte Carlo
error simulation approach integrates uncertainties
associated with both model terms and remote
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sensing inputs to provide confidence boundaries on
national forest-level assessments.

ForCaMF results reveal a country facing diverse
disturbance threats in different regions. On a per-
hectare basis, insects in the Rocky Mountains of
Colorado have had the largest local effects on
carbon storage, although fires in places as diverse
as California, Florida, and Montana have also had
a dramatic impact. Root disease is the dominant
disturbance process, carbon-wise, in some parts
of the Rocky Mountains, while harvest is the most
important disturbance factor in many southeastern
national forests. ForCaMF allows these impacts
to be compared both within and across individual
management units. Landsat has unique properties as
amonitoring tool thataddirreplaceabletemporaland
spatial context to assessments of forest dynamics.
Leveraging this context in highly scrutinized
applications such as these carbon assessments
will require the kind of uncertainty evaluation and
integration with other established monitoring
resources that have been built into ForCaMF.
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Landsat time series analysis — The impact of forest ecosystem
history on biodiversity

Wanda Graf, Paul Magdon, Christoph Kleinn

Keywords: Landsat, times series, forest inventory, forest structure, biodiversity, functional diversity, scales

Forest ecosystems exhibit considerable dynamics
which manifest themselves in man-made or natural
changes which are either long-term or short term
in character (such as windfall or tree felling). The
current state of structure, composition and function
of a particular forest is the result of its ecosystem,
management and conservation history. These
dynamics are also mirrored in changes of biodiversity
patterns (Pickett & White 1985, Turner 2010).

We investigated the influence of ecosystem history
on species richness and functional diversity.
Intermediate disturbance regimes are expected
to cause highest species richness and functional
diversity according to the intermediate disturbance
hypothesis (Connell 1978). We hypothesize,
significant trends of remote sensing derived
vegetation indices point to changes in species
diversity and composition as well as functional
diversity.

This relationship of ecosystem history and
biodiversity is researched within the framework
of the "“Biodiversity Exploratories” — one of the
leading long-term and large-scale projects. The
study is carried out at three sites (Schwabische Alb,
Hainich-DUn, Schorfheide-Chorin in Germany) in the
temperate mixed forest comprising 150 experimental
plots of 100 m by 100 m which feature a land use
intensity gradient from conservation to managed
forest ecosystems. For all experimental plots data
of a full census inventory of woody perennials and
herbaceous plants are available among other taxa.
Validation is done using an independent forest
inventory dataset collection, a systematic grid
covering the entire study area.

For exploring the ecosystem history of the
experimental plots we used a time series of Landsat
5, 7and 8 from 1984 to 2016 of over 3000 images. We
combined Landsatimageries from the archives of the

United States Geological Survey and European Space
Agency to gain dense and continuous time series.

We analyze changes in trend (systematic change
over time) and disturbance events for the time
series of the Normalized Difference Vegetation
Index of Landsat surface reflectance imageries for
each experimental plot. Surface reflectance of the
raw data is calculated with the LEDAPS software
(Masek et al. 2013). Among others, we use the Mann-
Kendall-Trend test (Mann 1945) for trend analysis
and segmentation algorithms to detect disturbance
events. First analyses show that disturbance events
and trends can be detected in the time series by
using these methods. Moreover, long and dense
time series as used in this study are required due to
the low management intensity and stable nature of
these temperate forests. It showed that ecosystem
history is related to the observed biodiversity
patterns of the experimental plots.

This work helps to better understand the temporal
development of forest ecosystem structure,
composition and function as well as its impact on
species and functional diversity. Thus, this project
delivers valuable information for the development
of forest management and conservation plans.
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Since the first satellite images became available in
the 1990’s maps of land cover have been produced
at varying levels of detail. However, whilst the
sophistication of the imagery has increased the
problem of detailed evaluation of the map units has
remained.

At a strategic level satellite imagery is now routinely
used to track changes in tree cover by forest
agencies and National parks. There is no doubt that
the most recent satellites especially in conjunction
with LIDAR, can monitor regeneration, regrowth,
encroachment and gap dynamics outside canopies
but are unlikely to be able to determine changes
in ground vegetation and changes in species. The
latter are needed in the assessment of biodiversity
and the methodology that will be described in the
paper provides a solution to the problem.

The methodology that has been developed over
the last 30 years is that of classification, using
the multivariate statistical analysis technique
ISOCLUSTER on environmental data, mainly climate
andtopography, usually recorded from one kilometer
squares. The squares are classified into relatively
homogeneous strata at national or international
levels. The strata can then be used to describe the
range of variation within the domain and can also be
used to select dispersed random samples for in situ
surveys of habitats, vegetation and other ecological
parameters. The initial surveillance can then be
repeated to monitor change. A long term monitoring
example is the Countryside Survey of Britain which
was originally based on 32 strata which have been
increased to 40 so that separate figures can be
produced for England, Wales and Scotland. The
survey has reported on the changes in all habitats,
including forests, as well as species composition at
ten year intervals since 1978. For example, between

1990 and 2007 the area of broadleaved woodland
increased but the number of species declined by
9.3%. The full results, including the flows between
different habitats over time, are given in www.
countrysidesurvey.org.uk. The integration between
records of forest cover and other habitats enables
planners to assess the changes that are taking place
in the entire countryside and develop appropriate
policies for conservation. Comparable studies have
been carried out in Portugal, Sweden and Northern
Ireland.

The methodology has also been used to develop an
integrated program for monitoring biodiversity in
Europe using a classification with 72 environmental
strata based on climatic and topographic data.
The methodology will be described in the paper
and is described in EBONE website (http://www.

wageningenur.nl/en/Expertise-Services/Research-
Institutes/alterra/Projects/EBONE-2.htm). The

framework has also been used to assess the
implications of climate change, for example showing
that Fagus sylvatica may expand northwards in
Sweden under the most likely scenarios.

Recently, a comparable classification has been
constructed for Estonia producing eight classes.
These have been validated by applying orthogonal
regression to the axes of Principal Component
Analysis of the satellite land cover map of Europe and
DECORANA on species distributions in Estonia. The
correlation coefficients were over 0.7 and were very
significant. The strata are now being used to survey
vegetation and species in Estonian habitats, such as
clear fell forests, abandoned fields and patches of
invasive species, to provide data for the modelling
of potential changes under different climate change
scenarios.
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Patagonian forests under attack: increasing large-scale insect
outbreaks detected from MODIS images
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Abstract

Insect outbreaks are considered one of the major disturbances in temperate forests. These natural
events have dramatic consequences not only on industry, but also on ecosystem functioning and
biodiversity conservation. Worldwide, natural outbreak dynamics have changed in the last decades by
global climate change with consequences not fully understood. In this study, we used 16-days MODIS
EVI composites to 1) reconstruct the leaf phenology of Chilean Patagonian forests and 2) detect EVI
anomalies. Negative EVI anomalies (values below the normal range) are related to green canopy loss
caused, among other perturbations, by insect defoliators. We developed a mathematical algorithm
(R Script) to calculate the EVI annual phenological cycle and EVI anomalies at the pixel level. By
displaying pixel level anomalies, we quantified the intensity, spatial distribution, and temporal spread
of insect outbreaks for the whole Aysén Region, Southern Chile (which is about the size of England).
The analysis showed that massive outbreaks (> 20,000 hectares) occurred during the growing seasons
2008-2009, 2011-2012, and 2014-2015, showing an increasing trend on the affected area along time.
This increasing trend in outbreaks events may lead to extensive carbon loss from one of the largest
wilderness forested area in the Southern Hemisphere.
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of southwest France from multiple datasources: ecological
implications
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Knowledge about changes in landscape can
contribute to better explain the current biodiversity
because of a possible time-lag in biological
responses. Past disturbances of forests were already
shown as a key driver to explain apart of the current
species richness of forest insects or plants. Historical
maps combined with image time-series data (old
aerial photographs and satellite images) are often
used to assess the temporal continuity of forests and
their spatio-temporal dynamics. However, adequate
methods are needed to recostruct automatically past
and current states of forests with their trajectory.

In this study, we present a global processing chain
to reconstruct forest cover with its changes in
a fragmented landscape of south west France.
Five spatial data sources from 1850 to 2010 were
selected to map the forest evolution: historical
maps dating from 1850 and 1900, black and white
aerial photographs acquired in 1954 and 1979,
and true color orthophotograph of 2010. First, a
new registration method based on kernel ridge
regression was proposed for georeferencing
old maps and managing their geometrical local

distortions. Then, animage-processing method was
defined to extract and vectorize the forests from the
old color map of 1850. The supervised classification
approach based on a Gaussian detector relies on a
color transformation of the map in the CIELab color
space, after a morphological filtering step applied
to remove overlapping elements (text, elevations
contour lines). An additional GEOBIA method
was performed on the orthophotgraph of 2010 to
capture the current state of forests. For the others
sources, the forests were digitized manually. In a
next step, datasets of woodlands produced for the
fifth time period were manually matched in order to
produce the corresponding relations for estimating
changes. Finally, metrics at the object and landscape
levels were computed to characterize the spatio-
temporal evolutions of the forest cover. This paved
the way for measuring effects of history on current
species richness of forest hoverflies. Results show
high performances for the developed methods
and tools. Thiss tudy alsoprovides an interesting
methodological framework to drive futur estudies in
historical ecology.
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Abstract

Tropical ecosystems play major roles in the global carbon, water and energy cycles and, as a result, in
global climate. The broad goal of this research is to monitor changes in plant physiological parame-
ters, including status of pigments, and water use in connection with drought events in such ecosys-
tems. Specifically, we focus on stress related changes in photosynthetic activity and monitoring of ve-
getation decline following major stress events by inferring light use efficiency (€) from measurements
of reflectance from the MODIS data using the Photochemical Reflectance Index. To address our objec-
tive, we inferred light use efficiency (€) from measurements of reflectance from the MODIS data from
2000 to 2012. Lower values of PRI were found during the driest months of the year (July, August and
September). We also conducted an exploratory analysis to assess the potential climate variables that
might drive the changes in photosynthetic activity in the Amazon. We were also able to demonstrate
close links between changes in the Photochemical Reflectance Index temperature and precipitation.
Our finding show clear seasonality of light use efficiency over tropical forests that are related to dry
and wet season cycles and correspond well to flux tower related measurements of photosynthesis. Fi-
nally, Multi-angle MODIS observations, while not optimal for measuring short term changes in €, may
provide realistic estimates of photosynthesis over tropical regions.
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Chile has a large number of endemic species due
to its isolated location and is therefore one of the
biodiversity hots-spots of the Planet. At the same
time a number of invasive species occurred over the
last years and have shown to have a notable negative
effect on Chilean forest ecosystems. Between 2016
and 2018, the project SaMovar (Satellite-based
monitoring of invasive species in central-Chile) will
investigate the past and recent spread of selected
invasive species.

Most invasive species are ruderal species/strategists
and are strongly adapted to certain kinds of
disturbances. Therefore, one focus within the project
will be the reconstruction of the disturbance history
of natural vegetation areas of three administrational
regions in central Chile (Maule, Biobio, Isla Chiloe
in Los Lagos). The targeted time-period for the
analysis will be 1985-2016. Based on time-series
analysis using Landsat, MODIS and Copernicus data
as well as recent and historic reference information,
disturbance occurrences and the type of disturbance
will be recorded. The mapping of disturbances will
base on the creation of a vegetation mask followed
by disturbance mapping based on LandTrendr and
BFAST. After the mapping of the disturbances, each
disturbed area will be assigned to one of the most
common disturbance agents in the study areas.
These include forest fires, clear-cutting and biotic
agents. Methodically, the assignment to disturbance
agents will base on the analysis of the reflectance
signal and the shape of the disturbed area. The
development of the signal over the first few years

after the disturbance will also be considered as
additional information.

The disturbance history will subsequently be used
as one input layer to species distribution models
which will be developed to model the future spread
of Pinus radiata, Ulex europaeus and Acacia dealbata
assuming different climate scenarios. These three
non-native woody species have been observed to
have a prominent impact on the natural vegetation
of central Chile by invading non-managed areas that
often suffered from disturbances briefly before the
invasion. Specifically in the Maule Region. Natural
Nothofagus forest is being severely invaded by Pinus
Radiata, especially when the forest fragments are
surrounded by pine plantations or when the forests
are disturbed, creating opening in the vegetation.
The project thereby methodically targets on 1) the
adaptation of the methodical state-of-the-art in
remote sensing based mapping of invasive species
to the new data delivered by Copernicus and 2) the
detection and classification of disturbances as an
input to improve the identification and modelling
of invasion dynamics. The scientific interest mainly
lies in an increased understanding of the invasion
dynamics of the three target species in a highly
heterogeneous landscape that has undergone
drastic land-use changes over the last few decades.
Preliminary results of the project are presented,
especially regarding the detections of disturbances
(fires, harvesting) in the forest ecosystems of the
Maule Region using the BFAST algorithm applied to
the available Landsat archive.
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Spectral manifestation and signal to noise ratio of forest
disturbance and recovery
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Landsat imageries have been widely used in
change detection from simple two-date image
differencing analysis to complex time series analysis.
Understanding how forest disturbance and recovery
are manifested spectrally can help making efficient
change detection with remote sensing data. In this
study, 7200 randomly selected pixel samples in
Contiguous United States were interpreted with
time series of Landsat images using piecewise linear
segmentationandallavailable aerial photos. Foreach
sample pixels, change processes including harvest,
fire, decline, recovery, and stable were recorded.
With the identified piecewise linear segments, the
noise level for the whole time series for each sample
pixels were quantified for all the 6 raw Landsat bands
and a series of vegetation indices (Tasseled Cap
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Brightness, Greenness, Wetness, NBR, NDVI, NDMI)
The spectral signals for all identified disturbance
were calculated as the segment change in the bands
and indices. Both signal and noise varies greatly
by bands and spectral indices. Visible bands have
lowest level of noise (< 0.01) and also have lowest
level signal (<0.03). Shortwave infrared band have
relative large noise and signal, resulting in higher
signal to noise ratio. In this presentation, we present
how signal to noise ratio varies by disturbance types
in different spectral bands and indices (2.23 - 16.68).
Based on correlations among signal to noise ratio in
spectral indices, we present an application of using
signal to noise ratio information for forest change
detection for Contiguous United States.
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Abstract

Terra-i is a system for near real time vegetal cover change monitoring using remote sensing and
data mining. It aims to detect vegetation loss resulting from human activities at pantropical level
and provide up-to-date information about vegetation status with a spatial resolution and frequency,
250 meters and every 16 days, relevant for decision markers. Terra-i is developed by the International
Centre for tropical Agriculture CIAT, University of Applied Sciences Western Switzerland HEIG-VD and
King’s College London and is currently funded by Global Forest Watch (GFW) and CGIAR consortium.
Terra-i data are available free of charge on www.terra-i.org. Data are also available in other platforms
as Terra-i is a core partner of Global Forest Watch.

The methodology is based on the premise that natural vegetation follows a predictable pattern of
changes in greenness from one date to the next brought about by site-specific characteristics and
climatic conditions in the preceding days. We use a Bayesian-probability based neural network to
learn how the greenness of a given pixel (MODIS-MOD13Qz1) responds to a unit of rainfall (TRMM/
GPM), then apply the model to identify anomalies in the time series which can be attributed to human
activities.

The tool has been applied as an official early warning system for land cover and land-use change in
Peru through the collaborative framework agreement signed between the International Center of
Tropical Agriculture (CIAT) and the Peruvian Ministry of Environment (MINAM). Finally, the most
outstanding publication based on Terra-i data is a paper published in Science in January 2014: Drug
Policy as Conservation Policy: Narco-Deforestation. In this paper, a team led by Kendra McSweeney
used Terra-i data to show the relationship between drug trafficking and deforestation in eastern
Honduras.

The focus of this talk will be on the Terra-i methodology and its potential uses to inform decision
making.

About the Author

Paula Paz is a Topographical Engineer from
Universidad del Valle, Colombia with understanding
and general management of GIS and remote
sensing software tools. Paula is currently working
as research assistant at CIAT working on the Terra-i
project since three years ago. Her main tasks include
the downloading, processing and post-processing

of data and information for Terra-i to support
the monitoring of deforestation in the tropics.
Additionally Paula has been involved in projects
with the Peruvian government, and has participated
of fieldwork to validate of Terra-i data and know
the main drivers of deforestation in the Peruvian
Amazon.
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Abstract

Time series of the Normalized Burn Ratio (NBR) calculated from Landsat data were analyzed at
different ecoregions of Colombia and Argentina. The process included removing clouds and cloud
shadows from Landsat imagery and masking areas were vegetation was removed without evidence of
charcoal. Changes from vegetation to bare soils are usually classified as burned areas and therefore
validated as commission errors. Temporal change from prefire to postfire (dINBR) was evaluated using
three methods: i) The difference between the prefire and postfire normalized burned radio (dNBR)
(Key & Benson 2005); ii) The relative form of dNBR (Miller & Thode 2007), and iii) The dNBR where
a composite of the maximum reflectance was used as input for prefire. Each method generated a
surface of dNBR and different thresholds were used to classify each dNBR pixel into burned and not
burned. Metrics as minimum sum of errors and dice coefficient (Padilla et al. 2014) were considered
to define the optimum threshold. The analysis of burned area time series allow identifying the cause of
errors and generating prefire statistics. It was found that there is a pattern towards large commission
errors when trying to minimize omission and no difference was found from methods i) and ii). Time
series are important to replace prefire pixles contaminated by clouds, but other errors arise depending
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on the metric selected from the time series.

Introduction

Large discrepancies have been found for burned
area (BA) estimation using remote sensing images
with data sets of medium resolution (500 m — 1
km) as GBA2000, GlobScar, WFA, (Boschetti et
al. 2004) or more recently MCD64A1, MCD45A1,
GEOLADN-2 (Moreno et al. 2014). Several aspects
of remote sensing technology such as spatial and
temporal resolution are identified as responsible
for inaccuracy (Anaya & Chuvieco Salinero 2012).
Indexes derived from spectral bands are commonly
used to enhance the detection of BA (Chuvieco et al.
2002; Gonzalez et al. 2007; Roy et al. 2008). A simple
index is the single date of the Normalized Burn Ratio
based on NIR and SWIR (Key & Benson 2006) used
to determine fire severity. However, the detection
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improves when the difference between two dates is
considered, one date to determine prefire NBR and
other date for post fire NBR.

The method to highlight areas affected by fire and
the selection of a threshold to classify BA (limit
between burned and unburned pixels) is challenging
because the large amount of factors affecting prefire
and post fire reflectance. Some of these factors are
the amount of vegetation, the type of vegetation
and the composition and color of soils (e.g. black
soils vs. white soils). By the other hand, there are
changes not associated to the effect of fire, such
as, illuminations and atmospheric differences in
the pre and post fire imagery, changes inherent to
vegetation phenology and climate conditions. The
sum of these factors generates unique per pixel
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conditions. The present work aims to decrease the
uncertainty generated by changes in reflectance at
TOA before and after the fire using NBR and time
series of Landsat data.

Methodology

Two values of the NBR were calculated, one for the
charcoal signal (postfire) and one for vegetation
(prefire). The difference between these NBR values
was calculated for every pixel of a Landsat image, for
this reason, the result is a surface with dNBR values
(difference of the normalized burn ratio index).
Reflectance calculated on top of the atmosphere
(TOA) was used to calculate NBR; in this phase
clouds, shadows and water bodies were removed.
Two masks were used to remove the effect of clouds,
one for the large reflectance of the aerosol and the
other to remove the low reflectivity of their shadow.
Clouds were masked with the built-in algorithm
of GEE “simple cloud score” and shadows were
removed with a threshold for SWIR1. The last pre-
processing step was to identify and remove water
bodies with the Normalized Difference Water Index
(NDWI).

Input data and BA index calculations

Landsat 5 and 8 were used for calculations based on
equation 1, 2, 3and 4.

APk~ Pk | eq.1

it Pswir )

NBR =

dNBR= NBRprefire - NBRpostfire (Miller & Thode

2007) eq. 2

RANBR= (NBRprefire — NBRpostfire)/NBRprefire
eq.3

dNBR__ = NBRprefire(max) — NBRpostfire eq. 4

Where,

SWIR: 2.1-2.3 pm

RANBR: Relative difference of NBR

NBRprefire(max): maximum NBR from prefire time

series

The RANBR has been considered important when
NBR values are low at prefire conditions (eq. 3).
For instance, when the amount of vegetation is
low, dispersed (with high soil signal) or dry, which
is very likely in pastures during the dry season. The
maximum value of NBR for prefire conditions (eq. 4)

where selected to evaluate the effect of removing
clouds using time series. Pixels contaminated
with clouds are expected to result in low NBR
values. Three dNBR surfaces where generate using
equations 2-4. Then each surface was classified
into multiple BA maps using thresholds increments
of 0.1. When dNBR < o it is assumed that the pixel
was not affected by fire. Each BA map generated
by this semi-automatic method was compared to
the reference information to generate accuracy
statistics in order to select the best method and
optimal threshold.

Results

The extent and size of BA reference information
varied notably. The average size of BA polygons for
the images of Colombia and Argentina was 4 and 132
ha respectively. With a highly fragmented landscape
in Colombia (801 polygons) when compared to
Argentina (276 polygons). NBR values behave very
similar to NDVI values, with high NBR values at
prefire, healthy vegetation, and low values after fire.
Figure 1, shows three land cover types of Colombia:
grassland, Shrubland (regrowth) and mature
amazon forests. The time series show low values of
NBR at date 23, when BA reference information was
gathered. The NBR values for bare soil and burned
areas are very similar in prefire and posfire, for this
reason bare soils are likely to be classified as burned
areas by the semi automatic method. Other aspect
revealed by the time series analysis is the variability
of NBR in the Forest class due to phenology and
remote sensing artifacts, with a minimum NBR of
0.58 and a maximum of 0.72. This variability is the
cause of commission at low threshold values.

The error of commission increases as the BA
identification increases. In this regard, it should be
noted that the metrics to select the best method
should include both, low errors and large BA
agreement. Selecting thresholds associated to low
sum of errors (commission and omission) heavily
influenced by commission will result in extremely
low values of BA detection.

No significant differences in accuracy were found
when using the relative form of dNBR (equation
3), the best identification of BA with the lowest
commission error was found when using equation
4. These preliminary results indicate that time series
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Landsat NBR Time Series for different sites in
Colombia
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Figure 1. Time series of prefire NBR values and other classes of land cover.

may improve BA classification in areas with heavy
cloud content, i.e. when prefire pixels contaminated
by clouds are replaced by a time series metric.
Conclusions

The main limitation was the availability of
consecutive images with low extent of cloud content.
The best burned area map was derived by including
soils mask and the maximum composite as input for
prefire NBR. This case study has been implemented
on the Google Earth Engine platform which allows
access to a vast amount of satellite imagery and
tools for algorithm development (Patel et al. 2015).
This platform was very valuable for the cooperation
and interaction among the Latin American Network
of Forest Fires (RedLatIF) members.

References

Anaya, J.A., Chuvieco Salinero, E., (2012). Accuracy
assessment of burned area products in the

258

Orinoco basin. Photogrammetric Engineering
and Remote Sensing 78, 53-60.

Boschetti, L., Eva, H.D., Brivio, P.A., Gregoire,
J.M., (2004). Lessons to be learned from the
comparison of three satellite-derived biomass
burning products. Geophysical research letters
31(L21501), d0i:10.1029/2004GL021229.

Chuvieco, E., Martin, M.P.,, Palacios, A., (2002).
Assessment of different spectral indices in the
red-near-infrared spectral domain for burned
land discrimination. International Journal of
Remote Sensing 23, 5103-5110.

Gonzdlez, A.F., S., M.d.M., Cuevas, G.M., (2007).
Un nuevo algoritmo para la cartografia de areas
quemadas a partir de informacion NIR, SWIR y
TIR. Revista de Teledeteccion, 97-105.

Key, C., Benson, N., (2005). Landscape assessment:
Ground measure of severity; the Composite
Burn Index, and remote sensing of severity,
the Normalized Burn Index, in: D. Lutes, R.K,,
J. Caratti, C. Key, N. Benson, S. Sutherland, L.



Universidad Mayor

ForestSAT 2016 Abstracts Summary

Gangi (Ed.), FIREMON: Fire effects monitoring
and inventory system. USDA Forest Service, pp.
1-51.

Key, C., Benson, N., (2006). Landscape Assessment
(LA) Sampling and Analysis Method, in: Rep.,
U.F.S.G.T. (Ed.), RMRS-GTR-164-CD, p. 51.

Miller, J.D., Thode, A.E., (2007). Quantifying burn
severity in a heterogeneous landscape with a
relative version of the delta Normalized Burn
Ratio (dNBR). Remote Sensing of Environment
109, 66-80.

Moreno, J.A., Garcia, J.R., del Aguila, I., Hernéandez,
P., (2014). Burned Area Mapping in the North
American Boreal Forest Using Terra-MODIS LTDR
(2001—2011): A Comparison with the MCD45A1,
MCD64A1 and BA GEOLAND-2 Products.
Remote Sensing 6, 815-840.

Padilla, M., Stehman, S.V., Chuvieco, E., (2014).
Validation of the 2008 MODIS-MCD45 global
burned area product using stratified random
sampling. Remote Sensing of Environment 144,
187-196.

Roy, D.P., Boschetti, L., Justice, C.O., Ju, J., (2008).
The collection 5 MODIS burned area product
-- Global evaluation by comparison with the
MODIS active fire product. Remote Sensing of
Environment 112, 3690-3707.

259



Forest Monitoring Universidad Mayor

Understanding the large area disturbance history of Australian
Sclerophyll forests

Simon Jones **, Mariela Soto-Berelov %3, Samuel Hislop %, Trung Nguyen , Salahuddin Ahmad *, Shirley Famelli?,
Andrew Haywood **3

* Centre for Remote Sensing, School of Mathematical and Geospatial Sciences, RMIT University, Melbourne, Australia
2 Department of Environment, Land Water and Planning, East Melbourne, 3002, Victoria, Australia
3 Coopertive Research Centre for Spatial Information, Carlton, 3053, Victoria, Australia
+ European Forestry Institute, Kuala Lumpur, Malaysia

Keywords: remote sensing, woody attribution, disturbance history, feature extraction.

Abstract

This paper presents a methodology for attributing and characterising the disturbance history of Scle-
rophyll forested landscapes over large areas. First we define a set of woody vegetation data primitives
(e.g. canopy cover, leaf area index (LAI), bole density, canopy height), which are then scaled-up using
multiple remote sensing data sources to characterise woody vegetation features. The advantage of
this approach is that vegetation landscape features can be described from composites of these data
primitives. The proposed data primitives act as building blocks for the re-creation of past woody cha-
racterisation schemes as well as allowing for re-compilation to support present and future policy and
management and decision making needs.

A large public land manager —the Victorian Department of Environment, Land Water and Planning set
up 786 permanent field plots (VFMP), sampled on a stratified systematic random framework, to mea-
sure woody and non-woody forest data primitives. Results are presented of data primitives including:
1) LAl —validated using ground based hemispherical photography, LAl 2200 PCA, Cl-110 and terrestrial
and airborne laser scanners; 2) canopy height and vertical canopy complexity derived from airborne
LiDAR validated using ground plot observations; and, 3) time-series characterisation of disturbance
history and associated land cover change using LandTrendr analysis of Landsat LEDAPS data. kNN is
then used to link the derived features to the VFMP field plot sites.
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Mountain ecosystems, though very abundant
and diverse, are extremely difficult to monitor.
An obstacle during research may not only be
large differences in altitudes, but also completely
different climatic conditions on various aspects and
mountain slopes. It is in such conditions that remote
sensing techniques are particularly applicable, which
enable fast, precise, though not necessarily cheap,
monitoring of the occurring processes.

Upon the request of General Directorate of The
State Forests, the greatest monitoring of mountain
ecosystems has been carried out in the south of
Poland since 2012, which is based, among others,
on data obtained from airborne laser scanning
(ALS), satellite imaging repeated three times
within every growing season (Black Bridge), aerial
photographs, and ground measurements including
terrain laser scanning (TLS). The application of
all those technologies at one place and at a time
ensures unparallel possibilities of observing the
occurring processes. The project named “Creation
of a Forest Information System Covering the Areas
of the Sudety and the Western Beskidy Mountains
within the Scope of Forest Condition Monitoring and
Assessment” is at the same time the greatest GIS
projectatThe State Forests, which has been awarded
an ESRI prize in 2014 for exceptional achievements
in the scope of GIS.

The purpose of the presented project, apart
from the development of a modern GIS system,
is mainly monitoring of mountain deforestation
process, and an attempt to understand complicated
dependencies which influence this process. Several
dozen of various analyses have been carried out so
far for whole forest stands, as well as for single trees
(based on LiDAR data), which have demonstrated
many interesting relationships. The presentation
will include the results of selected analyses, among
others:

e The impact of topography on deforestation
process based on the analysis of a detailed terrain
model (DTM).

e The dependence of spruce growth (based on
ALS measurements of hundreds of thousands of
individual trees) on climate conditions, performed
treatments and soil in the context of their health
condition in the past and today.

e Mechanics of mountains’  deforestation
processes, their directions, and processes’
accompanying dependencies based on ALS data
and satellite imaging.

e Relationsbetween selected physicaland chemical
features of soils and assimilation apparatus
based on over 600 circle areas in the context of
topography and observed deforestations.
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Forest disturbances significantly influence the
character of forest ecosystems, and many studies
have focused on disturbance or post-disturbance
processes. However, few studies have investigated
whether satellite data can provide insight into
precursor conditions for disturbance in forests.
Based on experience from the Bavarian Forest
and other temperate spruce forests we modelled
risk of bark beetle attack based on commonly
used environmental predictors together with pre-
disturbance spectral trajectories from Landsat
Thematic Mapper (TM) imagery. Our study area is
located in the central part of the Sumava Mountains,
in the border region between the Czech Republic
and Germany, Central Europe. The areas of bark
beetle attacked forest were delineated from aerial
photographs taken in 1991 and every year in the
period 1994 -2000. The environmental predictors
represent forest stand attributes (e.g. tree density or
distance to the attacked forest from previous year)
and common abiotic factors like topography-climate
variables or geological and pedological background.
Pre-disturbance spectral trajectories were defined
by the Tasseled Cap linear transformation (Wetness,
Brightness) calculated from 16 Landsat TM scenes
for the period 1984 — 1999. As pre-disturbance
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spectral trajectory we consider a slope of linear
regression of either Wetness or Brightness index
related to years from 1984 until one year before
the bark beetle attack. Using logistic regression
and multimodel inference, we calculated predictive
models separately for any single year in 1994 — 2000
to account for a possible shift in importance of
individual predictors during disturbance. Inclusion
of pre-disturbance spectral trajectories (Wetness
slope and Brightness slope) improved predictive
ability of bark beetle attack models. Wetness slope
appeared most prominent even in comparison to
environmental predictors and relatively stable over
the years, while Brightness slope improved the
model only in the middle of the disturbance (1996).
Moreover, these pre-disturbance predictors were
not correlated with other environmental predictors
and are therefore able to explain additional data
variability. Predictive power of our fitted models
expectedly decreased with further in the future, but
thistrend was slower at the beginning of disturbance.
The pre-disturbance spectral trajectories are
valuable not only for assessing the risk of bark beetle
attack, but also for detection of long-term gradual
changes even in non-forest ecosystems.
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Abstract

The aim of this study was to produce a geospatial dataset of early successional forest (ESF; age 1-20
years) and other land cover classes, and to conduct a comprehensive and robust suite of map validation
procedures for estimating accuracy and assessing utility of the dataset. We used summer Landsat time
series stacks (LTSS) and a vegetation change tracker algorithm (VCT; Huang et al. 2010) to classify
forest canopy disturbance during 1990-2009 in Michigan, Wisconsin, and Minnesota, USA. To reduce
commission of ESF we incorporated LTSS of snow covered winter imagery (VCTw; Stueve et al. 2011).
Stand age was inferred from year of canopy disturbance and binned into four 5-year age classes that
were assigned to forest pixels of the U.S. National Land Cover Database of 2011 (Homer et al. 2015). To
reduce omission of ESF, we reclassified a subset of NLCD2011 Shrub/Scrub and Grassland/Herbaceous
class to forest where corresponding VCTw pixels were classed as forest (Garner et al. 2016). Land use
and stand age data from U.S. Department of Agriculture Forest Service, Forest Inventory and Analysis
(FIA) plots (n=27,219) were used to produce estimates of map accuracy and post-stratified estimates of
area following “good practices” in Olofsson et al. (2014), which were augmented by additional site- and
non-site specific validation assessments. Reported estimates are accompanied by +95% confidence
intervals. Overall accuracy of generalized land cover classes (forest/nonforest/water) increased
relative to NLCD2011 from 87.6% (+0.39%) to 89.5% (+0.36%) after reclassifying about 11,000 km2
of NLCD2011 nonforest classes to forest. We estimated 216,563 (+1,532) km2 of forest land area, of
which 26,635 (+1,134) km2 was disturbed within the past 20 years. About 12% of total forest area was
ESF; 8.5% in Michigan, 10.9% in Wisconsin, and 16.2% in Minnesota. Overall accuracy for seven classes
(1-5 year old, 6-10 year old, 11-15 year old, 16-20 year old, persisting forest over 20 years, nonforest,
and water), was 84.9% (+ 0.42%). Two thirds of the error was attributed to allocation disagreement
and one third to quantity disagreement (Pontius and Millones 2011). Producer’s accuracies ranged
from 15.0% (+ 1.89%) for 16-20 year old forest to 91.5% (+ 0.45%) for persisting forest class; user’s
accuracies ranged from 38.8% (+ 6.28%) for 1-5 year old forest to 90.4% (+ 0.52%) for nonforest class.
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Overall accuracy increased insignificantly to 85.6% (+ 0.42%) after aggregating the four 5-year age
classes into a single 20-year age class. Accuracies for individual 5-year age classes ranged from 15-31%
producer’s accuracy to 39-45% user’s accuracy, changing to 31.0% (+ 1.46%) producer’s accuracy and
62.4% (+ 3.26%) user’s accuracy after aggregating the four 5-year age classes into a single 20-year age
class. Similarly, accuracies for 5-year age classes improved to 24-36% (producer’s accuracy) and 54-
68% (user’s accuracy) under a fuzzy classification assessment approach whereby neighboring forest
age classes in the error matrix were also counted as correctly classified (Gopal and Woodcock 1994).
Northwestern subregions had lowest overall accuracies but highest producer’s and user’s accuracies
for ESF age classes. Estimates within equal-area polygons created using a space-filling curve procedure
(Lister and Scott 2009) revealed spatial clustering of omission errors. Employing multiple validation
assessments across multiple strata improved our understanding of data quality, utility, causes of
misclassification, and limitations of validation data.
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Water yield dynamics in forested watersheds: Using Landsat
annual time series for the assessment of eco services in
national forests of the Intermountain West, USA
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Changes in forest structure invariably impact the
dynamics of the water balance of a given region.
Interception, infiltration, evapotranspiration,
and runoff are promptly affected after sudden
disturbances (i.e. harvests, fires) that eliminate
or reduce canopy cover. Assessment of long-term
water effects of disturbance at the catchment
level is limited by the lack of continuous, wall-
to-wall information about disturbance patterns.
Here, we present results of combining highly-
detailed disturbance datasets in conjunction with
a physically-based hydrologic model to report
about water dynamics in forested landscapes. The
US National Forest System (NFS) has developed
a comprehensive plan for carbon monitoring that
requires a detailed temporal mapping of forest
disturbances across 75 million hectares. A long-
term annual time series that shows the timing,
extent, and type of disturbance beginning in 1990
and ending in 2011 has been prepared for the entire
NFS using a mix of automated and manual mapping
processes. Maps also showed the magnitude of
each change event, which was modeled in terms of
inter-annual canopy cover loss. This information was
used as input to the Soil and Water Assessment Tool
SWAT to model water dynamics, with an emphasis
in water yield and sediment concentration, and
thus gain empirical insight into how disturbance
may predispose changes in water at a given outlet

in forested watersheds. We developed a hydrologic
baseline (business as usual) that included long-
term measured climatic variables, topographic
relief, soil hydrologic groups, and the National
Land Cover Dataset NLCD for the year 1992, 2001,
2006, and 2011. Then, on a yearly basis from 1990,
we included our disturbance datasets in the SWAT
model to augment the spatiotemporal variability
of the land cover input, and modeled streamflow
and sediment loads for every year thereafter. This
permitted the comparison between undisturbed
and disturbed scenarios across the study area.
SWAT was calibrated in watersheds where monthly
hydrometric records were available. This allowed
the estimation of the model efficiency, and thus
report on the model uncertainty. The thematic,
spatial, and temporal resolution of our disturbance
maps allows the estimation of the relative impact
of disturbance through time in these watersheds.
Our results provide detailed transparent accounts of
water yield dynamics, and provide opportunities to
assess trends in ungauged watersheds with similar
ecological conditions. Water resources are subject to
numerous stress agents such as global change, and
climatic variability. Our research here quantifies the
effects of natural and anthropogenic disturbance on
water dynamics that can be used for managers and
stakeholders to plan for the future.
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3D mapping of mangrove forests along the Pacific Coasts of
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Mangrove forests are some of the most productive
ecosystems on Earth. In addition to extraordinary
carbon sequestration potential, they provide a
wealth of socio-economic resources to coastal
communities. Thus, it is imperative to generate
baseline maps to assess their status and vulnerability
to climate change and human activity. We present
novel approaches to map mangrove canopy height
as well as above ground biomass along the Pacific
coasts of central and south America. Mangroves
of these regions span a wide variety of structural
characteristics and socio-economic  contexts,
providing a robust assessment of the remote sensing
capabilities.

We wused several airborne and space-borne
instruments. In particular, we use a technique called
polinSAR  (Polarimetric Interfometric Synthetic
Aperture Radar) to map mangrove forests in 3D.
In 2013 and 2015, NASA's UAVSAR system, an
airborne L-band fully polarimetric radar enabled for
repeat-pass interferometry, collected data along
the coasts of Costa Rica, Colombia and Ecuador.
Using these data, we have developed an adaptive
temporal decorrelation algorithm to compensate
for changes in environmental moisture and wind
conditions between UAVSAR flights. To validate
the UAVSAR estimates of canopy height, we also

collected coincident in situ data in the Osa Peninsula,
the department of Choco and the Guayas estuary.
Furthermore, we used data from Shuttle Radar
Topography Mission (SRTM) and the German’s
TanDEM-X spaceborne instruments to estimate
canopy heightand cross-validate UAVSAR estimates
of canopy height. We obtained height uncertainties
in the order of 2m over a 20m pixels. The in situ
data was also used to derive canopy height-biomass
allometric equations to convert canopy height into
above ground biomass maps.

Interestingly, comparison of the new canopy height
maps from the UAVSAR and TanDEM-X systems with
those derived from the Shuttle Radar Topography
(SRTM) acquired in 2000 show strikingly rapid
changes in mangrove forest structure. Some forests
grew nearly 15 meters in the time interval. We also
found the location of the tallest mangrove of the
Americas (to be announced during the presentation).

Upcoming spaceborne missions with interferometric
capabilities (e.g. NISAR, SAOCOM and BIOMASS)
will provide further opportunities to monitor
mangrove structure and health. Thus it is crucial to
further develop technique adapted to repeat-pass
polinSAR and mangrove forests.
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Abstract

Multi-temporal imagery from Landsat family of satellites has been widely used to study a variety
of change processes common to upland forests, including fire, wind, harvest, and insect damage;
however, there have been relatively few studies using Landsat data to specifically map and monitor
beaver activity in lowland areas. In this study, time series of all high quality Landsat TM/ETM+
observations from 1985-2014 were used to investigate the spectral-temporal signatures of beaver-
related disturbances in Massachusetts, USA. We found evidence of a distinct spectral-temporal flood
response consisting of a decrease in mean annual Tasseled Cap Brightness occurring concurrently with
adecreaseinthe seasonal variability of Tasseled Cap Greenness. A targeted change detection algorithm
was developed based on this observed response and the algorithm was tested on reference datasets.
Results suggest that the timing of detected flood events matches well with records of beaver activity,
and the algorithm is flexible enough to identify flood events of different durations and magnitudes.
As North American beaver populations continue to expand, dense time series of Landsat observations
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provide a new source of information for monitoring beaver activity over large spatial extents.

Introduction

North American beaver (Castor canadensis)
populations, once decimated by overhunting, are
returning to the landscapes of the conterminous
United States and reclaiming their role as
continental-scale agents of change. Like humans,
beavers are classic ecosystem engineers, having
a disproportionately large impact on their
environments and habitats beyond basic needs
for food and shelter (Naiman et al. 1988; Rosell
et al. 2005). Beaver dams alter the physical and
chemical properties of streams, changing currents,
temperature, and rates of sedimentation (Butler
& Malanson 2005), and this rapid alteration of the
abiotic environment often has dramatic impact
on riparian and aquatic habitats. Therefore,
understanding the spatial and temporal dynamics of
beaver activity is important for future management
of the beaver population, as well as the management
of forest and wetland ecosystems modified by
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beaver activity.

Multi-temporal imagery from Landsat family of
satellites is widely used to study a variety of other
land cover change processes common to North
American landscapes, including fire, wind, harvest,
and insect damage (Cohen & Goward 2004; Wulder
et al. 2012). Flooding is often recognized as a driver
of vegetation change (Nielsen et al. 2008; Cohen
et al. 2016), and previous Landsat-based studies of
land cover change have quantified conversions from
forestto openwater (Drummond and Loveland 2010)
and among wetland types (Kayastha et al. 2012;
Fickas et al. 2015). However, most previous efforts
to quantify beaver activity at landscape scales have
relied on expert interpretation of a series of high-
resolution aerial photos to identify beaver-related
wetland changes, and there have been relatively few
studies using Landsat imagery to specifically map
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and monitor beaver activity (Finn and Howard 1981;
Townsend, Walsh & Butler 1995; Townsend & Butler

1996).

With free and open access to the Landsat archive
now provided by the USGS, there has been growing
interest in using Landsat time series to analyze
ecological processes (Kennedy et al. 2014; Gomez
et al. 2016). Given the widespread, potentially
continental-scale impacts of growing beaver
populations, there is a critical need to acknowledge
beavers as an agent of change similar to other
widely studied patch-altering disturbances and to
investigate how time series of remotely sensed
observations, asopposedtoindividualimages, canbe
used to automate detection of spatial and temporal
patterns of beaver activity. In this study, time series
of all high quality Landsat observations were used to
explore the spectral-temporal signature of beaver
activity and develop an algorithm that can be used
to map beaver activity over large areas.

Methodology

To investigate spectral-temporal responses to
flooding events caused by beaver activity in
Massachusetts, we utilized stacks of all available
Landsat TM and ETM+ imagery with < 80% cloud
cover. Analysis was restricted to images acquired
from January 1984 through December 2014 to
ensure that full years of data were used in the
calculation of annual statistical metrics, resulting
in a 30-year time series for each pixel. To facilitate
the interpretation of reflectance data, Landsat’s six
optical bands were transformed into three Tasseled
Cap (TC) components—Brightness (TCB), Greenness
(TCG) and Wetness (TCW) (Crist 1985).

From a change detection perspective, flooding
events associated with beaver activity typically
consist oftwo concurrent events—(1) a flood event
following initial damming and (2) changes in
vegetation cover and condition due to stress and die-
off of flood-intolerant plant species. While harvest,
fire, or insect infestation may also cause declines
in vegetation conditions, these agents of change
typically produce a post-disturbance increase in
reflectance (Schroeder et al. 2011; Senf et al. 2015),
with removal or die-off of vegetation revealing a
bright soil background. Flooding, however, would be
expected to decrease post-disturbance reflectance,
as vegetation succumbs to inundated conditions

resulting in an open water or “ponded” state. Thus,
flooding events should have a spectral-temporal
trajectory that is distinct from other types of forest
change and wetland conversions. In comparing
the TCB, TCG and TCW trajectories of locations
impacted by beavers, a decrease in both TCB and
TCG was observed in all examples.

Using the observed relationship between TCB and
TCG, we developed an algorithm for identifying
beaverrelated flooding events using Landsat time
series. Mean TCB, maximum TCG, and minimum
TCG were computed for each year in the time series
using all clear observations for that year. Simple
conditional evaluations were then used to determine
whetherornotafloodeventhadoccurred (orremains
in progress) in a given year (Table 1). The first set of
conditions identifies abrupt change, as indicated by
a large, negative year-to-year change in the mean
of TCB, combined with a decrease in the seasonal
range of TCG. The second set of conditions identifies
long-term (cumulative) changes, as indicated by a
large negative decrease in the cumulative annual
difference in mean TCB combined with a decrease
in the seasonal range of TCG. Ultimately, a flood
event is flagged when the annual OR cumulative
annual difference in mean TCB from the previous
year is greater than a threshold (TCB, . or TCB__ )
AND the annual range of TCG in the current year
is less than some percentage of the starting range
of TCG (TCG,,..). In the most general sense, this
algorithm is used to test the hypothesis that there
is a detectable, directional relationship between TCB
and TCG associated with beaver-related flooding.

Results

The proposed algorithm was tested on several sites
with a history of beaver activity, including Mass
Audubon’s Broadmoor Wildlife Sanctuary, located in
Natick, MA. Mapping flood events in the Broadmoor
wetlands by year (Figure 1) shows the timing and
extent of flooding associated with two beaver dams.
In 1990, a large area of change is detected in the
wetland upstream of Dam 1. The flooding event
caused by Dam 1 persists from 1990 through 1994,
with other potential events in 1998, 2005 and 2013.
The effects of Dam 2 first appear in 2003, with a flood
event persisting through the end of the time series.

The timing and location of flooding events is
generally in agreement with sanctuary records of
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Table 1: General descriptions of key algorithm parameters and specific values used in this study

Threshold Description Value
TCB Year-to-year change in mean TCB, captures abrupt flooding -0.05
TCB,.,. Cumulative sum of the year-to-year change in mean TCB, captures gradual flooding -0.05
stress Range of TCG calculated as percent of range in year 1, captures vegetation stress TCG , *
(1-0.3)

Figure 4: Mapped results for Broadmoor, 1989-2013. Blue areas correspond to flood events detected in a

given year.

Known beaver dams are indicated by yellow circles. Landsat base image acquired 11-October 2008.

beaver

activity. The algorithm is able to detect year-to-
year variability in the extent of flooded area, and is
sensitive to both short-term and longer-term events.
Furthermore, floodeventsaregenerally concentrated
in wetland areas with limited commission in upland
areas. These results suggest that flood events do
have a distinct spectral-temporal signature and can
be mapped and monitored an annual time step using
Landsat time series.

Conclusions

This study advances uses of time series of all high
quality Landsat observations to identify beaver-
related flooding events at an annual time step. We
have identified a spectral-temporal relationship that
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distinguishes flooding from other types of change
events. To test this hypothesized spectral-temporal
response, we developed an algorithm that can be
used to detect timing, persistence and location of
flooding events. Unlike more complex segment-
based approaches (e.g. Kennedy et al. 2010; Zhu et
al. 2014; Czerwinski et al. 2014), we use year-to-year
variability in key spectral features to detect change
events at an annual time step. Testing indicates that
the timing of flood events detected by our algorithm
matches well with records of beaver activity, and the
algorithm is flexible enough to identify flood events
of different durations and magnitudes. Furthermore,
algorithm parameters are easily interpretable and
tunable, and should be generalizable to other study
areas. As the North American beaver population
continues to expand, dense time series of Landsat
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observations provide a new source of information
on the long-term large-scale impacts of these
industrious ecosystem engineers.
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Abstract

Coastal blue carbon ecosystems such as mangroves have the highest total carbon densities of all
ecosystems. The high carbon sequestration coupled with the high risk of destruction make mangroves a
prime candidate for carbon mitigation initiatives such as the United Nations Collaborative Programme
on Reducing Emissions from Deforestation and Degradation in Developing Countries (UN-REDD
and REDD+). Our wetland group at NASA is investigating the use of multi-scale remote sensing
techniques coupled with ground measurements at various mangrove sites around the world including
Africa, Bangladesh and the United States. As part of these projects we have been working with local
governments, scientific institutions and international organizations such as the WWF, the UN-REDD
programme, USAID, and SilvaCarbon among others. The study areas of our case studies include
the mangrove forests of Mozambique in Africa, the Sundarbans in Bangladesh and the Everglades
National Park in the United States. To study the structure and health of the mangrove forests we
are using remote sensing data from airborne LiDAR (ALS) in conjunction with TanDEM-X (TDX) and
WorldView (WV) satellites to estimate canopy height. Our research strategy consists in using ALS to
upscale field estimates of biomass to a larger scale and enable validation of TDX and/or stereo WV
derived estimates of canopy height and biomass. This enable us to estimate and model above ground
biomass (AGB) as it has a proportional relationship with canopy height.

For Mozambique (Zambezi Delta), we are presenting results that include (1) the validation and
comparison of independent mangrove canopy height measurements from ALS, TDX and WV, (2) AGB
modeling and total AGB estimation using ALS data and field measurements. For the Sundarbans in
Bangladesh we show preliminary results of canopy height, AGB and below-ground biomass for the
largest continuous mangrove forest in the world. For the Everglades National Park in the United States
we presentresults of canopy heightand AGB estimation usinga combination of ALS, TDXand mangrove
allometry. Furthermore, we present results of AGB estimation using Terrestrial Laser Scanning (TLS) in
the Everglades. TLS is a tool that could help us reduce AGB uncertainty in the near future. In addition
to the findings of these case studies, we present preliminary results of mangrove growth rates using
a combination of Landsat data and canopy height data for test sites in Africa and Bangladesh. The
research of our wetland group is of upmost importance if a carbon monitoring system (CMS), such as
the proposed NASA CMS needs to be developed in blue carbon ecosystems for monitoring, reporting
and verification (MRV) activities.
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P-Band DInSAR time series of river bank erosions:
Preliminary results and comparisons with field
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Abstract

P-band differential interferometric (DINSAR) data were acquired from August 2015 until July 2016,
along 240km downstream from Santo Antonio Energia dam in Madeira River (Amazon Basin). The
objective is to measure and monitor erosions along the river banks, especially in forested areas,
with DINSAR. We present the processing methodology and time series analysis applied to this data
set. Preliminary field and radar measurements are compared in order to evaluate and validate the

proposed methodology.

Introduction

Differential synthetic aperture radar interferometry
(DINSAR) and further time series analysis are esta-
blished techniques and they have been applied suc-
cessfully to spaceborne remote sensing. Recently,
it has been demonstrated that airborne DInSAR at
L- or P-bands are able to deliver coherent dense-grid
of high-resolution measurements over vegetated te-
rrain along time, overcoming the limitations of spa-
ceborne DINSAR [de Macedo et al., 2012 ; Jones et
al, 2012]. Nowadays, further airborne DInSAR inves-
tigations and developments are being carried on at L
or P-band. This is because, the centimeter accuracy
and long-term coherence, which are achieved when
using these bands, are very appropriate to measure
processes such as erosion, sedimentation occurring
in forested areas [de Macedo and Wimmer, 2015]
and landslides [Delbridge, 2015]. This work investi-
gates how terrain movements associated with ero-
sions along vegetated river banks can be measured,
identified and monitored by P-band DInSAR.

Methodology

A sequence of 11 airborne SAR high-resolution ima-
ges at P-band were acquired from August 2015 until
July 2016, along 240km downstream from Santo An-
tonio Energia dam in Madeira River (Amazon Basin).
The P-band data were acquired and were processed
with the OrbiSAR airborne system, of Bradar, Brazil.
Details on the airborne DINSAR requirements and
processing can be found in de Macedo et al. [2012].

We conducted the field campaigns to measure the
terrain movements synchronized with the week of
the very first flight in order to guarantee the same
reference readings (to) for both field and SAR me-
asurements. Further readings occurred synchroni-
zed with the week of the second, fourth, seventh,
ninth and eleventh acquisition flights. The timese-
ries analysis applied to our interferometric data set
is based on the work published in de Macedo et al.
[2015]. The preliminary time series of the accumula-
ted terrain movements here presented are obtained
via the direct-integration.
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Results

Fig. 1 shows the DINSAR mosaic of the whole surve-
yed region in order to understand the magnitude,
location and area extesion of the terrain movements
seen by the radar. A ROI (region o interest) of the
surveyed area was selected. Fig. 2 shows the field
and DInSAR time series of the ROI, overlaid with the
X-band SAR amplitude and contour lines from the
X-band elevation model, obtained from the same
airborne sensor.

Both SAR and field measurements show that the te-
rrain is moving downwards. Fig. 2(j,I) show photos,
where a process of piping can be clearly identified.
Fig. 3 shows a preliminary statistical analysis over
95 field stakes. The scatterer plot shows that the co-
rrelation factor between the DINSAR and field mea-
surements is 0.28. Although weak, we can conclude
that there are correlation between the radar and
field measurements.

Reasons for the weak correlation are: (1) The field
measurements are pointwise, while the radar me-
asures the average movements within a resolution
cell of 2a7mxa1ym. (2) In field, we measure the vertical
movements and the planimetric movements relative
to the river banks, which is mostly oriented to the
East-West plane. While the radar, measures only in
the LOS (line-of-sight) direction, and are affected by
both horizontal and vertical movements within the
North-South Plane. Therefore, only the vertical mo-
vements are sensed by both the radar and field me-
asurements. (3) The assumed reference stable stake
for the field measurements, some times, are located
within the area of movement, as revealed by the

Fig. 1: DInSAR Mosaic (left) and corresponding
Google Earth® Imagery (right)
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DInSAR images in Fig. 2. In such cases, the field me-
asurements are possibly underestimating the move-
ments. (4) Its is important also to note the external
sources of interference in the radar measurements,
like soil moisture. Its is not fully understood up to
now, the degree of contribution of soil moisture in
the DINSAR measurements [Zwieback et al. 2015].

Conclusions

The preliminary conclusion is that the P-band DIn-
SAR is sensible and precise enough to detect and
track the terrain movements along river banks, such
the ones caused by erosion processes. This unique
data set comparison between DInSAR and field data
allowed us to gain knowledge about the accuracy
and sources of interference for movements sensed
at P-band in dense forested areas. Further impro-
vements in the processing chain, such as the gene-
ration of the redundant network of interferograms,
are being implemented.
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Fig. 2: DINSAR and field time series and photo of the geodynamic process.

Fig. 3: Preliminary radar vs.
field measurement compa-
risons
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Statistical correction of Lidar-Derived digital elevation models
with multispectral airborne imagery

Kevin J. Buffington, Oregon State University and US Geological Survey
Bruce D. Dugger, Oregon State University
Karen M. Thorne, US Geological Survey
JohnY. Takekawa, Audubon California

Vertically accurate digital elevation models (DEMs)
are necessary for studying low-slope ecosystems
and hydrology. The biogeomorphology of coastal
wetlands are largely controlled by tidal inundation;
as sea levels rise, accurate wetland DEMs are
critical for modeling into the future. Airborne
light detection and ranging (lidar) is a valuable
tool for collecting vast amounts of elevation data
across large areas; however, the limited ability to
penetrate dense vegetation with lidar increases
the vertical uncertainty. Methods to correct lidar-
derived elevation data exist, but a reliable method
that requires limited field work and maintains
spatial resolution is lacking. We present a novel
method, the Lidar Elevation Adjustment with NDVI
(LEAN), to statistically correct lidar digital elevation
models (DEMs) with vegetation indices (NDVI) from
multispectral airborne imagery (NAIP) and survey-
grade GPS measurements. Across 17 tidal marshes
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along the Pacific coast of the U.S., we achieved an
average root mean squared error of 0.072 m, with a
40-75% improvement in accuracy from the lidar bare
earth DEM. Results from our method compared
favorably with results from three other methods
(minimum-bin gridding, mean error correction, and
vegetation correction factors), and a power analysis
applied to our extensive GPS dataset (>17,000
ground points) showed that on average 118 points
were needed to calibrate a site-specific correction
model for tidal marshes along the Pacific coast. By
using readily available imagery and field surveys,
we found that lidar-derived DEMs can be adjusted
for greater vertical accuracy while maintaining high
(2 m) horizontal resolution. While developed in tidal
marshes, the LEAN model approach could be applied
to any ecosystem where vertical accuracy of DEMs is
important and survey-grade GPS measurements can
be collected.
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Abstract

We generated 8 land cover maps for the 2000-2014 period in Cauquenes and Purapel catchments,
located in Maule region’sinner dryland, Central Chile, to test for relations between landscape structural
and configurational changes and runoff coefficients at annual and seasonal scale at subcatchment
level. Overall accuracies ranged from 85% to 100%. A Spearman’s Correlation Matrix revealed several
positive and negative statistically significant correlations between landscape configuration and
structure metrics, suggesting that the landscape’s configurational and structural dynamic driven by
anthropic forestry management could have an impact in hydrological response at short term.

Introduction

South-central Chile inner dryland and coastal range
is a landscape composed of a matrix of extensive
industrial pine and eucalyptus plantations, degraded
shrubland and growingly fragmented native forests
patches, where industrial forestry has expanded
rapidly and intensively since mid-1970’s (Echeverria
et al., 2006). Today, this activity is the main driver
that triggers the landscape’s inner spatial dynamic,
driven by the short rotation period applied to
industrial plantations (10 to 20 years) (Armesto et
al., 2007). Several studies conducted in Chile and
elsewere have shown the effects that fast-growing
species plantations have on hydrological response
by analysing landscape composition, defined as the
total surface per land cover class, changes in the
long term (Leblanc et al. 2008, Little et al. 2009).

However, until now it’s unclear whether landscape
configurationdynamics, understood asthelandscape
patches arrangement and position changes over
time, in short term could have any significant effect
over hydrological response at subcatchment scale.
The main objective of this investigation is to test
for relations between landscape structural changes
and the hydrological response at two forested
catchments in coastal Maule region, Chile, between
2000 and 2014.

Methods

The study area is located in the inner dryland of
the Maule Region and comprises the Purapel (270
km?) and Cauquenes (619 km2) subcatchments,
both characterized by a pluvial hydrologic regime
and Mediterranean climate. Natural vegetation
consists of a mixture of deciduous Nothofagus forest
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and thorny schlerophyllous shrubs (Luebert and
Pliscoff, 2006), but in present days, the landscapes
is dominated by a matrix of fast-growing Pinus
radiata and Eucalyptus spp. plantations and isolated
fragment of native forests in remote places and
heavily degraded anthropogenic savannas in the
lower reaches (Echeverria et al. 2006, Van de Wouw
et al. 2011). Landscape composition for 2000-01,
2001-02, 2004-05, 2005-06, 2006-07, 2008-09, 2010-
11 and 2013-14 summer seasons was represented
using Landsat-derived land cover maps using the
Maximum Likelihood Classifier (MLC), including
a 1985-86 map as a reference situation. Six land
cover classes were established based on previous
field data: Agricultural-Meadows (A), Bare Soil
(BS), Industrial Plantations (P), Native Forest (NF),
Shrubland (SH) and Impervious land (I). 20 training
zones per class were defined per class through
Google Earth images interpretation and previous
field reference data. We used Landsat VNIR+SWIR
bands from the Landsat Climate Data Record
(CDR) plus 3 vegetation indices (Summer NDVI,
GNDVI and ANDVI ) to enhance spectral
separability among classes, and topographic
correction was applied with the C-Correction
method as proposed by Hantson and Chuvieco
(2011). Accuracy assessment was conducted with a
Confusion Matrix using 10 validation zones per land
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cover class for each date and study site. Landscape
configuration was represented through the land
cover's general position in the landscape using
a Topographic Position Index-based landscape
landform classification (Weiss, 2001) derived from
an SRTM 1-arcecond DEM. Hydrological response
was represented with the Runoff Coefficient (RC),
calculated as the ratio between accumulated rainfall
andrunoffatannual and seasonal (four-month) scale.
Finally, the existence of relationships between runoff
coefficients and landscape configuration features
was addressed using Spearman’s Correlation Matrix
with a significance level of o0.05.

Results and Discussion

Overall accuracies of the land cover maps ranged
from 85% to 100%, indicating a strong agreement
with the reference data. An intense land use/land
cover change process was observed in the 1985-2000
period in both catchments. In1985-86, the landscape
composition was dominated by a matrix of degraded
Shrubland and Bare Soil in both catchments, but
by 2000-01, it had changed significantly due to the
explosive expansion of Industrial Plantations, which
increased by 461% in Cauquenesand 680%in Purapel
(figure 1). Onthe other hand, Native Forest shrunk by
43% in Cauquenes and 53% in Purapel at an annual
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Fig.1: Land cover maps between 1985-2000-2015 in Cauquenes and Purapel catchments
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rate of -3.63% and -6.29%, respectively. In the 2000-
2014 period, the intensity of this process decreased,
being the dominant matrix a mixture of Industrial
Plantations and Shrubland (figure 1). In fact, no
significant trend in total surface was observed in any
land cover in both catchment in this period (figure
2), indicating that the landscape has stabilized in a
functioning state defined as Dynamic Equifinallity
by Patterson y Hoalst-Pullen (2011). An exception
was found in the case of Industrial Plantations in
Purapel, where a significant decrease in surface was
observed in this period due to extensive harvest
operations. Nevertheless, this specific land use has a
strong spatial persistence (Miranda et al. 2015) so it
is expected to increase in surface as trees grow older
and can be precisely classified by remote sensing
methods.

A negative and significant correlation was observed
between the surface of Industrial Plantations at

Cauquenes

T0%

Hillsidesandtheannualandautumnrunoffcoefficient
in Cauquenes (figure 3). CONAF (2011) indicated
that the majority of newly stablished industrial
plantationsin the study area between 1999 and 2008
were set in shrublands and abandoned cropland,
and in that sense, Farley et al. (2005) and Huber et
al. (2008), analysing the effects of replacing shrubs
and prairies with Pinus radiata over hydrological
cycle, reported a decrease runoff generation mainly
due to increase in interception, percolation and
evapotranspiration at local scale. The correlation
obeys to stochastic behaviour of plantations due to
the lack of integrated management at catchment
level, as can be seen by analysing the temporal
distribution of data in the correlation (figure 3).
This wasn't observed in Purapel because of the
significant reduction in this land cover’s surface due
to extensive harvests operations (figure 2).
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Conclusion

Statistically significant correlations were detected
at annual and seasonal scale in Cauquenes
subcatchmentand suggestthatthe landscape’sinner
configurational dynamic triggered by the extensive
and intensive forestry use could affect hydrological
response in the short term in the context of highly
anthropized landscapes. The investigation only
shows preliminary exploratory results, hence more
effort should be done to improve our knowledge
about the effect of landscape configuration in
hydrology in order to provide a sustainable use
of the territories by integrating this effect in the
management at catchment level.
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Large area tree species mapping in mixed temperate
forests from multi-temporal RapidEye satellite images
and LiDAR data.

Paul Magdon?, Collins Kukunda*, Hans Fuchs* and Christoph Kleinn*
*Chair of Forest Inventory and Remote Sensing, Georg-August University of Géttingen

Keywords: Forest management, multi-temporal, RapidEye, RandomForest

The importance of forests particularly in densely
populated areas of Central Europe has clearly
shifted from a pure source of timber, wood and
other tangible products towards a source of multiple
ecosystem services including water protection,
carbon sequestration, biodiversity preservation,
recreational functions, and also production of
wood. Close-to-nature forest management and
conservation practices have been developed
and adopted to manage forest lands sustainably
so that the long-term provision of this suite of
environmental, ecological and economic services
is secured, simultaneously on the same piece of
land. Current forest management emphasizes
specific silvicultural practices that include natural
regeneration, selective logging, dead wood
management, habitat tree conservation and
economic target tree identification. Consequently,
forest structure in many regions has changed away
from the traditional age-class forests towards
highly complex — closer to nature — forest stands
with trees of different species, ages/development
stages and dimensions. In order to implement these
management and conservation practices, as well as
to effectively monitor theirimpact on the ecosystem
services, high quality inventory data is essential.
Stand inventory approaches were so far based on
compartments as the basic spatial management
units, for which a homogenous forest structure was
assumed. However, with increasing complexity and
with more diverse silvicultural practices that focus
on individual trees instead of entire compartments,
new challenges arise for forest monitoring.
Remote sensing techniques can operationally
support the development of forest management
and conservation plans when the demanded
target variables can be observed or modelled with
sufficient accuracy. Tree species composition and

spatial distribution is among the fundamental
input information for forest management and
conservation planning and decisions in these close-
to-nature forest types.

In this study we research into the potential of
combining multi-temporal RapidEye satelliteimages
and LiDAR canopy height models (CHM) to create
maps of the main European tree species. We analyze
the seasonal changesin the spectral signatures of the
species in order to i) identify seasonal characteristics
that can be utilized to differentiate between the
species, ii) to identify the seasons /dates which
are most important for the discrimination and iii)
to evaluate the minimum number of acquisition
required per vegetation period.

This work is part of the DFG funded “Biodiversity
Exploratories” Priority Program, a large collaborative
research project that covers different forest types
across three regions (each ~1000km?) in Germany.
We base our analysis on 78 RapidEye L1B satellite
images collected between 2014 and 2015, which were
orthorectifiedwithahighqualitylocalelevationmodel
and a systematic set of field survey GCPs resultingina
subpixel accuracy of the image co-registration. Cloud
detection and atmospheric corrections were applied
using ATCOR software and in-situ spectral reflectance
measurements. The training dataset was compiled
from a full census of trees on 32 plots with a size of
one hectare each, where a total number of n=12,144
trees of 28 tree species were recorded in 2015. The
tree species information from the field observations
was merged with tree crown delineations derived
from the LiDAR CHM using seed growing and
watershed segmentation methods. From each of the
segments RapidEye pixels were extracted and fed
into a spectral signature database. Using graphical
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and statistical analysis methods we identify the
species specific characteristics and compare the
intra- and inter-species variation. Furthermore, we
research into the impact of the crown architecture
on spectral reflection by extracting 3D crown shapes
from the LiIDAR CHM. Doing so we wish to contribute
to the understanding of the sources of variability of
canopy reflectance measurements by separating
the signal variation into species specific variation
and variation caused by the crown structure. Finally,
non-parametric RandomForest models are trained to
produce tree species distribution maps for all three
regions. The validation of the maps is done with an
independent sample based forest inventory which
covers all three regions based with a randomly placed
systematic grid.

Given the large and systematic set of images,
training and validation data and the extent of the
study area, we assume that the results from this
study will contribute to the development of remote
sensing assisted forest monitoring systems of
highly complex mixed temperate forests, which
are urgently demanded by forest managers,
conservation planners and researchers.
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Remote Sensing Contributions to Indicators of Biological
Diversity in the U.S. National Report on Sustainable
Forests—2015
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Abstract:

Forest biological diversity contributes to human welfare through multiple ecosystem services. The
Montréal Process (MP) provides a standard international framework for assessing a set of criteria and
indicators (C&I) of the sustainability of temperate and boreal forest ecosystems and their ecological,
social, and economic components in twelve countries, including the United States. The National Report
onSustainable Forests—2015 relies on the MP C&I to organize and present data relevant to U.S. forests.
The first of seven criteria addressed in the 2015 Report is Conservation of Biological Diversity, which is
organized into nine indicators that address three sub-criteria: ecosystem diversity, species diversity,
and genetic diversity. The aim of this presentation is to report results for U.S. 2015 indicators of forest
conservation of biological diversity, with emphasis on remote sensing and geospatial contributions
and challenges.

Ecosystem diversity indices of U.S. forest land use, composition, and structure are based on national
forest inventory (NFI) field observations, post-stratified by satellite image-based land cover datasets
to increase estimate precision. Protected vegetation land cover classes are assessed by combining
30-m Landfire existing vegetation types with a protected areas geospatial database. Landscape
metrics of forest fragmentation are obtained from 30-m National Land Cover Databases of 2001 and
2011. Total area of forest land use increased by 14 million acres since the previous report. Timberland
area increased by 14 million acres in large diameter size classes and decreased by 7 million acres in
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medium and small diameter size classes. Woodlands (41%) and forest (31%) have a higher percentage
of area protected than other natural vegetation cover types (16%). Between 2001 and 2011, net loss of
interior forest cover varied from 7 to 20 percent depending on the landscape scale of measurement.

Indices of species and genetic diversity are based on national biological field inventories. Forest-
associated taxa showed a general increase in the proportion of possibly extinct or at-risk species since
2003. Greatest declines in number of forest bird species occurred in oak ecoregions of the southern
Appalachians, pine and northern hardwood ecoregions of the upper Midwest and Great Lakes, and
montane and arid high plains ecoregions in the intermountain West.

Declining populations and shrinking geographic ranges provide indirect indications of genetic diversity
loss. Between 1966 and 2011, about 19% of forest-associated bird species increased in populations
and 20% decreased; decliners include species associated with early successional or wetland habitats.
Ten percent of forest-associated species no longer fully occupy their former range; substantially higher
rates of range shrinkage occur for infraspecies than for species.

Harmonization across indices is challenging due to different definitions in remote sensing and field
inventory datasets, e.g., land cover versus land use. Understanding the interaction among indicators
and the potential causes of indicator dynamics will necessarily involve linking indicators spatially
and exploring patterns of covariation. Indicators derived from traditional on-the-ground surveys
(e.g., species richness, species imperilment) could be modeled using indicators of habitat that are
traditionally derived from remotely sensed imagery (e.g., area, configuration, and composition of land
uses and land cover).
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Potential of using data assimilation to support forest planning

Rami Saad, Peichen Gong, Tomas Ldmas and Gdran Stahl

Keywords: uncertainty; suboptimal loss; remote sensing; combining data; Bayesian statistics.

Abstract

Uncertainty in forest information typically results in economic losses in addition to other losses as a
consequence of suboptimal management decisions. Several techniques have been proposed to handle
such uncertainties; however, these techniques are often complex and costly. Data assimilation (DA) has
recently been advocated as a tool which may reduce the uncertainty and thereby reduce complexity
in implementing techniques to handle uncertainty in forest planning. It offers an opportunity to
make use of all new sources of information in a systematic way, and thus provide accurate and up-to-
date information to forest planning. New remote sensing techniques can deliver information about
forest stands with short intervals at low cost; DA offers a unified framework to make use of these
new sources of forest information. In this study we review the literature on handling uncertainties in
forest planning as well as related literature from other scientific fields in order to assess the potential
benefits of using DA in forest planning. We identify five major potential benefits: (/) The accuracy of
the information will be improved, (i) The information will be kept up-to-date, (iii) The DA procedure
will provide information with known accuracy, (iv) Bayesian decision making can be applied, whereby
the accuracy of the information can be utilized in the decision making process and (v) DA data and
Bayesian decision making allow for the analysis of optimal data acquisition decisions.
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Use of remotely sensed data to spatially predict optimal final
stand density, value and the economic feasibility of pruning
for even age plantation forests

Michael S Watt?, Mark O Kimberley?, Jonathan P Dash?, Duncan Harrison?
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Keywords: 300 Index; LiDAR; productivity surfaces; pruning; radiata pine; Site Index; stocking

Two of the key end-uses for which forest plantations
are grown are clearwood timber, in which the lower
branches of the trees are removed (pruned) and
structural grade timberinwhich treesare not pruned.
Forest managersin many plantation growing regions
havetodeterminetherelative profitability of growing
for clearwood or structural grade to ascertain
whether pruning will be cost effective. Regardless of
the regime chosen managers also need to determine
the final crop stand density (Sopt) that will maximise
value. Using a comprehensive series of simulations
extracted from a New Zealand growth model for
Pinus radiata a model of optimal Soptthat maximises
the volume and value of clearwood and structural
grade regimes was developed. At its core this model
uses either GIS surfaces, satellite imagery or LiDAR
data to predict two site productivity indices (Site
Index, 300 Index) which in turn are used to spatially
predict S, Using log prices over the last 21 years
the model was used to spatially predict variation
inS,, for New Zealand’s largest plantation forest
(Kaingaroa Forest) and throughout New Zealand.
The model was also used to predict the relative value
of clearwood vs. structural regimes, through time.

Of the three remotely sensed data sources LiDAR
data most accurately predicted both Site Index and
300 Index and the final models had respective R?
values of 0.88 and 0.79. The wide predicted variation
NS, for Kaingaroa forest and at the national level
was clearly a function of the two productivity indices
300 Index and Site Index. For all three regimes the
highest values of Sopt (ca. 5oo — 700 stems ha-1) were
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found on sites with high 300 Index (high volume) and
low to moderate Site Index ( moderate height). The
lowest stand densities (ca. 200 — 300 stems ha-1)
were found on sites with low to moderate 300 Index
and moderate to high Site Index. Mean predicted
Sopt for the existing plantation resource within New
Zealand was 603 stems ha-1 for the structural regime
and 569 and 449 stems ha-1, for the two clearwood
regimes, that, respectively, targeted production of
small and large diameter pruned log.

Temporal analyses show pruning profitability has
declined markedly over the last two decades in New
Zealand primarily in response to reductions in the
pruned log premium. Spatial analyses show pruning
to be profitable within at least 95% of plantations
using values from 1995-2000 and unprofitable within
at least 95% of plantations using values from 2011-
2015. The most profitable areas for pruning were
found to be located in regions where 300 Index
ranges from moderate to high and Site Index is
relatively low.

This research clearly shows an application of
precision forestry that can use LiDAR or satellite
imagery to guide management operations at
both broad spatial scale and fine resolution. The
application of the presented model suggests there
is considerable scope for increasing plantation
value through optimising 5 by site to values that
are higher than those generically prescribed and
highlighting sites where pruning is likely to be most
profitable.
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Comparing Generalized Linear Models and random forest to
model vascular plant species richness using LIDAR data in a
natural forest in central Chile
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Biodiversity is an essential element of the Earth
system, related to many important ecosystem
services. Cost-efficient and precise monitoring
systems are needed to support the conservation of
biodiversity in a quickly changing world. Here, we
tested the suitability of airborne discrete-return
LiDAR data for estimating vascular plant species
richness of second growth native forest ecosystems
in central Chile. We modelled the vascular plant
richness of four layers (total, tree, shrub and herb
richness) using twelve LiDAR-derived variables.
As species richness values are typically non-
normally distributed count data, the corresponding
asymmetry and heteroscedasticity in the error
distribution has to be considered. We therefore
compared the suitability of random forest (RF) and
a Generalized Linear Model (GLM) with a negative
binomial error distribution. In both cases, a feature
selection to identify the most relevant LiDAR
predictors was applied as a first step. In both model
types, the three most important predictors for all
four layers were altitude above sea level, standard
deviation of slope and mean canopy height.
This agreed with our preconception of LiDAR's
suitability for estimating species richness which we
hypothesized to be its capacity to capture three
types of information: micro-topographical, macro-
topographical and canopy structural. Generalized

Linear Models showed higher performances (r
0.66, 0.50, 0.52, 0.50; NRMSE: 16.29%, 19.08%,
17.89%, 21.31% for total, tree, shrub and herb
richness respectively) than RF (r*: 0.55, 0.33, 0.45,
0.46; NRMSE: 18.30%, 21.90%, 18.95%, 21.00% for
total, tree, shrub and herb richness, respectively).
In addition, the best GLM models were more
parsimonious (three predictors) and less biased than
the best RF models (twelve predictors). We explain
this with the mentioned non-symmetric error
distribution of the species richness values, which RF
could not capture properly.

From an ecological perspective, the predicted
diversity maps agreed well with the known
vegetation composition of the area. High species
numbers were found at low elevations and along
riversides. Inthese areas, overlappingdistributions of
thermophile sclerophyllos species, water demanding
Valdivian evergreen species and species growing in
Nothofagus obliqua forests occur. Our three main
conclusions were: 1) appropriate model selection
is important when working with biodiversity count
data; 2) RF has troubles when applied to data with
non-symmetric error distributions; and 3) structural
and topographic information derived from LiDAR
data is useful for predicting local plant species
richness.
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Detection of low density natural forest in the Andes region
using LANDSAT 8 imagery
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Abstract

Andean ecosystems in South-America are among the most diverse and threatened ecosystems in the
world. Due to a long history of exploitation that still continues, the remaining natural forests in the
Andes region are relict tree populations in inaccessible locations and open forests with low density of
individuals. From the perspective of forest conservation, the detection via remote sensing techniques
of such low density forests in large areas with freely available medium resolution satellite data
constitutes a challenge.

This study aims to evaluate the detection of Andean natural forests by remote sensing techniques
according to forest density using LANDSAT 8 satellite data, and to determine the most effective
detection variables.

The selected study area is the department of Cuzco (Peru). Field data on Andean forest condition was
gathered by plotless sampling survey in several locations and the forest stand density was calculated.
Low density forest was defined at different values for testing purposes. Next, spectral separability
tests between low density forest and other land cover classes were carried out using the mean values
of reflectance, vegetation indexes and other factors estimated via PCA and Tasseled cup analysis.
Finally, a land cover classification is carried out using the variables with better separability results and
the accuracy of classification is calculated.
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Effect of lidar pulse density on the prediction of aboveground
biomass change in Brazilian Amazon Rainforest
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Tropical forests are an important component of
global carbon stocks, but the response of tropical
forest biomass to climate is not sufficiently studied
or understood. Airborne lidar (Light Detection and
Ranging) is well suited for quantifying tropical forest
carbon stocks, however trade-offs exist between
lidar pulse density and acquisition cost. Our objective
was thus to evaluate the effect of lidar pulse density
on aboveground biomass (AGB) change prediction
using airborne lidar and field plot data in a tropical

12 pulses m? 1o

rain forest located near Paragominas, Para, Brazil.
Forest attributes such as tree density and diameter
at breast height were measured in 84 square field
plots of soxsom in 2014. Using previously published
allometric equations, tree AGB was computed
and then summed to calculate total AGB at each
sample plot. The lidar data were acquired 2012
and 2014, and for each dataset the pulse density
was downscaled from its original density to lower
densities of 12, 10, 8, 6, 4, 2, 1, 0.8, 0.6, 0.4 and 0.2

Figure 1. Lidar point cloud by target pulse density. The 3d points are coloured by height.
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pulses/m?. The effect of pulse density on the AGBC
prediction was evaluated under two scenarios i) lidar
data both from 2012 and 2014 were normalized to
height-aboveground using the DTMs created from
each density dataset; and ii) To simulate the effect
on subsequent acquisition, the DTM generated
at highest pulse density (12 pulse/m?) from 2012
was used to normalize height-aboveground for
downscaled lidar datasets both from 2012 and 2014.
For both scenario, we clipped the point cloud into
the sample plots to compute mean canopy height
(MCH). A power model was used to model AGB from
MCH in 2014, and to predict AGB for 2012 and 2014.
Leave-one out cross validation was applied and the
models were assessed according to the coefficient of
determination (R?), relative root mean square error
(RMSE, %) and Bias (%). The AGB change was then
computed as the difference between AGB predicted
from 2012 and 2014. To achieve consistent results;
we repeated all procedures 30 times. Our findings
showed that for both scenarios the AGB change
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prediction was only slightly affected by pulse density.
For models in scenario 1, the mean RMSE and Bias
slightly increased from 15.01 to 15.99%, 0.09 to
0.16% and the R2 slightly decreased 0.75 to 0.72 as
pulse density decreased from 12 to 0.2 pulses/m2.
For scenario 2 the mean RMSE (%) increase from
14.91 to 15.20%, the Bias (%) stayed constant at
0.09, and the R* decreased from 0.76 to 0.75 as pulse
density decreased as well. Moreover, as pulse density
decreased from 12 to 0.2 pulses/m?, the mean AGB
change prediction across sample plots slightly
decreased from 4.22 to 3.84 Mg/ha and from 6.12 to
5.82 Mg/ha, for scenario 1 and 2, respectively. This
study showed that a DTM generated from either low
or high pulse density lidar can be used to normalize
height aboveground for predicting AGB changes in
tropical forest. We therefore, we conclude that there
is good potential to monitor carbon pools in Brazilian
Tropical Rain Forest using airborne lidar data with
low pulse density.
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Estimating of the leaf area index in a forest fragment of
mixed ombrophilous forest in Brazil, using remote sensing
techniques
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1PhD student, Federal University of Parand, Department of Forest Engineering — Curitiba, Parana state, Brazil
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The leaf area index (LAI) is considered as a
component of the most sensitive part in forest
structure, because the canopy leaves regulate
the fundamental processes in forest productivity.
This study was conducted to estimate the leaf
area index, in a fragment of Mixed Ombrophilous
Forest, located in Sao Jodo do Triunfo, Parana
state, Brazil, using remote sensing techniques. The
LAl was generated from orbital images of Pleiades
sensor, based on the relationship between some
vegetation indices tested in this work. First, the
orbital images were corrected for atmospheric and
radiometric distortion, then two vegetation indices
(VI) NDVI and SAVI were generated. The vegetation
indices were used to test the models proposed in
the literature by the Manual for the Energy balance
algorithms of the earth’s surface (SEBAL, 2002) that
uses the IV SAVI and Duchemin (2006) using the IV
NDVI. In addition, 312 samples were distributed in
the study area, where the LAl was estimated from
the terrestrial sensor IC-110 Plant Canopy Analyzer,
considered the real value as control. The data
obtained by the remote sensing techniques were
correlated with the data obtained from the field,
using the Pearson’s correlation coefficient. The VI
NDVI present a correlation with the control of r =
0.32, and the SAVI presented a correlation of r = 0.78.
It was observed that the model proposed by SEBAL
(SAVI) was highly correlated with the control data (r
=0.66). However, the model proposed by Duchemin
(NDVI) did not present correlation (r = 0.23), so is
considered inefficient to estimate LAl in the Mixed
Ombrophilous Forest. In addition, both models
presented an underestimation compared to the real
value. The LAl estimated by terrestrial and orbital

sensors presented an ample variability among the
data, a factor possibly related to species diversity,
a characteristic of native forests. Among of these
variations, it was possible to identify the different
canopies in these models, so the pixels with the
highest values of the LAl correspond to the area with
a predominance of hardwoods. The remote sensing
techniques and the images of the Pleiades sensor
performed well to estimate the leaf area index in the
forest fragment of Mixed Ombrophilous Forest.
Keywords: Araucaria Forest; Pleiades; Cl-110 Plant
Canopy Analyzer;

Introduction

Woodgate et al. (2015) considers that leaf area index
(LAlisaprimarydescriptorofvegetationstructureand
isan essential climatic variable. Itis considered as part
of the most sensitive structure of the forest, because
canopy leaves regulate some ecophysiological
processes, such as photosynthesis and transpiration,
which are considered as fundamental elements of
forest productivity (LARCHER, 2004; BAMBI, 2007).
There are many feasible methods and equipment for
the non-destructive estimation of leaf area index and
photosynthetically active radiation, so that isolated
tree, planting, direct biometric measurements of
leaves or indirect measurements can be considered
using regression models based on branches, trunks
Or productivity in general (Guimaraes et al., 2013).
The two main methods of estimation of leaf area
index through remote sensing are based on the
empirical relationship between vegetation indexes
and LAIl, or between models of radiation transfer
using passive sensors or neural networks (MA, 2014).
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The objective of this study was to test sensing
techniques to estimate leaf area index in a fragment
of the Mixed Ombrophilous Forest in the state of
Parana, Brazil.

Methodology

The study was carried out at the Rudi Arno Seitz
Experimental Station of the Federal University of
Parana, located in the city of Sdo Joao do Triunfo,
in the Center-South Region of the state of Parana,
Brazil. 312 sample points were distributed in the
study area, where the LAITERRESTRIAL was
estimated from the Cl-110 Plant Canopy Analyzer
sensor, considered as field truth (witnesses). The
Cl-110 Plant Canopy Analyzer is a passive ground
sensor, used to measure the amount of incident
solar radiation in the visible spectrum. According
to Meyer Junior (2014) the Cl-110 is composed of a
rod with 24 sensors, and at the tip of the rod, is the
fish eye lens that allows to calculate the LAI, the
coefficient of transmission for penetration Diffuse,
the canopy opening index, the average leaf angle
and the canopy extinction coefficient.

LAIORBITAL was estimated through vegetation
indices, which are mathematical formulas developed
to evaluate the vegetation cover qualitatively
and quantitatively, using spectral measurements.
Atmospheric and radiometric correction of the
image of the Pléiades sensor was performed, and
the NDVI and SAVI vegetation indices were tested,
which subsidized the LAIORBITAL estimation tests
by the models of SEBAL (2002) and Duchemin
(2006).

The Pearson correlation analysis was performed
between the leaf area index obtained from the Cl-
110 Plant Canopy Analyzer (LAITERRESTRIAL),
considered as field truth and obtained from the
orbital image (LAIORBITAL).

Results

The data obtained through the techniques of Remote
Sensing were correlated with the data obtained in
the field through the Pearson correlation coefficient.
The value of the leaf area index for the Mixed
Ombrophilous Forest fragment obtained in this
study ranged from 6.01 to 8.01. The value of leaf
area index for forests, as presented in the literature,
varies from o.40 for a low density of individuals and
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16.9 for old stands. The highest values reported are
for conifers, with maximum values between 6 and §,
for deciduous forests (JONCKHEERE et al., 2004).
Regarding the correlation of the vegetation indices
with the field truth, the NDVI presented r = 0.32, the
SAVI presented the correlation r = 0.78. Although
several studies have demonstrated the functionality
of NDVI in estimating vegetation properties, many
atmospheric influences and vegetation itself restrict
theiruseglobally. Thus, improvedindexes, suchasEVI
and SAVI, incorporate an adjustment factor for soils
or atmospheric conditions, generating by-products
thathave agreaterreliability related tothe field truth.
It was found that the model proposed by SEBAL
(SAVI) presented a high correlation with the field
truth (r = 0.66). However, the model proposed by
Duchemin (NDVI) showed no correlation (r = 0.23),
being considered inefficient for the estimation of
LAl'in Mixed Ombrophilous Forest. In addition, both
models presented an underestimation of the truth
of the field. The LAl estimated by the terrestrial
and orbital sensors showed a great variability
between the data, a factor that may be related to
the diversity of species, characteristic of native
forests. Among these variations, it was possible
to identify the different canopies in these models,
so that the pixels with the highest LAI values
correspond to the predominantly hardwood area.
As in the LAl estimated through the Cl-110
equipment, the LAl values generated by the orbital
method also presented a great variability between
the plots. This factor may be related to the different
forest dykes predominant in the Rudi Arno Seitz
Station.

Conclusion

Remote Sensing techniques and the images
of the Pleiades sensor presented a good
performance to estimate the leaf area index
in a Mixed Ombrophilous Forest Fragment.
The SEBAL and Duchemin models presented an
underestimation of the field truth, but the SEBAL
model was considered efficient due to the strong
correlation with the control.
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Abstract

Nowadays Araucaria Forest is highly fragmented and disconnected, which gives it great susceptibility
and an extreme risk of biodiversity loss. However, just few studies have tried to establishing their
actual ecological vulnerability using landscape metrics and indices. Thus, we asked: What is the
current ecological vulnerability degree of the Araucaria Forest? And what is the distribution pattern
of forest patches? To answer these questions, we choose the southeast region of Parana State as
study case. The region showed around 15,000 ha of deforestation identified between of 2000 to
2010. The pattern distribution of forest patches was calculated through landscape metrics, whereas
the ecological vulnerability degree was assessed by interpreting results. The results suggest higher
ecological vulnerability on this region due to its highly fragmented landscape. The region contains
90% of forest patches less than 100 ha area, isolated in mean at more than 1.7 km and only 7% of the

remaining forest is under protection.

Introduction

Araucaria forest is one of the seven
phytophysiognomies of the Atlantic forest - the
luxurious forest of the Brazilian coast. As occurred
throughout the Atlantic Forest, Araucaria forest
was extensively explored not only due to the high
value of the Brazilian Pine, but also to give place
to agriculture lands, pastures and recently forestry
(HIGUCHI et al. 2012). Nowadays, the remaining
forest is susceptible and fragmented. For instance,
some researchers estimate their actual covering
lying between 10 to 20% of the original forest cover
(GALINDO-LEAL & CAMARA, 2003; RIBEIRO et al.
2009; IESB et al. 2007).

The loss of forest has serious impact on the
ecosystem, such as biodiversity decline, habitat
loss, fragmentation and decreasing environmental
condition as water quality and soil fertility
(GALINDO-LEAL & CAMARA, 2003; RIBEIRO et
al. 2009). The fragmentation extent, including
variations in connectivity (distance between forest
patches), is an important factor to assessing the

300

state of ecological vulnerability of an ecosystem. So,
the impact of deforestation and its fragmentation
may be indirectly measured by landscape metrics,
as number and area of forest patches, connectivity
between them, and other useful landscape metrics
(TURNER, 1989).

In this context, the ecological vulnerability degree
of an ecosystem is given by its exposure, sensitivity
and resilience (FORMAN & GODRON, 1986). The
exposure is related to the structure of the forest
as size of fragments and edge effects. Sensitivity
is related to the ecosystem function such as
interactions among plants and animals or trophic
chains and finally, the resilience can be associated to
the environment changes, i.e., the ability of forest to
return to the previous state (UUEMAA et al. 2013).
Thus, a small change in one of them may increase
the vulnerability of the whole forest ecosystem.

In this way we ask: what is the current ecological
vulnerability degree of the remaining Araucaria
Forest? And what is the pattern distribution of forest
patches?
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Methodology

The study area comprises a Southeast region of
Parana State, Brazil, as a study case (Figure 1). The
original forest cover of Araucaria Forest was 78% of
SE region (~17,000km?), and remainder of Deciduous
forest (20%) and Grasslands (2%) (IPARDES, 2004).
The main species of Araucaria forest is the emergent
Brazilian pine (Araucaria angustifolia Bertz. O. Ktze),
co-occurring with other broadleaf species as Ocotea
porosa (Mez.) L. Barroso, llex paraguariensis St.
Hil, Cedrela fissilis and members of Lauraceae and
Myrtaceae (STEFENON, 2009).

Dataset

Forest patches of 2000 and 2010 were downloaded
from SOS Mata Atlantica/INPE, (2010) in shapefile
format. The polygons were converted to reference
system WGS84 and reprojected to coordinate
system UTM Zone 22 South. Scale format was
1:50000 meaning that the smallest forest patches
< 5 ha were not computed. Conservation Units
(CU) areas were obtained in shapefile format from
Ministry of Environment in scale 1:250000, datum
WGS84, (www.icmbio.gov.br; ICMBIO, 2013). Rivers
channels were downloaded from Institute of Land,
Cartography and Geosciences of Parana (www.itcg.
pr.gov.br; ITCG/PR, 2010).

Ecological Vulnerability of Araucaria
Forest

In order to evaluate the current ecological
vulnerability of the remaining of Araucaria Forest,

Fawrd Tl

we applied some landscape metrics to the structure,
shape and connectivity of the forest patches
(RIBEIRO et al. 2009). Forest cover data and metrics
were computed in ArcGIS 9.3, Patch Analyst 5.0
(REMPEL et al., 2012).

Major landscape metrics chosen were: patch size,
structural connectivity, shape index, mean isolation,
distance to Conservation Units and distance to river
channel (Table 1). We utilize the multiscale approach
to assess the landscape metrics. In this approach,
each metric will be separated in class rules.

The distribution of the fragments into size classes
allows us to measure a forest cover in each of the
classes and their distribution in the total area. The
shape index refers to the complexity of the shape
of the fragments. Shape index assumes value one
for geometric forms and values greater than one for
more irregular and complex shapes. This parameter
is very useful, because more irregular forms tend to
have a greater edge effect, which may be limiting for
a survival of some species (UUEMAA et al., 2013). In
structural connectivity we interested of “probable”
distance to find a given fragment size class.

In mean isolation, the smallest forest patches are
successively removed from analysis to estimate the
minimum distance of a random point to the nearest
forest patch (RIBEIRO et al. 2009). This index is used
to infer the importance of small fragments in the
landscape and its connectivity to larger forested
areas (stepping stones).
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Figure 1. Location of Southeast region of Parana State, Brazil. In detail, relative coverage of forest for each
municipality area, and forest losses and growth from 2000 to 2010.
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Table 1. Major landscape metrics applied to assess the ecological vulnerability degree of Araucaria Forest.

Index Description

Class rules

Number of forest patches
and percentage of forest co-
ver for different size classes

Patch size

Patch size classes: 0-50ha; 50-100ha; 100-250ha; 250-
5ooha; 500-1000ha; 1000-2500ha; 2500-5000ha; >5000ha

Mean area of interconnected
forest patches considering
minimum distance classes

Structural Connectivity

Linkage distances: 0-200m; 200-500m; 500-900M; 900-
1400M; 1400-2000M; 2000-2700M

Shape index Shape index per forest pat-
ches size. Closer to one more

geometric is its shape

Patch size classes: 0-50ha; 5o-100ha; 100-250h3; 250-
5ooha; 500-1000ha; 1000-2500ha; 2500-5000ha; >5000ha

Mean isolation of random

points to the nearest forest
patch. To evaluate isolation
the smallest forest patches
were successively removed

Mean isolation

Size of forest patches removed: 0-50ha; 50-100h3; 100-
250ha; 250-500h3a; 500-1000ha; 1000-2500h3;

Distance to CU Minimum distance of any
forest patch to the nearest

Conservation Unit

Distance class: om (inside CU); o-500m; 5000-1000m;
1.000-2.000M; 2.000-5.000M; 5.000-10.000M; 10.000-
20.000M; 20.000-50.000M; >50.000M

Minimum distance of any
forest patch to the nearest
river channel

Distance to rivers

Distance class: om (touch the river channel); o-5om; 5o-
100M; 100-250M; 250-500M); 500-1000M; 1000-2500M);
>2500mM

Results and Discussions

Remaining forest cover of SE region is 17.5 % and
9% of Araucaria Forest estimated by Ribeiro et al.
(2009). The Figure 2 shows the relative distribution
of forest patches by number and area against size
class, respectively, and the minimum distance of any
forest patch to the nearest river channel by distance
classes. We can see that 76% of forest patches
have less than de 5o ha area, but it represents only
26% of the forested area (Fig. 2a). The largest

100%
80%
60%
40%
20%

0%

% Class

1123|456 |78
%N T7%|14%| 7% | 2% | 1% | 0% | 0% | 0%
% Area |26% |17%(17%|10%| 8% | 6% | 8% | 8% b)

a)

forest fragments are located in the CU of Serra da
Esperanca (A > 5000 ha), between the municipalities
of Cruz Machado, Mallet and Unido da Vitoria,
corresponding to 8% of remaining forest area (Fig.
2a).

We also noticed that 36% of forest patches are
distant less than 5o m of any channel river, but its
represents only 6 % of forest area (Fig. 2b). This
situation is worrying because the areas close to the
rivers are protected by law and are a refuge of the
wild allowing the flow of plants and animals.

40%
30%
20%

% Class

10%

0
0% 11234 5|6 |78

% N 37%)| 5% | 5% |13%)|14%)| 16%| 9% | 0%
% Area | 6% | 1% | 2% | 5% | 9% |18%|37%|21%

Figure 2. a) Distribution of forest patches by frequency and area by size classes: (1) 0-50ha; (2) 50-100hg; (3)
100-250h3; (4) 250-500h3; (5) 500-1000h3; (6) 1000-2500h3; (7) 2500-5000h3; (8) >5000ha. b) Distance (m) of
any forest patch to the nearest river channel by relative frequency and area by distance classes: (1) om (touch
the river channel); (2) o-5om; (3) 50-100m; (4) 100-250M; (5) 250-500M; (6) 500-1000M; (7) 1000-2500M;(8)

>2500M.
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Figure 3.a) Meanisolation (m) of forest patches by size class (ha); mean distance (m) of structural connectivity
among forest patches with the same size class, and shape index (unitless) by size class (ha). Size classes: (1)
0-50 ha; (2) 50-100 ha; (3) 200-250 ha; (4) 250-500 ha; (5) 500-1000 ha; (6) 1000-2500 ha; (7) 2500-5000 ha e
(8) >5000 ha. b) Minimum distance to of any forest patch to the nearest Conservation Unit by frequency and
area by distance class: (1) om (inside CU); (2) 0-500m; (3) 5000-1000m; (4) 1.000-2.000M; (5) 2.000-5.000M;
(6) 5.000-10.000mM; (7) 10.000-20.000M; (8) 20.000-50.000M; (9) >50.000m. Continuous line refers to mean

area (ha) of forest patch by distance class.

Figure 3a presents mean isolation, strutural
connectivity and shape index by size of forest
patches. The mean isolation between a random
point to any forest patch was more than 170om. If
the smallest patches were lost the average isolation
would raise exponentially. Structural connectivity
between forest patches with less than 5o ha was
calculated in 933 meters. As expected, small forest
patches are squared while biggest ones showed
more complex shapes (Fig. 3a).

The size, shape, proximity and isolation affects
directly the structure, function and biodiversity
of the remaining forest (GALINDO LEAL, 2003).
Small forest patches reduce diversity of birds
(ANJOS, 2001), tree species (SCHESSL et al. 2008)
and specially great mammals (CHIARELLO, 1999).
Considering the isolation and level of fragmentation,
species less generalist and with greater need of area
are the first to disappear (PARDINI et al., 2009).

The isolation of species due to fragmentation has
also negative effect to genetic conservation of
Araucaria angustifolia by increasing the endogamic
reproduction (STEFENON et al. 2009). Small forest
patches are not able to provide the self-reproduction
of individuals of Brazilian Pine, suggesting that the
colonization of border areas or abandoned areas
may not be sufficient for the conservation of this
important forest species (SOUZA et al. 2008).

In relation to the minimum distance to Conservation
Units, 5.75 % of remaining forests are contained in
any CU (7% of forest area), it means they are under
protection. The mean area size under protection is

only 71 ha (Figure 3b). These circa 6% of protection
is below the recommended 10% that must be
necessary to hotspots conservation by Secretariat
of the Convention on Biological Diversity (2002).
On this scenario, the creation of new CUs should be
priority to reduce the losses of biodiversity.

Conclusions

The Araucaria forest is highly fragmented and
susceptible: 91% of their fragments have less than
100 ha area; they are isolated in mean to 1.7km
and structural connectivity between forest patches
are above goo m. Nevertheless, the Southeast of
Parana State has still 177% of original forest cover;
7% of which are inside of Conservation Units. The
major challenge is connect the forest patches with
ecological corridors and above all connect them with
river channels (only 6 % of patches are less than 5o
m of any river stream) combining the protection
of water sources with the possibility of animal
movement in these areas.
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Terrestrial lidar scanners (TLS), which utilize
light detection and ranging (lidar) to create 3D
representations of environments, are increasingly
being used to capture properties of interest, such
as tree volume for deriving biomass, in a variety of
ecosystems. Tropical ecosystems present particular
challenges to TLS observation. The high level of
geometric complexity and the vertical stratification
of tropical forests creates complex occlusion, and
the inaccessibility, difficult weather conditions and
other deployment constraints limit observation
opportunities. TLS optimized for scanning speed,
portability and resilience, such as the Compact
Biomass Lidar (CBL, University of Massachusetts
Boston) can be used to meet these challenges and
facilitate high quality TLS observation of tropical
forests over meaningful spatial extents. The rapid
(33 second) scans permit a large number of scan
positions to be acquired in a single acquisition effort,

in order to mitigate occlusion. The light weight
(3.6kg) of the instrument enables deployment on an
11 meter high tripod, which facilitates sampling at
multiple heights at each scanning location.

Herein we present results from TLS observations of
a long-term CARBONO site at La Selva Biological
Station, Costa Rica. These data have been explored
through novel analysis techniques to describe forest
structure, as well as describe the TLS observation
density and quality. Occlusion patternsare described,
andusedtoinfersamplingtechniquesthatwill further
improve observation quality. The contribution of
scans of different heights reveal that vertical scan
positions offer not only unoccluded observations
above the sub-canopy but also provide unique
information about the sub-canopy due to the
complexity of view-angles possible in the tropical
environment.
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Mapping forest degradation in the Valdivian Temperate
Rainforest ecorregion
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Governments have committed to mitigate climate
change by reducing forest deforestation and
degradation. In developing regions such as southern
South America, where large tracks of primary
forests still exist, this task is increasingly needed,
as people subsistence demands the use of intact
forests. However, there is a knowledge gap on 1)
where primary forests are located and 2) where
forest degradation is occurring. Such information is
necessary to support decision making for planning
forest management. Here, we present an approach
for mapping degradation of primary forests in
the Valdivian Temperate Rainforest ecorregion
in south-central Chile (39-40°S). We based our
analysis on forest gap structure of primary forests
using 1) ground-based sampling, 2) automatized
identification of gaps using high-resolution satellite
images, and 3) upscaling gaps metrics to regional
scale using lower resolution Landsat images. We
used sub-metric satellite images (50 cm) from
four study sites representing primary forests.

306

We segmented the panchromatic band using the
Mean-Shift algorithm. We then calculated the
Enhanced Vegetation Index (EVI) for each segment
and classifyied segments with low EVI as potential
gaps. We calculated area of segments distinguished
as gaps for each forests. Gap segmentation had an
average of 78% concordance with gaps identified
in the field. We found a good relation between gap
areas estimated from high resolution images to
vegetation index obtained from Landsat-8 images
allowing us to map the location of forests with low
gap areas (i.e. low degradation). Intact forests often
had lower gap frequency (e.g. gap area <10% of total
forest area). Our analyses suggest that 57.3% of old-
growth forests in the study area have some degree of
degradation. We propose that primary forests have
a canopy structure that make them distinghishable
from degraded old-growth forests. Our work is a
step forward towards monitoring forests at large
spatial scales and a contribution for lowering forest
degradation in developing countries.
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Modeling aboveground biomass from individual tree
LiDAR-derived metrics in tropical forest
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“USDA Forest Service, International Institute of Tropical Forestry, San Juan, PR, 00926, USA
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Tropical forest play an important role in mitigating
global warming. Airborne LiDAR (Light Detection
and Ranging) has been used to predict aboveground
biomass in tropical forest. However, few studies
have modeling and predicting tropical forest AGB
at plot-level from individual tree LiDAR-derived
metrics. The aim of this study was to model and
predict AGB at plot-level from individual tree
LiDAR-derived metrics in a Brazilian tropical forest.
Forest attributes such as tree density and diameter
at breast height were measured in 2014 at 84

A)

g i

P

square plots of soxsom located in Paragominas,
Para, Brazil. Using previously published allometric
equations, tree AGB was computed and then
summed to calculate total AGB at each sample plot
(TAGB). The LiDAR data also acquired in 2014 were
normalized to height aboveground, and individual
trees were detected using the Adaptive Mean Shift
3D (AMS3D) algorithm. Individual tree metrics,
such as height (TH), crow length (CL), crown radius
(CRd), crown ratio (CRt), crown based height (CBH),
crown projected area (CPA) and crown volume (CV),
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Figure 1. LIDAR point cloud with colour coded by height A) and tree id derived from individual tree detection B);
Virtual Forest representation with trees colours coded by a single colour C) and by height D).
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were calculated to each single tree using the rLiDAR
package, and summarized at plot-level as maximum
tree height (MAXTH), mean tree height (MEANTH),
mean crown length (MCL), mean crown radius
(MCRd), mean crown ratio (MCRr), mean crown
based height (MCBH), total crown volume (TCV),
and total projected area (TPA). Regression models
predicting TAGB from the individual tree LiDAR-
derived metrics were developed and evaluated for
predictive power and parsimony. The best model
from a family of six models was selected based on
corrected Akaike Information Criterion (AlCc) and
assessed through a leave-one out cross validation by
the adjusted coefficient of determination (adj.R?),
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relative and absolute root mean square error (RMSE)
and BIAS. Our findings showed that MAXTH, MCBH,
MCRd, and TCV were the most important metrics
to predict TAGB, with overall model adj.R? of 0.73,
absolute and relative RMSE and BIAS of 26.9 and
0.29 Mg/ha and 16.2 and 0.17%, respectively. This
study showed that individual tree LiDAR-derived
metrics can be used to predict TAGB in tropical forest
with acceptable precision. Therefore, we conclude
that there is good potential to monitor carbon
sequestration in Brazilian Tropical Rain Forest using
airborne LiDAR data and individual tree LiDAR-
derived metrics.
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Phenological observations from a hyperspectral camera in the
Amazonian Tapajos National Forest
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Understanding seasonal and inter-annual variability
of vegetation phenology plays a major role for
Earth system modeling. However, scaling field
observations of changes in vegetation traits to
satellite remote sensing is often challenging due
to a mismatch in scale. Near surface camera based
phenology can help bridging this gap by using
optical principles similar to those used by satellite
sensors, but still allowing an interpretation similar
to that made by field observations. In this study, we
utilized data from a tower-mounted, hyperspectral
phenocam imaging system (SOC-710, Surface
Optics Corporation, San Diego, CA, US) located at
the Tapajos National Forest near Santarem, Para,
Brazil (2.85°S, 54.97° W) to observe the phenological
behavior of a tropical forest ecosystem during the
dry season. Seventeen images (4-nm resolution

between 385 to 1050 nm) were carefully selected and
screened for data quality and clear sky conditions.
Reflectance measurements were calibrated using
a teflon panel, which was permanently installed
within the field-of-view of the camera. Images were
acquired at an angle of 45° off-nadir around solar
noon to minimize differences of shading effects
within the canopy. Principal component analysis
(PCA) showed that variations in leaf flushing
between July 27 and September 29, 2012 were
species-dependent. Using a linear mixture model,
we confirmed that differences observed from PCA
were expressed in the green vegetation fraction of
the hyperspectral images. We conclude that the data
analysis of tower-mounted hyperspectral cameras
contributes to a better understand of the seasonal
phenological signal observed by satellites.
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Recent trends of Land Surface Temperature and Vegetation
Indexes over the Temperate Rain Forest in Chile
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The current global warming has affected several
ecosystems at global scale generating different
consequences such as the decrees in carbon stocks
and productivity, the increase in mortality and
the persistent increment of fire risk. In Chile, one
of the most pristine ecosystems is the temperate
rain forest located in the Aysén region (43° - 50°S).
This rain forest covers more than 4.82 millions
of hectare which are mainly located in island and
isolated peninsula. This forest has suffered a strong
anthropogenic impact during the 30’ based on the
government policy to introduce grassland through
conversion plans from forest to agriculture terrains.
More than 6 millions of hectare were burned or
affected decreasing the forest land cover and
generating a dramatic change in this ecosystem.

The impact of the global warming over the
temperate rain forest is unknown. Thus, the aim of
this work is to analyze the spatial and temporal land
surface temperature and vegetation indexes trends
by using MODIS data (MOD11 and MOD13 products)
for the period covering 2002 — 2015. The LST, NDVI
and EVI were used to estimate the non-parametric
trends in the Aysén region (43° - 50°S ; 71 — 77°W)
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by using the Sen’s slope test and to determine
the statistical significance applying the Mann-
Kendall test. Trends and statistical significance
were retrieved pixel by pixel at monthly mean and
seasonal periods assuming Summer (December,
January and February), Autumn (March, April and
May), Winter (June, July and August) and Spring
(September, October and November).

Results shown a generalized warming between 43°
and 47°S estimated in 1°C/decade. Southern the
47°S the land surface temperature trends were also
positive although it was noticed some effects of the
spatial resolution of MOD13 generating an impact
in te statistical confidence of the trend. In relation
to the vegetation indexes, at overall, the trends
are positive in the whole region at evaluating NDVI
and EVI. Nevertheless, a negative and statistical
significance trends were evidenced between 46° —
48°S mainly in 73°W is also retrieved. These results
contribute to better understand the dynamic of the
Aysén Temperate forest and to show the impact of
global warming in the land surface temperature and
vegetation trends in this Austral zone of Chile.
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Assessing the carbon and water balance of Boreal forests
using a process-based model driven by satellite images

Minunno F., MutanenT., Aurela M, HimeT, LiskiY, VesalaT, Mdkeld A.

Keywords: Process-based modelling, Satellite Images, Carbon and water balance,
Boreal forests, data assimilation.

Abstract

Earth Observation (EO) data can potentially be used to drive vegetation models and improve simulated
carbon and water fluxes over large areas.

The objective of this work is to test the reliability of a process-based model in predicting the carbon
and water balance of Boreal forests when driven by EO measurements. We used a carbon-balance
based growth model combined with a soil carbon model.

After being calibrated and tested with ground data from various data sources the combined model
was run using LANDSAT data collected in 2015 at 20m resolution. Model predictions were validated at
two eddy-covariance sites: Hyytiald in southern Finland and Sodankyla in Finnish Lapland.

At Hyytidld, model predictions of annual gross primary production (GPP, 1143.9 gC m2y?), annual net
ecosystem exchange (NEE, -205.6 gC m y?) and evapotranspiration (ET, 314.6 mm y™) were within
the ranges measured at the eddy-site.

At Sodankyld GPP (573.2 gC m2 y*) and ET (236.4 mm y™?) predictions were consistent with the
measurements, while NEE (-87.27 gC m=y*) was overestimated.

On this basis, we discuss the opportunities and challenges of using EO data for large scale simulations
with the aim of monitoring carbon and water fluxes.
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Comparison of local EO-based dense humid and dry
forest cover and change area estimates in the southwest
forest massif of Central African Republic using the UMD

global dataset

Christophe Sannier’, Ron Mc Roberts?, Loic Faucqueur* & Hajar Benelcadi*

*SIRS, Parc de la Cimaise I, 27 rue du Carrousel 59650 Villeneuve d’Ascq France
2 Northern Research Station, U.S. Forest Service, Saint Paul, Minnesota, USA

Keywords: Model assisted regression, REDD+, national forest monitoring systems

The southwest forest massif of Central African Re-
public is covered by dense humid forest but also by
substantial dry forest areas. Most of current forest
monitoring studies focuses on tropical rain forest
because of their ecological interest and high carbon
stocks. But about 42% of tropical forests around the
world are considered as seasonally dry. Therefore,
dry Forest monitoring should not be overlooked be-
cause it is found over very large areas and is one of
the most seriously threatened forest types. Indeed,
the removal of dry forests potentially contributes
to a significant proportion of the 7-20% of the total
greenhouse gas emissions known to originate from
deforestation and forest degradation. However,
monitoring of dry forest from remote sensing is a
challenge due to its phenological variability and the
lack of hard boundaries between forest and non-for-
est.

An EO-based, IPCC compliant Land Use classifica-
tion of the area was developed that distinguished
between dense humid and dry forest classes was de-
veloped for an area of approximately 70,000km? in
southwest CAR in collaboration with the Ministry of
environment. In addition, a probability sample was
developed to calibrate the identification of the low-
er boundary of the forest category (i.e. 30% forest
cover) based on the visual estimation of percent tree
cover from Very High Spatial Resolution satellite
imagery. This dataset was also used to calibrate the
University of Maryland (UMD) Global Forest Change
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(GFC) data and optimal thresholds were determined
based on the comparison of tree cover percentage
calibration data with map data to match the select-
ed national forest definition. Then, a model assisted
regression was developed based on a separate prob-
ability sample over the study area.

Wall-to-wall mapping provides a comprehensive
assessment of forest resources and input to land
use plans for management purposes, but wall-to-
wall approaches require specialized equipment and
staff that are often not available. The UMD GFC map
products provide an alternative for tropical coun-
tries wishing to develop their own wall-to-wall forest
monitoring map products but without the resourc-
es to do so. However, these maps were produced at
global scale and cannot be used directly for national/
regional mapping because they need to comply with
a selected forest definition. This study provides an
approach on how the UMD GFC map can be used lo-
cally and a quantification of the loss of precision is
made. Initial results suggest that the number of sam-
ple units would need to be increased by 44% for the
area estimates based on the UMD GFC to be equiva-
lent to the locally based map. The cost of collecting
these additional samples is discussed with a view to
providing guidelines on whether the additional cost
is worthwhile in relation to (i) the additional income
generated through a performance based payment
scheme, and (ii) the cost of developing a local based
capacity to map forest cover.
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Comparison of local EO-based dense humid and dry
forest cover estimates with the UMD global dataset in
the Central African Republic
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Abstract

This study provides an approach on how the UMD GFC map can be used locally and a quantification of
the loss of precision is made. Initial results suggest that the number of sample units would need to be
increased by 48% for the area estimates based on the UMD GFC to be equivalent to the locally based
map. The cost of collecting these additional samples is discussed with a view to providing guidelines
on whether the additional cost is worthwhile in relation to (i) the additional income generated through
a performance based payment scheme, and (ii) the cost of developing a local based capacity to map

forest cover.

Introduction

Most of current forest monitoring studies focuses
on tropical humid forest because of their ecologi-
cal interest and high carbon stocks. But about 42%
of tropical forests around the world are considered
as seasonally dry. Therefore, dry Forest monitoring
should not be overlooked because it is found over
very large areas and is one of the most seriously
threatened forest types. The removal of dry forests
potentially contributes to a significant proportion
of the total greenhouse gas emissions known to ori-
ginate from deforestation and forest degradation.
However, monitoring of dry forest from remote sen-
sing is a challenge due to its phenological variability
and the lack of hard boundaries between forest and
non-forest. The REDD+ mechanism s included in the
Paris agreement representing the main outcome of
the UNFCCC COP21 after a long round of negotia-
tions, as a key instrument to enhance the forests
sinks and preserve the forest. Many countries having
the tropical forest biome engaged or willing to en-
gage under the REDD+ mechanism are developing
a National Forest Monitoring System to assess and

monitor their forests. However REDD+ is a result
based mechanism. Meaning that the payments will
be made to countries providing convincing evidence
that reduction targets have been achieved. The evi-
dence must include accurate and precise estimates
of forest area that will be submitted by countries as
reference emissions levels to be reviewed as part of
the Monitoring Reporting and Verification process of
the REDD+ mechanism. Wall-to-wall mapping provi-
des a comprehensive assessment of forest resources
and input to land use plans for management purpo-
ses, but wall-to-wall approaches require specialized
equipment and staff that are often not available.
The UMD GFC map products provide an alternative
for tropical countries wishing to develop their own
wall-to-wall forest monitoring map products but wi-
thout the resources to do so. However, these maps
were produced at global scale and cannot be used
directly for national/regional mapping because they
need to comply with a selected forest definition.
Therefore, this paper aims to assess if global data-
sets such as the University of Maryland (UMD) Global
Forest Change (GFC) data can be used to fast track
the development of National Forest Monitoring Sys-
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tem (NFMS) in countries with complex landscapes
such as the Central African Republic in which several
biomes including dense tropical rainforest and dry
forest are present.

Study site

Thestudy areaislocated inthe southwest forest mas-
sif of Central African Republic represented by 3 pro-
vinces: Sangha Mbaéré, Lobaye, Ombella-M'Poko.
The total area is ~ 70 ooo kmz2. The study site was
selected because covered by dense humid forest but
also by substantial open dry forest areas. This was
part of the European FP7 project that was conducted
in collaboration with GAF AG and with the local Mi-
nistry of Environment and Ecology (MEE). The adop-
ted forest definition is as follow: 1ha minimum area,
>30% tree cover, tree height >5sm at maturity. Tree
plantations are excluded from forest area.

Data

A set of VHR data was acquired circa 2010 as part of
the FP7 REDDAF project through the ESA Data Wa-
rehouse according the location of Primary Sample
Unites (PSUs) from the probability sampling design.
AllVHR Data were pan-sharpened and resampled to
an output pixel size of 0.5 meters to provide a homo-
geneous dataset optimized for visual interpretation.

Methodology

An IPCC compliant Land Use classification was deve-
loped that distinguished between dense humid and
dry forest classes. In addition, a probability sample
was implemented to calibrate the identification of
the lower boundary of the forest category (i.e. 30%
forest cover) based on the visual estimation of per-
cent tree cover from Very High Spatial Resolution

satellite imagery. This dataset was also used to ca-
librate the University of Maryland (UMD) Global Fo-
rest Change (GFC) data and optimal thresholds were
determined based on the comparison of tree cover
percentage calibration data with map data to match
the selected national forest definition as suggested
by Sannier et al (2016). Then, a model assisted re-
gression (McRoberts et al. 2012) was developed ba-
sed on a separate probability sample over the study
area.

Processing of UMD GFC data to match selected fo-
rest definition in CAR for 2010

To process the UMD GFC dataset the following chain
is applied:

1) Application of the 30% tree cover percentage
threshold to the 2000 UMD GFC tree cover per-
centage map data 2000

2) Integration of « Forest Gains» within the NF class
defined

3) Integration of « Forest Losses » within the F class
defined

4) The circa 2010 F/NF map results from the combi-
nation of the 2000 F/ NF map with the forest gain
and losses

5) A1 haMMU filteris applied to both the F and NF
class

VHR data sampling design

The probability sampling design was performed with
simple random selection of sample units. A total of
46 segment of 5*5km based on an unaligned syste-
matic random sample over the study area (~1.5%).
From 46 segments: a) 16 segments to calibrate the
GFC dataset and b) 30 segments to estimate the fo-
rest cover proportion. A set of 10 segments of 1 hec-
tare were randomly selected within each 25 originals
5*5km segments for a total of 250 plots of 1ha. A

Tablex: VHR data acquired circa 2010 processed and photo interpreted as
an alternative of ground truth data

Sensor Number of scenes Resolution (m)
GEOEYE 22 MS: 1.65/Pan:o.41
Ikonos A MS 3.2/Pan:0.82
Worldview2 18 MS: 1.85/Pan:0.46
QuickBird 2 MS: 2.4/Pan:0.61
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number of 49 systematic pixels by plots were selec-
ted to be interpreted into Tree/ No-Tree to extract an
estimation of the tree cover within each 1ha plots

Results

Adjustment of the GFC Forest threshold

The VHR tree cover data and the GFC tree cover data
set were correlated to determine the adjusted forest
threshold of GFC data corresponding to 30% tree co-
ver over the VHR data (Sannier et al. 2016).

Once the threshold determined (figure 1), we apply
it to the GFC tree cover map of the year 2000. And
to match the 2010 national data, we integrate the
gain and the forest losses and we apply a 1 ha MMU
so that the adjusted GFC map can be conform to the
adopted national forest map definition. The GFC
threshold of 51% appears to be better corresponding
to a tree cover of 30%.

Area uncertainty estimates for National and GFC
maps and the relative efficiency

Maps suffer from bias and the method of model as-
sisted regression (Sannier et al. 2014) takes it into
consideration and correct the estimate of forests.
Forest cover and forest cover change estimates can
be produced based on samples alone (Direct estima-
te). Observations from reference samples and the
map can be combined to improve the precision of

100 4+ GFCand VHR Data gnrrﬂlatiun
S 80 -
~
L
] M

m .
s 27V 8
E 20 - “

0

GFC with 51% threshold

National map

Figure2: The national map with 30% tree cover and
the equivalent GFC map adjusted to 51% tree cover
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Figure1: Scatterplot of average GFC values over 1ha plots against estimated tree
cover values from VHR imagery
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estimates (Model Assisted Regression), see (1) and

(2):

/}MAR :/}map _ Bfas(([jmap) (1)

(ai-3f @

)18

The ratio between the variances of the direct area
estimate and the map based estimate gives the re-
lative efficiency (McRoberts et al. 2016) of the map
which is:

_ Var(ugrcmap)
Var(uNationalmap)

_Var(p)
P Var(umap) ’

With the national map we are underestimating the
forest area with nearly 4205 km?, but this is less than
applying the 30% threshold uncalibrated GFC global
map which is overestimating the forest proportion
with 8491km2. However we have a relative efficien-
cy of more than 2, which mean that direct estima-
te variance of the national map is higher than the
model assisted estimate and the number of sample

units would need to be increased by a factor of 2 if
the same level of precision was to be achieved with
samples alone as compared to the model assisted
approach combining the sample units with the na-
tional map (table2). The calibrated GFC seems to re-
duce the map bias compared to the national map.
This means that the calibration procedure effecti-
vely works. However, the 95% Confidence intervals
are considerably wider compared with the National
map resulting in a lower relative efficiency (Table2).
Infactitis possible to compute the relative efficiency
of the adjusted GFC map versus the national map,
we would need 48% more samples to have the same
level of uncertainty to that of the national map.

The Cost of collecting Additional reference data
set

The use of UMD GFC will be economically efficient if
the cost of collecting the additional n1-n samples is
greater than the cost of the National map minus the
cost of GFC data processing, given by:

nt-Hp>M

National GFC30 GFC51
Study area (km?) | 70 391
o (km?) 0010
Direct Estimate 8
(%) 85,4
Direct Estimate at 95% (km?) +857
Confidence Interval (%) +1,21
km?) |- -
Map Bias (km2) |-4205 8491 -3699
(%) 5,97 12.06 5.26
km?
MAR Estimate (km?) |61 328 59 429 60 402
(%) |87.1 84,4 858
MAR Estimate at 95% (km?) [ £529 802 +645
Confidence Interval (%) +0.75 +1.14 +0.91
Relative efficiency without 262 113 1.76
map
Relative efficiency of national 1.48
vs GFC51 )

Table2: Results of the Model Assisted regression estimates and the relative efficiency to compare the Na-
tional map, the GFC at 30% threshold and the adjusted GFC

t<l,then figrcy,, hassmaller variance than fiyionaimap @Nd Lnationaimap 1S €58 efficient than figeep,, -
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nisthe original sample size, p is the cost of acquiring
each additional sample observation and M is the
additional cost of producing the national map com-
pared to GFC.

For this case study:

- n=30segments, t=1.48,

- With an image costs= 25 $ /km2, (min 25km2 for
archived image + sample interpretation) or
35$/km2 and (min 100 km2 for new acquisition+
sample interpretation).

- P=17500%$-98000% this covers quite a range de-
pending on whether the VHR imagery is available
from an archive or new acquisition need to be
programmed.

The use of the UMD GFC data will be economical if
P is less than the cost of producing the national
map minus the cost of processing the UMD GFC
data

Conclusions

UMD GFC data set can be processed for producing
national forest cover estimates. In addition, the ca-
libration procedure is effective and reduces subs-
tantially map bias. 95% Confidence Intervals greater
by about 20% compared with that of national data
for forest cover area. To reach the same level of ac-
curacy and so additional reference data is required.
UMD GFC is economical if the cost of producing the

national map minus the cost of processing the UMD
GFCis greater than acquiring and processing new re-
ference samples. However, additional benefits may
still be gained from producing the map at national
level such as the development of a national capacity
in this field, sovereignty and increase level of details.
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Disentangling recent patterns in litter fall of European forests
with remote sensing data across a continental scale

Mathias Neumann**, Hubert Hasenauer*
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Remote sensing data is increasingly used for
studying the Earth’s vegetation across large scales.
Forests are particular interesting due to their key
role in the global carbon cycle and ongoing climate
change. By conducting photosynthesis forests
allocate atmospheric carbon absorbed via the
stomata and water and nutrients over the roots into
their organs such as stem, branches or foliage. Litter
fall is important for relocating nutrients from the
canopy back into the soil and thus plays an important
role in the global carbon cycle by accounting for
approximately one third of Net Primary production
within forests. Although the role of litter and its
decomposition process is evident, it remains a
poorly understood process due its high stochasticity
and effort to obtain litter fall data. In this study we
describe the current spatial and temporal patterns
of litter fall data in Europe, test state-of-the-art
methods in assessing litter fall estimates and
provide a method to enhance the accuracy of litter
fall predictions with remote sensing data. For our
analysis we obtain litter fall data from the ICP Forests
Level 2 network across European forests covering
323 plots and the time period 2000 to 2012. This
data set has never been used for such an analysis.
After a quality control and a data harmonization,
we calculated a mean annual litter fall (total and
foliage) of 214 gram carbon m=2year?, equal 38 % of
Net Primary production (NPP) for European forests
(foliage litter fall 129 gC m2year® equal 22%). We
detected a significant positive trend between 2000
to 2012 (increase per year 3.4 gC m?year®, p<0.001)
which is consistent with observations from the 20t
century. Our results suggest that there is an ongoing
increase in litter fall over the last 100 years which
could be due to climate change impacts. The results
support previous research that air temperature
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may be a predictor for litter fall both spatially and
temporally. Combining our data with the latest
remote sensing products (Leaf Area Index, NPP and
Evapotranspiration using MODIS data) reveal, that
remote sensing data may be used to enhance spatial
predictions of litter fall, which would allow temporal
explicit assessments of litter fall in the global carbon
cycle.
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Estimating the dynamics of carbon stocks in forests with
remote sensing data

Michele Dalponte, Lorenzo Frizzera, and Damiano Gianelle
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Mach 1, 38010 San Michele all’Adige (TN), Italy

Forest aboveground biomass is increasing
and consequently the carbon stored in these
ecosystems. This increase is due to many factors. In
the Alps, for example, a reduction in the agricultural
exploitation of mountain areas decreased the areas
used as grasslands or pastures, and new forest
areas appeared. Climate change issues have also
responsibilities: as an example the increase of
nitrogen depositions and/or CO_ increased forest
productivity. Remote sensing data can be really
useful in predicting the changes of aboveground
biomass (and thus carbon) over time. In this study
we will estimate forest growth, and carbon stocks
dynamics, of a forest area in the Alps.

The study site, an evergreen forest, is located in
Lavarone (Trento) in the Italian Alps. In this area 5o
field plots were located and a survey of DBH, height,
and species was carried out in 2007, and it will be
repeated in summer 2016. Moreover in 20 trees
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the annual growth was continuously monitored by
means of dendrometers. The main species are Picea
abies L. Karst., Abies alba Mill., and Fagus sylvatica L..
Remote sensing data were acquired over the study
site in 2007, 2011, and 2015. In particular airborne
laser scanning (ALS) data with more than 10 pts/m?,
and hyperspectral data were acquired in all the three
dates. Other remote sensing data (SAR) will be also
acquired from data archives.

The forest increment will be estimated at plot
level and at individual tree crowns (ITC) level. The
individual tree crowns delineation will be carried
out on the airborne laser scanning (ALS) data using
the R library itcSegment. The variation in time will
be estimated directly or by means of comparison
among estimations at different dates. Different
remote sensing data will be used both alone and
combined together.
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Linking Landsat 8 and forest inventory data for local biomass
mapping in open canopy woodlands
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Abstract

REDD+ implementation requires estimates of forest biomass, an input to estimate carbon emissions.
Field inventory and or remote sensing are the expected sources of data for a functional Monitoring,
Reporting and Verification (MRV) in the context of REDD+. By linking Landsat 8 derived spectral
indices to forest inventory data, a linear mixed effects models for the above ground biomass (AGB)
was developed. The model is then applied to composite images of selected districts in Miombo
woodlands in Tanzania, to further develop a 30 m resolution AGB map. Inventory data consisted of
tree measurements from 5oo plots, and the Landsat 8 data comprised two Climate Data Record (CDR)
images covering the inventory area. Among a list of spectral indices and band responses tested, the
Enhanced Vegetation Index (EVI) correlated most strongly (rho = 0.44) to the AGB. The linear model
between the AGB and Landsat 8 derived EVI had a RMSE of 25 t/ha (49%). We mapped the distribution
of AGB in 13 sub-districts and compared the AGB density to that of default values of the IPCC, and
three recent pan-tropical AGB maps. The low biomass in the miombo woodlands, and the absence
of a spectral data saturation problem suggested that Landsat 8 data are suitable sources of auxiliary
information for carbon monitoring for low-biomass, open-canopy miombo woodlands.

323



RDD+FREL-FRL and MRV

Universidad Mayor

Mapping historical canopy cover change and recovery using
Landsat time series imagery (1972-2015)
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Monitoring historic trends in change and recovery
of forest canopy cover can provide insights into
multiple aspect of ecosystem health and functioning.
Information on disturbance and recovery events
through time may help predict the effects of
management and climatic change on forest systems
into the future as well as aiding in the modeling and
monitoring of current wildlife habitat relationships
and historic populations trends. The objectives
of this study were to: (1) create historic maps of
annual predicted forest canopy cover using Landsat
time series imagery from 1972-2015 for the state of
Minnesota; and (2) characterize historic trends in
forest change and recovery for the study area.

Our project utilizes the full value of the Landsat
archive by calibrating and incorporating imagery
dating back to 1972 to provide >z0 years of
comparable annual spectral trends for the state of
Minnesota.WeintroduceanRpackage, LandsatLinkr,
which automates the pre-processing steps
necessary for annual cloud-free atmospherically
and geographically corrected tasseled cap indices
calibrated between Landsat platforms including
the early MSS sensors. We used the LandTrendr
algorithm to smooth and segment the tasseled
cap trends. These smoothed annual tasseled cap
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composite images were then correlated with
Minnesota Forest Inventory and Analysis plots and
4-band NAIP imagery to model forest canopy cover.
The best model was then applied to the entire stack
of time series Landsat composites to map annual
predicted forest canopy cover for over 4 decades.
In addition to the creation and validation of these
annual canopy cover maps, the cover model was
also incorporated into the change labeling portion
of the LandTrendr algorithm to better characterize
trends in forest change and recovery rates.

The products from this project include statewide
annual predicted forest canopy cover maps for the
past 4 decades in addition to maps of classified forest
change (e.qg. fast, slow, high intensity, low intensity)
and rates of recovery from the various magnitudes of
disturbance. These mapping products are currently
being incorporated into a range of forest ecosystem
research and management applications including:
modeling wildlife habitat and population trends;
effects of various harvest methods and patterns
on post-harvest forest characteristics and recovery
rates; and creating maps classifying the agent of
disturbance (e.g. harvest, fire, insect, windfall,
urbanization, etc.) for the state of Minnesota.
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Resumen Ejecutivo de Nivel de Referencia de Emisiones
Forestales / Nivel de Referencia Forestal Subnacional de Chile

Javier Cano Martin , Angelo Sartori Ruilova?
Unidad de Cambio Climatico y Servicios Ambientales (UCCSA), Gerencia de Desarrollo y Fomento Forestal (GEDEFF),
Corporacion Nacional Forestal (CONAF).
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Justificacion

Cambio Climatico

Segun la Organizacion Meteoroldgica Mundial
la concentracion atmosférica media mundial de
CO2 ha aumentado en un 41% en los Ultimos 5o
anos, superando la barrera de las 400 ppm de
concentracion de CO2 lo que representa la mayor
concentracion en los Ultimos 800.000 afos.

El Panel Internacional de Expertos de Cambio
Climatico (IPCC) ha identificado variaciones
en indicadores meteoroldgicos derivados del
aumento de concentracion de Gases de Efecto
Invernadero (GEI) durante el Siglo XX, destacando
el aumento general de temperatura, dias calurosos,
precipitaciones fuertes y frecuencia e intensidad
de las sequias y una disminucidon de los dias de
frio y heladas, estos indicadores en las variaciones
climaticas han sido estudiados ampliamente,
existiendo un consenso cientifico general.

En Chile estas alteraciones han sido percibidas
durante los Ultimos afios, provocando un aumento de
concientizacion en la sociedad ante las potenciales
amenazadas producto de variaciones climaticas
derivadas de las actividades humanas que alteran
la composicion de la atmosfera global y conllevan al
denominado cambio climético.

El Rol de los Bosques

La principal causa del aumento de CO2 (principal Gas
de Efecto Invernadero) en la atmodsfera es el uso de
combustibles fdsiles, mientras que la deforestacion
y degradacion de los bosques representa, segun
IPCC, el 17.3% de las emisiones GEl a nivel mundial.
Para el caso de América Latina, la representatividad

de lasemisiones de CO2 producto de la deforestacion
y degradacién de los bosques supera el 40% (CEPAL,
basado en datos del World Resources Institute, 2010)
Este porcentaje adquiere mayor relevancia si se une
a la capacidad de los bosques para capturar y fijar
carbono atmosférico su relevancia como medio de
suministro de servicios ecosistémicos, provocando
que muchos de los esfuerzos realizados a nivel global
se concentren en identificar y poner en practica
estrategias que frenen la deforestacion, degradacion
de los bosques, fomento de la conservacion,
manejo forestal sustentable e incremento de masas
forestales.

REDD+

En el marco internacional, durante los Ultimos 20
afnos la estructura de estas politicas ha establecido
organismos e institucionalidad globales que marcan
las politicas a sequir. De especial interés para Chile
son las directrices establecidas en el Marco de
REDD+ de Varsovia, que determinan que cualquier
pais que quiera acceder al pago por resultados
basados en desempefio, en términos de reduccion
de emisiones y/o incremento de absorciones de
carbono forestal, debera desarrollar cuatro ejes
centrales que se corresponden con: 1) contar con una
estrategia pais que defina los enfoques de politicas
para promover incentivos positivos, 2) elaborar un
nivel de referencia de carbono forestal, 3) disefar e
implementar un sistema de monitoreo de emisiones
y capturas de carbono y 4) velar por el cumplimiento
de consideracionessocialesyambientales, conocidas
como salvaguardas en el contexto global.

ENCCRV

En este contexto, con el objetivo de apoyar la
recuperacion y proteccion del bosque nativo vy

325



RDD+FREL-FRL and MRV

Universidad Mayor

formaciones xerofiticas, asi como potenciar el
establecimiento de formaciones vegetacionales
en suelos factibles de ser plantados como medidas
de mitigacion y adaptacion a los efectos del
cambio climatico y lucha contra la desertificacion,
CONAF, estd desarrollando e implementando la
Estrategia Nacional de Cambio Climatico y Recursos
Vegetacionales (ENCCRV) que pretende alcanzar
dicho objetivo mediante el disefio e implementacion
de un mecanismo estatal que facilite el acceso
de las comunidades y propietarios de bosques,
formaciones xerofiticas y suelos factibles de ser
plantados, a los beneficios asociados a los servicios
ambientales de estos ecosistemas. Paralelamente,
la ENCCRYV, pretende satisfacer los compromisos
internacionales que ha asumido Chile en materia
de cambio climatico asociado a los bosques vy
lucha contra la desertificacion, donde destaca el
compromiso del Gobierno ante la CMNUCC de
manejar sustentablemente y recuperar 100.000
hectareas de bosque, asi como forestar otras 100.000
hectareas, principalmente con especies nativas, en
el periodo 2016/2030.

Nivel de referencia

Los sistemas forestales/vegetacionales chilenos
Chile, debido a sus caracteristicas geograficas (suelo,
clima, latitud, distribucion de la poblacion, entre
otras) posee una fuerte diversidad de ecosistemas
forestales, con presencia de pequefios bosques de
altura en el altiplano y formaciones xerofiticas en
la zona norte; bosques esclerdfilos en zona central;
bosques dominados por especies caducifolias del
género Nothofagus en la zona de clima humedo
templado, donde se insertan formaciones dominadas
por coniferas milenarias como la Araucariay el Alerce,
para transitar a bosques compuestos por especies
perennes, denominado siempreverde, en el area de
la Selva Valdiviana y grandes extensiones de bosques
de lenga en las regiones mas australes del pais.

Cada uno de estos bosques y formaciones xerofiticas
representan un valioso aporte para la mitigacion, en
base a la reduccion de emisiones e incremento de
capturas de CO2, y la adaptacion a los efectos del
cambio climatico como medio de provision de aguay
refugio, conservacion de la biodiversidad, retencion
de suelo, limitante del avance de la desertificacion,
etc.
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Significado y relevancia

El Nivel de Referencia de Emisiones Forestales
/| Nivel de Referencia Forestal (NREF/NRF),
tiene como objetivo caracterizar las emisiones
historicas de Gases de Efecto Invernadero (GEIl)
por Deforestacion y degradacidon de los bosques,
asi como las absorciones producto del aumento
de existencias de reservas de carbono forestal, la
conservacion y el manejo sustentable de los bosques
y las proyecta hacia el futuro, con la intencidn
de medir el desempeiio del enfoque de politicas
asociadas a REDD+.

Durante el mes de enero de 2016, Chile consigno
el NREF/NRF de caracter subnacional, ante la
Convencion Marco de las Naciones Unidas sobre
Cambio Climatico (CMNUCC), que caracteriza las
emisiones historicas de GEI por Deforestacion
y Degradacion de los bosques, asi como las
absorciones producto del aumento de existencias
de reservas de carbono forestal, la conservacion y
el manejo sustentable de los bosques y las proyecta
hacia el futuro, para las regiones del Maule a Los
Lagos entre los afios 1997 y 2013, con la intencion
de medir el desempeiio del enfoque de politicas
asociadas a REDD+.

El NREF/NRF fue elaborado siguiendo los criterios
determinados por el Panel Intergubernamental de
Expertos en Cambio Climatico (IPCC) y mantiene
congruencia con el Inventario Nacional de Gases de
Efecto Invernadero (INGEI) utilizando las mismas
fuentes de informacion, principalmente el Catastro
de Bosque Nativo y sus actualizaciones, el Inventario
Forestal Continuo y Estadisticas de Incendios
Forestales.

Enlaactualidadeldocumento presentadoestasiendo
sometido a revision de expertos internacionales
independientes que propondran mejoras y ajustes
para optimizar los métodos e identificar las brechas
de informacion existentes. Durante este periodo
de revisién, CONAF, en conjunto con el equipo de
apoyo técnico, tomara las acciones pertinentes para
satisfacer las demandas de la CMNUCC CMNUCC
entre las que ya se han identificado las de mayor
relevancia, como son: 1) la creacion de un sistema de
registro espacial para la delimitacion de areas bajo
Manejo Forestal que permitan estimar el flujo de
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carbono y estimar el Nivel de Referencia de Manejo
Sustentable, y 2) levantar informacion espacial de
uso de la tierra, complementaria al Catastro, para
homogeneizar la temporalidad de los datos y el
periodo de referencia.

De forma paralela se trabajard para extender el
Nivel de Referencia de escala subnacional a escala
nacional, con el objetivo de presentar el NREF/NRF
que registre las emisiones y absorciones de las cinco
actividades REDD+ a nivel nacional.

Equipo Técnico

EINREF/NRF Subnacional de Chile ha sido elaborado
por CONAF, a través de un trabajo conjunto liderado
por la Unidad de Cambio Climatico y Servicios
Ambientales (UCCSA) y el Departamento de
Monitoreo de Ecosistemas Forestales, con el apoyo
técnico del Banco Mundial, la Consultora Winrock
Internacional, el Instituto Forestal (INFOR), la
Universidad Austral de Chile (UACH)y las agencias de
Naciones Unidas, FAO, PNUMA y PNUD, adscritas al
Programa de REDD de Naciones Unidas (UN-REDD).
Area de contabilidad

CONAF, ha decidido focalizar los esfuerzos para
la generacion del Nivel de Referencia subnacional
en la zona Centro-Sur de Chile, desde la Region del
Maule hasta la Region de Los Lagos, area que cuenta
con una alta concentracion y la mayor diversidad
de bosques del pais, una fuerte presion antropica
y con gran potencial para la reduccidon/absorcion
de emisiones de GEI relacionadas con los bosques
y capacidad de producir beneficios ambientales no
relacionados con el carbono.

Conceptos clave

Bajo el contexto de REDD+, que rige el NREF/
NRF, Chile defini6 como bosque aquellas tierras
establecidas como Bosque Nativo en la legislacion
vigente y determind los conceptos nacionales
para las cinco actividades REDD+: Deforestacion,
Degradacion, Aumento de existencias, Conservacion
Forestal y Manejo Sustentable.

e Para el calculo de emisiones por Deforestacion fue
estimada la superficie de bosque nativo convertida
a otros usos.

e En el caso de la Degradacion Forestal se
consideraron las emisiones por pérdida de biomasa
en los bosques que permanecen como tal, las
emisiones de CH4 y N20 producto de la combustion
en incendios forestales, asi como las emisiones
por sustitucion de bosque nativo por plantaciones

monoespecificas de caracter industriales.

e El Aumento de existencias registra aquellas
absorciones producto de la forestacion y la
restitucion de bosque nativo, asi como las
absorciones producidas por los bosques que
permanecen bosques durante el periodo analizado.

e Para determinar el Nivel de Referencia de
Conservacion Forestal, fue analizado el flujo de
carbono en los bosques que permanecen bosques
en areas bajo conservacion formal.

e Debido a la falta de informacidn oficial del pais
que permita localizar y delimitar espacialmente
las areas sujetas a Manejo Sustentable, esta
actividad no fue integrada en el NREF/NRF, si bien
las emisiones y absorciones producto de manejo
si son registradas dentro de las actividades de
Degradacion y Aumento de Existencias.

Métodos

El NREF/NRF fue elaborado siguiendo los criterios
determinados por el Panel Intergubernamental de
Expertos en Cambio Climatico (IPCC) y mantiene
congruencia con el Inventario Nacional de Gases de
Efecto Invernadero (INGEI) utilizando las mismas
fuentes de informacion, principalmente el Catastro
de Bosque Nativo y sus actualizaciones, el Inventario
Forestal Continuo y Estadisticas de Incendios
Forestales.

La disponibilidad de informacion, hace que no
se pueda contar con un periodo de referencia
estandarizado para las cinco regiones, pero se
estandarizaron los datos para determinar las
emisiones y absorciones de CO2e entre los afos

1997y 2013.

Los métodos aplicados siguen las directrices IPCC
de mayor precision y exactitud, aplicando Enfoques
de grado 3 (espacialmente expliciticos), para el
calculo de datos de actividad y factores de emision
de Nivel 2 y 3, (creados en base a datos, inventarios
y modelos, desarrollados en el pais a escala
nacional o subnacional). Se aplicaron metodologias
diferenciadas para estimar emisiones y absorciones
en areas de bosques que permanecen como tal y
areas que registran cambios de uso de la tierra.

En el caso de los bosques que permanecen como
tal las emisiones por degradacion, asi como las
absorciones producto del aumento de biomasa,
fueron calculadas mediante una metodologia que,
utilizando datos del Inventario Forestal Continuo
y analisis de imagenes satelitales, calcula el area
basal y numero de arboles en una reticula continua
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de celdas de una hectarea, permitiendo identificar la
situacion de degradacion o aumento de existenciasy
el contenido exacto de CO2e emitido a la atmosfera
o0 absorbido por el bosque durante el periodo.

Para la estimacion de emisiones y absorciones
que implican cambio de uso de la tierra, como la
sustitucion, restitucion o forestacion se analizaron las
matrices de cambio del Catastro y se establecieron
valores derivados del Inventario Forestales Continuo,
de la misma forma que se aplica en el INGEI.

Para determinar las emisiones de Gases de Efecto
Invernadero producto de la combustién en incendios
forestales se aplicaron factores estandar.

Resultados generales

El NREF/NRF subnacional de Chile representa un
flujo de carbono correspondiente a absorciones de
carbono 1,5 millones de Toneladas de CO2e anuales.
Este se divide en cuatro principales actividades:

e Deforestacion; con 3,5 millones de Ton de CO2e
anuales emitidas, para una superficie superior a las
6.000 ha anuales

e Degradacion Forestal; con 9,2 millones de Ton.
CO2e anuales emitidas, para una superficie superior
alas 500.000 hectareas entre 2001y 2010.

e Aumento de existencias; con 10,0 millones de
Ton.CO2e anuales absorbidas, para una superficie
superior a las 700.000 hectdreas entre 2001 y 2010

e (Conservacion Forestal; con 2,4 millones de Ton.
CO2e anuales absorbidas, para una superficie
cercana a 1.450.000 hectareas de bosques
catalogados como areas de conservacion.

Es importante mencionar que el NREF/NRF no
contabiliza las absorciones y emisiones que se
producen en bosques nativos que se mantienen en
un umbral de resiliencia o recuperacion natural asi
como los flujos que se producen en las plantaciones
forestales. Estos flujos son recopilados, sin embargo,

en el Inventario de Gases de Efecto Invernadero de
Chile.

Cronologia de ampliacion

Durante el afo 2016 el Nivel de Referencia serd
ampliado alasregiones de Valparaiso, Metropolitana
y O’Higgins, donde ya se cuenta con una serie de
trabajos que han permitido tener avances puntuales.
Se prevé que durante 2017 el Nivel de Referencia se
extienda a nivel Nacional.

Relevancia del NR

Contar con un Nivel de Referencia ha sida un
punto clave para el proceso de elaboracion de la
ENCCRYV, ya que si bien, los principales causales de la
deforestacion y degradacion forestal a nivel nacional
einclusoaescalaregional, comolosincendiosyeluso
insustentable de la biomasa (principalmente la lefa)
son conocidos por todos los actores involucrados,
hasta la fecha no ha existido una cuantificacion
especifica, asi como una identificacion detallada de
areas con mayor nivel de afeccion.

En el marco de la ENCCRYV han sido planteadas una
serie de medidas de accidn que tienen por objetivo
combatir los principales causales de Deforestacion
y Degradacion forestal, asi como promover la
Conservacion, el Manejo Forestal y el Aumento
de carbono en los bosques, la identificacion de las
areas prioritarias para cada tipo de intervencion, asi
como el control y monitoreo de los resultados de la
implementacion de estas medidas seran analizados
en base al Nivel de Referencia.

La adecuada ejecucion de estas medidas de accion,
deberan ser monitoreadas, reportadas y verificadas
ante entes internacionales, lo que permitird a los
ejecutoresrecibirpagos porresultados, incrementando
la plusvalia de los bosques y mejorando las condiciones
de vidas de aquellos que mantienen una relacion
directa con el bosque nativo chileno.

NREF/NRF
Actividad REDD+ Deforestacion Degradacion Conservacion Aumentos
Maule 84.982 608.976 -14.780 -1.182.162
Biobio 396.645 1.209.890 -72.359 -1.282.143
La Araucania 1.059.067 1.907.344 -334.741 -1.517.894
Los Rios 644.696 1.373.080 -710.081 -2.022.041
Los Lagos 1.267.494 4.050.103 -1.298.478 -4.007.772
Total 3.452.884 9.149.392 -2.430.439 -10.012.012

Tabla 1. NREF/NRF subnacional de Chile
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Synergistic use of sar and optical datasets for forest
biomass retrieval and characterization of forests in
temperate zone - a national case study Poland
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Abstract

Assessment of forest above-ground woody biomass is essential for national and regional forest
carbon stocks and carbon stock changes estimation and reporting. The use of remotely sensed data
supports countries in advancing approaches to forest monitoring and management. It helps to obtain
accurate data on the status of forest resources and forest carbon stocks and support implementation
of national and international policies. The aim of this research is to develop methodology for the forest
above-ground woody biomass retrieval at the temperate forest, based on remotely sensed data. The
biomass assessment was conducted in the framework of the European Space Agency (ESA) funded
GlobBiomass project, which aims to better characterize and to reduce uncertainties of above ground
biomass estimates by developing an innovative synergistic mapping approach in five regional sites
(Sweden, Poland, Borneo, Mexico, South Africa) for the epochs 2005, 2010 and 2015 and one global
map for the year 2010. The authors present the approach for the biomass retrieval at the national
level over Poland — temperate forest. A synergy of radar ALOS PALSAR (L-band) and optical Landsat
missions data have been used to derive forest above-ground woody biomass at the national level. The
backscattering at HH and HV polarization, texture and ratios have been tested. The National Inventory
of Forest Condition (inventory plots) has been used as the reference data for the biomass retrieval. The
growing stock volume was converted into woody biomass using the IPCC approach based on biomass
expansion factors (BEFs) and wood density following IPCC guidelines. The method used for biomass
estimation in Poland was based on a machine-learning Random Forest regression. The Random Forest
models were calibrated separately for coniferous and deciduous forest using a set of training plots
located over the entire forested area except steep slopes in the mountains. The overall accuracy of
the biomass retrieval is around 5o tons per hectares; the accuracy of coniferous is better than for
broadleaf forest. The information on the spatial distribution of forest biomass was then related to
the forest parameters (tree species, type of forest site, forest composition) described by vegetation
spectral indices derived from high-resolution Landsat and SPOT5 images. The aim of this analysis
was to examine the relationship between forest biomass and various features characterizing forest
canopies within the selected area of interest. Remotely sensed forest parameters were determined
within WICLAP project, conducted within Polish-Norwegian Research Programme, financed by the
National Centre for Research and Development.
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Using leaf-on and leaf-off airborne LIDAR to model vegetation
structure and above-ground carbon storage in the critical zone

Kristen Brubaker
Hobart and William Smith Colleges, Geneva, NY
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Understanding patterns of above-ground carbon
storage across forest types is increasingly important
as managers adapt to the threats of climate change.
Although airborne lidar has been used extensively
to model above-ground carbon storage, it has not
been extensively used to understand the difference
between tree and shrub carbon storage in closed
canopy forests. We compared the fine-scale above
ground carbon storage in two watersheds; one
watershed was underlain by sandstone bedrock and
the other by shale. We measured tree and shrub
biomass across three topographic positions for both
watersheds, and calculated the carbon stored in
each. We then used leaf-on and leaf-off airborne lidar
datasets to construct a model for carbon storage
for each component across the watershed, using
a combination of terrain and point cloud metrics
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from lidar. Since overstory vegetation can obscure
the understory vegetation from LiDAR, a correction
factor was applied using percent overstory canopy
cover. Using RandomForest, we modeled shrub and
tree forest carbon across both watersheds, using
a combination of leaf-on and leaf-off LiDAR point
cloud metrics and topographic metrics. We found
that there is an inverse relationship between tree
carbon storage and shrub carbon storage across
sites, and that LiDAR can be used to model these
relationships across a broader, watershed scale. We
also found differences in the tree carbon and shrub
carbon ratios between bedrock types. Watersheds
underlain with sandstone had a higher proportion
of their carbon stored in shrubs, while watersheds
underlain with shale had a higher proportion of their
carbon stored in trees.
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Using satellite data to estimate gas emissions into the
atmosphere by burning biomass in Mexico
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Mexico is a biodiverse country as result of
geographical conditions. One of the most recurrent
threats to biodiversity are forest fires, which among
its consequences are emissions of greenhouse
gases (GHGs), which affect the nature, health and
human activities, and they have influence in the
global warming. These effects are expressed in
different spatial levels: local, regional and global,
so it becomes a relevant issue to national and
international context.

Internationally, the issue of fires emissions has been
analyzed on different ways and techniques; one of
the most widely models used to estimate emissions
require calculating four main parameters: burned
area, amount of existing biomass, burning efficiency
(biomass consumed by fire) and emission factor.
Different authors have applied the model using
statistical data and satellite data. One of the most
difficult parameters to estimate is the efficiency of
burning, some authors have proposed alternatives

using satellite imagery, but the uncertainty is still
high.

Therefore the main objective of the research is
to develop a method for calculating the burning
efficiency with remote sensing data in three
representative sites of forest eco-regions of Mexico,
as input for the estimation of gas emissions from
the burning of biomass and know their spatial
distribution.

In order to make predictions of this variable in
dynamic form, it uses statistical learning methods,
as decision trees, and satellite products to find
the spatial and temporal relationships between
environmental features (18 variables of biomass,
vegetation, topography) and the burning efficiency
(field data, provided by Dr. German Flores). The
preliminary results show some patters to select
the main variables and introduce others, as fuel
moisture, and increase the accuracy of prediction.
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