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Network:

> MSPA-based: this menu provides options for batch processing of several network
analysis algorithms featured in the Image Analysis — Graph Theory Network (GTN)
section. All options require MSPA input images, non-MSPA input images are
ignored and cannot be processed.

> Coneforlnputs: this option will generate the node file (area per object) and the
connection file (pairwise distance between objects) in the format required by
Conefor. Object area and distance will be calculated for objects of value 2 only (if
needed, use Recode to reassign object values). The distances can be calculated as
Euclidean edge-to-edge distance (8/4-connected) or centroid-to-centroid distance
between all foreground objects of the raster image.

Figure 1: Coneforinputs: Select 8/4-connectivity and distance measure.

] Coneforinputs Batch Processing X
Conefor Inputs Settings: Options
FGconn Distance Defautt values
EdgeZEdge
Centroid 2Centroid Accept

When using the option Coneforinputs the connectivity is defined via the pairwise
distance between image objects. This is different to the option MSPA
Coneforlnputs, where the connectivity is defined via the MSPA-detected
structural connectors (Bridges).

Fragmentation:

This menu provides options for batch processing of several fragmentation analysis
algorithms featured in the Image Analysis —
Fragmentation section.

Distance:

> Euclidean Distance: batch process images for Euclidean Distance resulting in maps
and a summary of the distance histogram properties.

Restoration Status:

Batch process images for Restoration Status.
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recoding of image class values. The Set all to dropdown menu can be used to assign
all classes to a single value. The Save button can be used to save a new recode
table to a file GTBrecode_*.sav (please keep the prefix GTBrecode_ and the file
extension .sav and only modify the placeholder *). Any previously saved recoding
table GTBrecode_*.sav can be restored via the Restore button. Here, only those
entries that match the current class values will be restored. This option is only
available for images of data type Byte. Please note that any new value in the cell
of the left column will only be taken over after pressing the Enter key or after
switching to a different cell of the left column.

Figure 2: Recode Classes GUI showing existing class values in the right column (Old) and new
assignments in the left column (New).

4+ Recode class values >
New Oid S
0 Accept

1 1 | Exit

2 2

7 7 Restore

4 4 Save

5 5 Set all to:

: : 0~

] 8

5 5

10 10

" 1

12 12

13 13

14 14

15 15

16 16

17 17

> Recode Pixel: this window allows assigning a new value to a specific pixel location.
Please press the Enter key in each field to validate your input settings.

Figure 3: Recode Pixel GUI

BF) Recode pixel setup: *
Insert values & press the ENTER key *** in each field *** to validate your settings. Options
Pixel: X Pixel: Y Recode value fEEE
® | |y | |R Cancel

> Recode Line: click on MSPA parameter 1 FGconn to activate the Recode Line
option. It provides the ability to interactively draw a freehand (left mouse button)
or straight line (right mouse button) as long as the mouse button is pressed. Upon
releasing the mouse button, a new window allows assigning a specific value and
the width of the line from a dropdown menu.
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1.3. The Image Analysis pull-down menu

All image analysis modules under this section are grouped into dedicated thematic
containers and have been developed to address specific questions. The section itself
as well as each container are briefly summarized with an introduction named
Overview. Please have a look at this overview, the respective sections in this manual,
and the mentioned product sheets to better understand the scope and usage of each
image analysis module.

The Image Analysis pull-down menu provides the following thematic containers:

Objects

Pattern
Network(MSPA)
Fragmentation
Distance

YV V V V V VY

Restoration Planner

1.3.1 Objects

This menu provides several options for the analysis of individual image object
attributes.

1.3.1.1 Accounting

The Accounting option will label and calculate the area of all foreground objects
(coded with 2 byte) according to user-specified area thresholds:

Figure 10: Accounting interface showing user-selectable fields for Foreground Connectivity, Pixel
Resolution, Big3pink and up to six foreground-object size classes.

&) Accounting X l

Please define the Base Settings and the Area Thresholds in pixels for up to 6 Area Classes

Accounting Settings:

Pixel Resolution [m] ‘25 v|

Base Settings: ||Foreground Connectivity: 8

Show Big3 in pink color 0 ‘ Reset || Save | Restore

Classes: Class 1: Class 2: Class 3: |Class 4: Class 5: Class 6:

Poels: (| 1->[160  |pixels || >[800  v|piels || >[1600 v|piels || >[8000 v |piels [ ->[40000 -|pixels || 40000 - pixels>

Hectares: || -> 10.0000 ha -> 50.0000 ha -> 100.000 ha -> 500.000 ha -> 2500.00 ha 2500.00 ha ->
Acres: || > 24.7105ac -> 123552ac > 247.105ac -> 123553 ac > 6177.63ac 617763 ac ->

| | gdalinfo: Pixel Size = (25.000000000000000.-25.000000000000000)

Figure 10 shows the Accounting interface where in the top row, the user should
specify the Base Settings (Foreground Connectivity, Pixel Resolution, Big3pink: show
the largest three objects in pink — no/yes). In the center row, select or insert custom
values to define the area thresholds (in pixels) of up to six object size categories. The
bottom row shows the spatial pixel resolution retrieved via the gdalinfo command.
Depending on the geoheader, it might be in meters, degrees, any other unit, or not
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contortion values while natural objects are more likely to be non-regular and hence
have higher contortion values.

Since contortion investigates the object perimeter, contortion will be calculated only
on objects having a core area. In addition, the user can define a minimum object area
to be considered for the calculation via the MSPA parameter 2 EdgeWidth drop-down
menu. Either select a pre-defined value or specify a custom value in the first entry of
the drop-down menu. Pressing the Enter key will then apply the new custom minimum
area value and recalculate the contortion. In the resulting image, small, neglected
objects are denoted as omitted and displayed in black color. The title bar shows the
fraction of calculated versus total number of foreground objects in the image. The
Divide Range panel below the GTB viewport can be used to group the contortion value
range into small/medium/large using either pre-defined or custom values in the
respective threshold drop-down menu.

1.3.2 Pattern

This menu provides access to the following pattern analysis tools:

1.3.2.1 Morphological

This option will process the user-selected file using the following options:

» SPA2: this option will process a binary input image resulting in a simplified version
of the full MSPA with a map and statistics for two (2) morphological classes:
Contiguous areas and small/linear features (SLF), see Figure 14. SPA2 input images
are not subject to the MSPA input image size limitations.

The main purpose of SPA2 is to delineate small/linear features from contiguous
foreground objects.

» SPA3: this option will process a binary input image resulting in a simplified version
of the full MSPA with a map and statistics for three (3) morphological classes: The
two foreground classes Core and Margin plus the background class Core-Opening,
see Figure 14. SPA3 input images are not subject to the MSPA input image size
limitations.

The main purpose of SPA3 is to focus on Core, non-Core and Core-Openings only.

» SPAS: this option will process a binary input image resulting in a simplified version
of the full MSPA with a map and statistics for five (5) morphological classes: The
four foreground classes Core, Edge, Perforation, Margin plus the background class
Core-Opening, see Figure 14. SPAS input images are not subject to the MSPA input
image size limitations.

The main purpose of SPAS5 is to provide more details compared to SPA3 by adding
information on the internal and external Core-boundaries.
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» SPAG6: this option will process a binary input image resulting in a simplified version
of the full MSPA with a map and statistics for six (6) morphological classes: The five
foreground classes Core, Edge, Perforation, Islet, Margin plus the background class
Core-Opening, see Figure 14. SPA6 input images are not subject to the MSPA input
image size limitations.

The main purpose of SPAG6 is to provide more details compared to SPA5 by adding
information on isolated small fragments, which are too small to contain Core area.

Figure 14: Simplified Pattern Analysis (SPA) including coherent areas and small/linear features
(top-left), detection of holes inside Core and providing a total of 3-classes (top-right), 5-classes
(bottom left) and 6-classes (bottom-right).

I Contiguous H Wl core
; ; [ CoreOpening
[ sLF: small & e H [ Margin
SPAZ2: Contiguous & SLF linear features | SPA3: Habitat & holes in habitat
[l Core [ Core
[ CoreOpening I CoreOpening
1 .Edge I[[I]]::Eé__ .Edge .
HH (external border) S [l Perforation
] [l Perforation HHH B islet (fragment)
(internal border)
[ margin [ Margin
SPAS5: SPA3 + Core boundary types SPAG: SPAS + isolated non-core fragments

Compared to MSPA, SPAx may provide different results along image boundaries
due to a simplified treatment of image border pixels. More information can be
found in the Morphology Product Sheet.

» MSPA: this option will process a binary input image using the mathematical
morphology algorithm described in Soille & Vogt, 2009 and Soille & Vogt, 2022.
Compared to SPA2/3/5/6 the full version of MSPA provides many more
morphometric details of the foreground patches as well as detecting holes along
foreground boundaries. The 10 classes shown in Figure 15 are only the visual result
while the numeric result can provide details on up to 23 different morphometric
classes. The full MSPA version has many additional features to fine-tune the
analysis, for example, using the 4- or 8-connectivty rule for the foreground pixels,
using an EdgeWidth larger than 1 pixel, showing transition pixels of connecting
pathways and distinguishing background within from background at the boundary
of foreground. Further details on input requirements, processing options, resulting
pixel values and morphological classes are summarized in the dedicated MSPA
Guide or Online. This document provides information on the operating system
specific MSPA input image file size limitations, also available in the Help - About
GTB menu.
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Selecting MSPA statistics will conduct summary statistics for the foreground pixels
and the openings within foreground, more details can be found in the section
MSPA Statistics.

Standalone MSPA-plugins with documentation and installers are also available for
ArcGIS, R, and QGIS from the MSPA-website.

The main purpose of MISPA is to provide additional details on connecting pathways,
branches, and internal features and a user-selectable, scale-specific spatial pattern
analysis.

Figure 15: MSPA: overview of the various foreground and background MSPA pattern classes
derived from a binary input mask (9 - 23 classes, connecting pathways, variable edge width, and
additional fine-tuning options).

INPUT: binary map MSPA foreground classes
. Foreground: objects of interest . Core: interior area excluding perimeter
[[] Background: complementary area [l islet: disjoint and too small to contain Core

[] Loop: connected to the same Core area
. Bridge: connected to different Core areas

. Perforation: internal object perimeter

. Edge: external object perimeter

D Branch: connected at one end to Edge,
Perforation, Bridge, or Loop.

MSPA background classes
D Background outside Foreground

D Border-Opening: along Edge

. Core-Opening: within Perforation

» MSPA Tiling: this option will perform a MSPA-analysis with an automated buffered
tiling of a single image which is larger than the maximum file-size (MS-Windows:
10,0007 pixels; Linux/macOS: larger than 10,000 pixels depending on the available
free RAM). After verifying MSPA-compliance, a window will open, where the MSPA
parameters can be specified but with the fixed edge width = 1. No statistics will be
calculated for these large images. If statistics are needed, first process the image
via MSPA Tiling, then load the result into GTB, where it will be recognized as a
MSPA image, and then click the MSPA Statistics checkbox.

Important note: MSPA-tiling is a less than ideal and time-consuming solution,
which is not guaranteed to provide exact results. Please only use GWB for MSPA
processing of large images!
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1.3.2.2 Moving Window

This menu provides access to several moving window (convolution) algorithms,
implemented via the generic image-convolution program spatcon.c (K. Riitters,
personal communication, 2015; and demonstrated in earlier papers: Riitters et al.
1997, 2000, 2002, 2009). SpatCon metrics conduct focal statistics within a user-
defined neighborhood area over each pixel of the input image.

Image convolution (Gonzalez and Woods, 1992), also known as moving window, is a
general process that can be used for various types of smoothing, signal processing,
shifting, differentiation, edge detection, etc. It places a window (kernel) on each pixel
of the input map, calculates the pattern metric within the window, and puts the result
on a new map at the same location. The value of the resulting index is driven by the
dimension and the individual weights assigned to the window elements.

Think of it as opening an umbrella over a foreground pixel, do the assessment for the
area covered under the umbrella (local neighborhood), and assign the result to the
center pixel of the umbrella in the output map. The process is repeated over each
foreground pixel, hence the term moving window, and illustrated at four example
locations using a 3x3 neighborhood (umbrella) in the following chart:

Figure 16: Moving window analysis: a moving window of size n x n (here, 3x3) is centered over a
given foreground pixel, the metric is calculated, and the resulting value is assigned to the same
location in the output map. The central panel shows four example locations to illustrate the process.

Input map Moving window analysis =~ —s Output map (FAD)
5/9 (4/9 3/9 |5/9 |4/9
4/9 [6/9 |5/9 5/9 |4/9
4/9
1/9 2/9
2/9
4/9 [6/9 |4/9
6/9 19/9 |6/9 4/9 |4/9
4/9 16/9 (4/9 4/9 |4/9
i . FAD - Foreground Area Density
[0 Foreground pixel anm? \fu;n:;o\n-.' (lImere\Ia} Number of foreground pixels under umbrella
[ Background pixel :H: e.xacn;s;.r ,;xeTlxe : FAD= Number of all pixels under umbrella

Moving window principle: for each foreground pixel

1. Center the moving window over the foreground pixel

2. Calculate the metric from the pixels covered by the window
3. Assign the result to the center pixel in the output map

Figure 16 shows an example of a map of 10x10 pixels with foreground pixels in green
color. The central panel shows the application of a moving window analysis using a
3x3 window/umbrella. For the area covered by the umbrella, the metric Foreground
Area Density (FAD), equivalent to the amount of foreground area relative to the
moving window area, is assigned to the central location of the umbrella in the output
map. After repeating these steps for all foreground pixels, the result of the
computation is shown on the right panel, having identical pixel coverage as in the input
map but now showing the degree of FAD for each foreground pixel and considering a
local neighborhood of 3x3 pixels. Increasing the dimension, or size of the moving
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1.3.3 Graph Theory Network: GTN(MSPA)

The MSPA-analysis can be converted into a Graph Theory Network (GTN) setup for
further analysis in a graph theory application, here Conefor (Saura, 2009a). A Graph
Theory Network (GTN) is composed of Nodes (<> MSPA class: Core) and Links (<>
MSPA class: Bridge = connectors between different Cores) and the remaining MSPA
classes are neglected. A connected set of Nodes and Links is called a Component.

Figure 24: Relation between MSPA and Graph Theory

Graph theory (Conefor)

.Com
: Meoge

- .Podonﬁon
| [l Bridge <:>
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Dsnnch
B istet

@ node (core)
— Link (bridge)

Figure 24 shows the relation between MSPA and graph theory. The network illustrated
above has one component, which is composed of four Nodes and four Links. The
Nodes correspond to the MSPA class Core and the Links to the MSPA class Bridge. All
other MSPA classes are neglected for graph theory analysis, for example the MSPA
features Edge, Perforation, Loop, Branch, and Islet are removed when transitioning to
a graph theory network. In addition, a graph theory Link (MSPA Bridge) is a feature
without area.

The following GTN options are available after a MSPA-analysis:

1.3.3.1 GTN Components

Individual components of the graph theory network are displayed in alternating colors.
The color black is used for node-only components having no links. The ECA, Equivalent
Connected (Node/Core) Area, (Saura et al. 2011) is the square root of
PCnum= Z?I:l(node area of component;)?, the overall network connectivity. ECA is
measured in units of area, i.e., hectare, or in the generic case in units of pixels. ECA_rel
is the normalized or relative ECA with respect to
ECA_max= Z?’:l(node area of component;), when all components are fully

connected. When looking at landscape habitats, ECA rel is also known as ARH
(amount of reachable habitat) or PRH (percentage of reachable habitat). ECA_rel is
equivalent to the Degree of network Connectivity (DOC) of the NW Components in the
image.
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The information window below the main display shows the unique component
identifier, the total area of the component, and the contribution of links. Saving the
result will produce the following three files:

a) <name>_nw.tif: same graphics as displayed in GTB

b) <name>_nw_nwdata.tif: image with component IDs

c) <name>_nw.txt (only when saving the entire image): statistics for each component,
total area, and contributed area of links, ECA, DOC.

1.3.3.2 GTN Node/Link Importance

This option will show the connectivity importance for each node and each link of the
graph-theory network. The connectivity importance is calculated according to
equation 4 in Saura (2009b) and having the following three contributions: dPC =
dPCintra + dPCflux + dPCconnector, where the importance corresponds to the
term dPCconnector only. The information window below the main display shows the
node/link ID, and its absolute and relative connectivity importance. The importance
of all Nodes is normalized such that the highest Node importance is assigned to 100%.
The same normalization procedure is applied for the Links. After the normalization,
each individual Link or Node will have a relative importance within [0, 100]%, with
allows finding the most important Links and/or Nodes.

With respect to the maximum importance of Nodes/Links we then assign a decreasing
intensity of green color for Nodes: dark green (highest importance: 99-100%), medium
green (importance 95->99%), light green (90->95%) and with a decreasing intensity of
red for Links: dark red (highest importance: 99-100%), medium red (importance 95->
99%), light red (90->95%). Objects with a lower importance are color-coded with light
purple color to mark Nodes (having a negative ID), while the black color denotes Links
(having a positive ID to distinguish them from the Nodes).

Saving the result will produce the following four files:

a) <name>_cs.tif: same graphics as displayed in GTB

b) <name>_cs_conn.tif: connectivity importance for each node and link.

€) <name>_cs_ids.tif: unique identifier of each node and link where nodes have a
negative sign to distinguish them from links.

d) <name>_cs.txt (only when saving the entire image): statistics for each component, its
nodes and links, area, and connectivity importance.

1.3.3.3 MSPA Coneforinputs

The option MSPA Coneforlnputs will setup and save the two input files
nodes_mspa_<input>.txt and links_mspa_<input>.txt for further analysis in Conefor (Saura,
2009a). Use this option for detailed graph-theory analysis, which is beyond the
network connectivity importance provided within GTB. When using this option MSPA
Coneforinputs the connectivity is defined via the MSPA-detected structural
connectors (MSPA-Bridges). This is different to the option Coneforinputs, where the
connectivity is defined via the pairwise distance of image objects.
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1.3.4 Fragmentation

Fragmentation can be seen as the spatial heterogeneity, or the spatial composition
and arrangement of foreground objects in an image. It accounts for the number of
objects and the distance between them, hence addressing foreground and
background characteristics at the same time. Due to its holistic nature the description
of fragmentation is rather complex and, in the case of landscapes, usually defined for
a given species of interest and as such species-specific. Moreover, current
fragmentation definitions are only descriptive and for this reason do not allow
quantifying the degree or changes of fragmentation for a given image. In GTB, all
fragmentation assessment schemes are designed to quantify fragmentation into the
minimum-maximum range of [0 — 100]%. To further facilitate communication of the
result the Divide Range panel below the viewport can be used to group the
fragmentation values into the three categories small/medium/large. The GTB title bar
provides additional summary information of the selected fragmentation assessment
scheme.

The aim in GTB is to describe fragmentation by using different concepts, each
emphasizing a specific aspect of the very generic term fragmentation. Based on the
nature of the selected approach, each concept will provide a focused result, which
best matches the user-selected aspect of fragmentation. An additional benefit of
quantifying the state of fragmentation in percent on a given map, all measures permit
the comparison of the degree of fragmentation of different sites, the quantification of
changes in fragmentation over time, and monitoring as well as measuring progress in
planning programs and political directives.

1.3.4.1 Fixed Observation Scale (FOS)

This section provides methodologies to conduct a fragmentation analysis at a user-
selected specific Fixed Observation Scale (FOS). The user can choose between three
moving window metrics and four reporting schemes.

The three moving window metrics: FAD, FED, and FAC

The concept of a moving window was introduced earlier and exemplified for FAD in
Figure 16. A FOS-analysis can be conducted with measuring either the Foreground
Area Density (FAD), Foreground Edge Density (FED),or the Foreground Area Clustering
(FAC) metric. FAD measures the proportion of foreground pixels with respect to the
total number of pixels in the local neighborhood. FAC measures the proportion of
foreground |foreground adjacencies with respect to the total number of adjacencies
in the local neighborhood. Figure 25 illustrates the difference between FAD and FAC
at four example locations and using a 3x3 neighborhood (umbrella) in the top panel,
and for three amounts of foreground coverage in a 5x5 neighborhood in the bottom
panel. Both metrics measure the degree of local connectivity, or its complement
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fragmentation. FAD is driven by the amount of foreground while FAC is driven by the
local clustering or direct adjacency of foreground (for example forest pixels) in the
local neighborhood (area under the umbrella) over each foreground pixel. Note the
difference on the checkerboard.

Figure 25: Fragmentation metric FAD and FAC
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FAD: 4/25=16% 4/25=16% 10/25=40% 10/25=40% 24/25=96% 13/25=52%

FAC: 0/40=0% 4/40=10% 2/40=5% 9/40=22.5% 38/40=95% 0/40=0%
Example: 5x5 window: [ Foreground pixel
Total number of pixels: 25 M Center pixel
Total number of adjacencies: 40 == Common adjacency between foreground |foreground pixels

The third assessment option FED, or Foreground Edge Density, calculates the average
value along all foreground edges, where foreground pixels are assigned full coverage
(100%) and background pixels have no coverage (0%). With this assignment, FAD and
FED can then also be applied to grayscale input maps, i.e., tree cover density maps in
[0, 100]% (Vogt et al., 2024). When using grayscale maps, a grayscale threshold value
must be specified to define background cover, which is needed to delineate
foreground cover patches. Because FAC counts the same values along common
foreground edges, FAC is not applicable for grayscale input maps. A comparison of
FAD, FED, and FAC is exemplified in Figure 26 for a 5x5 window with binary or grayscale
pixel coverage.

Since FAD only counts the number of foreground pixels, it is not sensitive to their
spatial configuration within the moving window. But FED and FAC will change when
the spatial configuration of the foreground pixels is changed, see Figure 27.

If sensitivity to spatial configuration is of interest then the user may opt for using the
methodology FED or FAC. However, differences to FAD-derived values may only
appear for very small moving windows or when the foreground coverage is medium.
FED calculations, especially on grayscale data, will require more calculation time.
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Figure 26: Comparison of FAD, FED, and FAC
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Figure 27: Comparison of shifting two foreground pixel locations for FAD, FED, and FAC
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The four reporting schemes: 5class, 6¢lass, APP_2class, APP_5class.

The resulting map shows the degree of connectivity, or fragmentation in percent
within the user-specified neighborhood (under the umbrella) over each foreground
pixel. This pixel-level result is then color-coded into several categories of
connectivity/fragmentation to facilitate communication. Moreover, the per-pixel
values of a given patch can be aggregated into either, a single Average Per Patch-level
value (APP), or a single value at foreground or reporting unit level.
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1.3.5 Distance

This menu provides several options for Distance analysis.
When using GeoTIFF data the distance value in pixels is only meaningful for images
having equal-area projection!

1.3.5.1 Euclidean Distance

This option calculates the approximate Euclidean Distance map for both, the
background, and the foreground. If the Divide button below the viewport is not active,
a click on the Intext button will trigger the display of two summary graphs:

a) Distance histogram: including foreground and background specific information on
average distance (adf/adb), total number of objects (fgo/bgo), and maximum distance
found in the image. Here, Background data have a negative sign to distinguish them
from foreground data.

b) The Hypsometric Curve: the normalized cumulative frequency of the Euclidean
distance histogram:

Figure 34: Hypsometric Curve for the Euclidean distance distribution in the foreground and in the
background and related distance measures.

Hypsometric curve (input)

I I I [ T I I l I T I
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When viewing the image distance distribution as a pseudo-elevation map the
Hypsometric Curve summarizes the relief or contour lines in the foreground, the same
process is known as bathymetry in the background. Figure 34 shows the normalized
cumulative frequencies of Euclidean distances as well as the following related
statistics for the background and the foreground:

- Hypsometric Index (HI): adb/bg_max or adf/fg_max
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1.3.6 Restoration Planner

The scope of the Restoration Planner is to provide tools tailored to reduce habitat
fragmentation by increasing the area of reachable habitat and to provide answers to
the following key questions:

- What is the current restoration status of the existing network?

- Where and how much has the restoration status changed over time?

- How efficient is a specific restoration measure?

- What is the most efficient restoration measure?

- How can we simulate and evaluate various restoration measures?

The tools are designed to measure coverage, connected extent and degree of
coherence of an existing network of objects. Here, the generic term object refers to a
landcover parcel, species habitat, or any other homogeneous area outline. A set of
quantitative indicators is used to summarize the restoration status (Table 3) and/or
evaluate the cost and efficiency of a restoration planning event (Table 4). The tabular
summary statistics are derived from spatially explicit maps, allowing to detect
hotspots of changes as well as locating positions where restoration planning is most
efficient. The combination of spatially explicit maps and quantitative indicators has
been designed as a framework to investigate planning scenarios in landscape planning
as well as to provide concise and intuitive information to program managers, policy
makers and the public. More details and examples are summarized in the Restoration
Planner Product Sheet.

All indicators are measured in pixels, which is only meaningful for images having
equal-area projection!

1.3.6.1 The restoration status indicators

The Restoration Status indicators are based on the area of the network objects,
attributing a higher importance to larger objects. The two key restoration status
indicators, ECA (Saura et al. 2011) and Coherence are defined in Figure 37 and
illustrated in Figure 38.

Table 3: Summary of restoration status indicators.

Acronym Name Description Unit

ECA Equivalent Area of a fictive single object providing the same pixels
Connected Area amount of reachable area as the current set of objects

COH Coherence Degree of network coherence/connectedness [%]

REST_POT  Restoration Network restoration potential (100% - COH) [%]
Potential

RAC Reference Area  Network area proportion with respect to map dataarea  [%]
Coverage

CNOA Critical New Area of a single additional object resulting in the same  pixels
Object Area network coherence as found in the original network.
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Figure 37: Definition of the two restoration status indicators ECA and Coherence

1) SSQ (overall network connectivity): 5S5Q = Z(Ob ject,,,,)?  [Hectare?]

Sum of Squares of individual object areas

2) ECA (Equivalent Connected Area):

Area of a fictive single object providing the same
amount of reachable area as the current set of objects.

3) ECA,,.x (maximum ECA):
Area of a fictive single object having the same area as the ECA, ., = Z object,,,, [Hectare]
current set of all objects (= maximum network coherence).

ECA =,/S5Q [Hectare]

4) COH (Coherence):

Normalized index of network coherence CoH = -E%4 1100 [0, 100] %

(how well is the network connected?) LECA, ..

Figure 38: Example for restoration status indicator calculation for a network with five objects.

SSQ =22 + 22 + 3% + 4% + 52 = 58 ha?
ECA = ,/55Q = 7.62 ha
ECA, ., = Z object,,,, = 16 ha

COH = ;EX4 4100 = 47.60 %

max

ECA

RAC = ——=+ 100 = 25.00 %

Change: new - original
AECA = ECA — ECA,,, [ha]
ACOH = COH — COH,,; [%]

In principle, any kind of restoration planning will add new area to an existing network.
Here, the key question is: which of the following is most efficient?
Reconnect objects? Add area to an existing object? Add a new object?

Because both, ECA and Coherence are driven by large object areas (Sum Of Squares —
SSQ), it is evident that connecting large objects is most efficient, followed by adding
area to preferably large objects. Adding a new disjoint object will typically increase
fragmentation and consequently decrease network Coherence. The Critical New
Object Area (CNOA) is the area of a new object, which is large enough to compensate
the fragmentation effect and will result in the same network coherence as found in
the original network.
CNOA = (2bc?)/(b* — ¢?) withb = ECA,,4, and c = ECA

New object areas larger (smaller) than CNOA will result in coherence increase
(decrease). Further details are beyond the scope of this manual but can be found in
the Restoration Planner Product Sheet.
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1.3.6.2 The restoration planning indicators

The restoration planning indicators (Table 4) are designed to summarize and quantify
the expense and efficiency of a given restoration measure.

Table 4: Summary of restoration planning indicators.

Acronym Name Description Unit
RP Restore Pixels  Length (in pixels) of a given restoration path [-]
RESIST Resistance Difficulty to traverse a given pixel [3 — 100 (max)] [-]
EXP Expense Effort to establish a restoration path (3(RP*RESIST)) [-]
EFFIC Efficiency Proportion: ECA gained per unit of Expense pixels
AVDIST Remoteness Average distance of RP away from existing network pixels

The effort to implement a given restoration measure is modelled via the narrative
resistance, defined as the relative difficulty to traverse a given location. For a raster
image, each pixel is assigned to a specific resistance value of either:

- 0: pixel that can never be traversed (blocking = infinite resistance)

- 2: pixels of foreground object, having minimum resistance

- [3, 100] background pixel, having a larger resistance than foreground of at least 3
and maximum 100.

Because movement outside of foreground (FG) is more difficult, the background (BG)
resistance must always be higher than the foreground resistance. BG-resistance starts
at 3 to maintain compatibility and input data notation with all other GTB routines
where FG is assigned a value of 2 byte. BG-resistance values are not simply sequential
but can cover the entire range from minimum to maximum resistance [3, 100]. For
example, assume you are interested in woodland species and you have 5 landcovers
with different perceived resistances: woodland, natural grassland, intensive grassland,
cropland, water: woodland equals target habitat (resistance=2), natural grassland is
favorable to woodland species (Resistance=5), intensive grassland is 3 times more
resistant than natural grassland (Resistance=15), cropland is 10 times more resistant
than natural grassland (Resistance=50), water bodies cannot be traversed by the
woodland species (Resistance = 0). Assigning different relative resistance values will
result in different restoration expense, pathways, etc.

Setting the BG-resistance values is crucial, requiring a good deal of
thought and rationale!

The generic narrative resistance allows the user to finetune the image to specific
application setups: BG-pixels can be assigned to have a fixed resistance, or a variable
landcover-specific resistance, or a resistance that is proportional to the distance away
from FG-objects (i.e., for birds or flying insects). Other custom resistance assignments
could be to assign country roads a lower resistance than motorways, or privately-
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Due to image rescaling, the area/length measures displayed within the ROI
interface are approximate or indicative only. Correct area readings may be
retrieved on the final image using Accounting or other GTB assessment tools.

The ROI interface can also be used to select an existing irregular shaped object
(Figure 46, bottom panel), for example to assign it to a new resistance value: start
with placing a small ROl inside the target object. With the mouse pointer on the
small ROI, make a right-click and choose Grow Region, which will automatically
select the perimeter of the irregular shaped object. Select the Properties option to
finetune the region growing settings. Once all ROIs are defined, simply exit the ROI
window, and assign the desired resistance value to all ROIs in the final popup
window.

Figure 46: The ROI interface to define custom regions (top), example to select irregular shaped
objects through region growing (bottom left and center), and final ROI resistance assignment

window (bottom - right).

|

| G| w[#| x|alo|v[e &

Region 1 | Awa 1494 0000
Flegon 2| Permater. 23046825

Hegion 4

Mirimum:  255.000
Madmum: 255000
Mean 255000
Std. Dew.: 000000

Delete

Plat Histagram Y -

row Region » By threshold

By std. dev. multiple

Propesties...

» lIsochrone Map Marker Image: this option provides guided steps to setup a marker
image, specifying the start object (mandatory) and the optional target object and
missing data (Figure 47). The marker image is a single-band image of datatype Byte
with the same dimensions as the resistance map and having the following values:

Ob: background
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1b: start object A (either a single pixel or the area of an object)
2b: target object B (optional, only needed for Isochrone Map AB)
3b: no or missing data, or areas that should be neglected (optional)

The start/target objects A and B must be unique and must not intersect. The final
marker image is written to disk and can then be applied to a suitable resistance
map for travel time analysis using the Generalized Geodesic Distance function
(GGEO, Soille 1994), see Isochrone Map A or Isochrone Map AB below.

Figure 47: Three step setup to define a marker image for travel time analysis.

Setup Marker Image: general information . .
1) Click Start object
The cost marker image requires a 3-step setup: & press Enter key
Step 1: define start object A (polygon/point, 1 byte)
Step 2: define target object B (polygon/point, 2 byte)
Step 3: define missing data (pixels, 3 byte)
@) Setup Marker Image X
Note: [
- move mouse pointer in and follow the instructions | Step 1: define object A r
below the viewport; zoom in if needed @ P
~step 1is mandatory, step 2 and step 3 are optional LOCHEON (Nch) /Y (&) Poncn
- use Recode to merge different classes of missing data B2 O Puel
- the marker image will be saved to the default data directory |
| Define object A as:
;’"3:9 “{9“3 i S i | - Polygon surmounding this location Lancel
fes: to setup marker image via this interface, or I
No: to quit: first recode or setup marker image in a different | S A e Accept
way
) =
2) Click Target object 3) Click specific pixel
& press Enter key & press Enter key to define  Marker Image is saved
(optional): missing data (optional): for travel time analysis:
) Setup Marker Image X ;'mup Markermage, tep 3 define mising dota % | [Setup Marker image X
LS;;Z cm’edt‘ _B Pixel (270,379) selected for missing data.
-l xy All pixels having the ssme value as pixel 270,379) The marker image was saved as
585/400 will be marked as missing data. C\GuidosSource\data\input_marker.tif
Returning...
Define chiject B as The marker image is now defined.
- Polygon surmounding this location [\‘ Cancel ‘ |
|- Poxel point t this location ¢ Accest
or press Cancel'to skip setup of object B| | ‘ [,}
L 1

The Setup Tools allow to simulate any type of landcover change or spatial
restoration scenario. Once defined, the new setup can then be quantitatively
evaluated via the Assessment menu to retrieve either, a new status summary and/or
to quantify the efficiency of a simulated restoration measure.

1.3.6.4 Assessment

The submenu Assessment provides the following interactive methods and guided help
to conduct restoration status-, change-, planning- and travel time analysis.

» Status Summary: this option will calculate and summarize the key restoration
status descriptors of the network (Figure 48): area, coverage (RAC), # of network
objects, area of largest object, average object/patch size (APS), CNOA, reachable
area (ECA), degree of coherence (COH) and its complement restoration potential
(REST_POT).
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Figure 48: Example of restoration status summary assessment.

A B C D E E G H | ]
1 |REP_UNIT AREA RAC[%] NR_OBJ LARG_OBJ APS CMOA ECA COH[%] REST_POT[%]
2 |input.tif = 428490  42.86 2,850 214,811 150.35 311,712 221,292.76 51.64 48.36

Please use the Restoration Status batch module to derive a tabular restoration
status summary for a series of input files.

The main purpose of Status Summary is to get a quick overview on the current
restoration status of a given network.

Change Summary: this option will calculate and summarize the key restoration
planning descriptors (Figure 49), which are derived by building the difference
between the original network and the modified network including the restoration
features. The Restoration Change summary requires that both images must have
identical geospatial coverage. This option is applicable to any kind of restoration
scenario, such as a single new pathway or any custom setup via Setup Tools. The
result permits to quantify restoration effort and benefit expressed via the number
of restore pixels, remoteness, expense, efficiency, change in ECA/COH.

Figure 49: Example of restoration change summary assessment.

A B C D E F G H | j|
1 |REST_PIX AVDIST_RP EXP_3 EFFIC ECA_ORIG ECA_NEW DELTA_ECA COH_ORIG COH_MNEW DELTA_COH
2 339 8.293 1077 2346145 221292.76 246560.74  23267.982 51.644789 57.493603  5.B48Bl133

The main purpose of Change Summary is to quantify cost, efficiency, and impact
of a restoration event on the restoration status of the network.

Add Custom Path: this option allows to interactively draw a custom, 1-pixel wide
restoration pathway into a restoration-compliant resistance image (0: missing, 2:
FG, 3-100: BG). First, click on MSPA-Parameter 1 FGConn to activate the process.
Next, draw a straight line (left mouse button) or a freehand line (right mouse
button) while keeping the mouse button pressed. Release the mouse button to
finish the drawing process. A new popup window lists key indicators of the
restoration path, highlighted as a red line in the viewport. Start-, target- as well as
any intermediate encountered network objects are shown in beige color (Figure
50). Tabular summary statistics are saved to disk when saving the image. Click on
MSPA-Parameter 1 FGConn to reset the analysis for additional testing. Figure 51
shows, on a slightly zoomed subregion, a straight-line reconnecting pathway
between the same two start/target object as shown in Figure 50. Please note the
differences in restoration planning indicators: while the freehand line path entails
more restore pixels, the gain in coherence and the efficiency is higher compared
to the straight line due to the inclusion of intermediate steppingstones, which will
reconnect more habitat area. The beneficial effect of reconnecting intermediate
habitat is even more pronounced when detecting the optimum reconnecting
pathway, see next section and Figure 52.
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Figure 50: Example for Freehand Custom Path restoration assessment.

L .

o Custom Path result:

Restore Pixels: 200
DELTA_COH: 0.072982592
EFFICIENCY: 0.069359776
AVDIST_RP: 5.46738

tick FGeconn to reset

OK
A B C D ERE G H i
1 |REST_PIX AVDIST_RP EXP_30 EFFIC ECA_ORIG ECA_NEW DELTA ECA COH_ORIG COH_NEW DELTA_COH
2| 200 546738 6000 0.069359776 221292.76 221708.92 416.15865 51.644789 51717772 0.072982592

Figure 51: Example for Straight Line Custom Path restoration assessment.

Custom Path result:

Restore Pixels: 141

DELTA_COH: 0.039445969 T e - - r\‘_

EFFICIENCY: 0.057186005 - —
AVDIST_RP:  9.49549 ” i
L Al ';.'-I\ . -
tick FGeonn to reset L‘], ..\'~A:‘_'.“‘-L.
o T - ) =
pr & - * : L
= M s ",
F - « . StraightLine -
- )*;-- i r';-
- alslm # 1 - -
[ A& | B | ¢ | D [ E | Fo G H | 1 . J ,
1 |REST_PIX AVDIST_RP EXP_30 EFFIC ECA_ORIG ECA_NEW DELTA_ECA COH_ORIG COH_NEW DELTA_COH
2 141 9.49549 4230 0.0571865005 221292.76 221534.65  241.8968 51.644789 51.684235 0.035445969

The main purpose of Add Custom Path is to assess the impact of an already defined
restoration pathway or to quickly simulate and evaluate various options of
restoration pathways.

Find Optimum Path: this option will calculate and display the optimum restoration
pathway between two user-selected objects on a restoration-compliant resistance
image (0: missing, 2: FG, 3->100: BG). First, click on MSPA-Parameter 1 FGConn to
activate the process. Follow the on-screen instructions to define the start object
and the target object, then click on MSPA-Parameter 1 FGConn again to start the
detection. The optimum path (minimum travel time and expense) depends on the
BG-resistance. It is calculated via GGEO, which tries to take advantage of
steppingstones along the pathway to reduce travel time and to minimize
restoration expense (Figure 52). An increase in BG-resistance enforces stronger
optimization by including more intermediate objects, resulting in less expense and
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a higher coherence gain. The left panel of Figure 52 shows the setup instructions,
the center panel the optimum path between the start object (dark-blue) and the
target object (light blue) with restore pixels highlighted in red color, and the right
panel the travel time map with the least cost path outlined in grey color. The
optimum path may include alternative, parallel pathways and/or bifurcations in
the background having the same isochrone value. While alternative pathways are
important for planning restoration pathways, these features may lead to an
increased number of restore pixels and expense resulting in a decrease in
efficiency. This implies, that the actual efficiency will be higher, if alternative
pathways are neglected.

Please note the difference in parameters, esp. efficiency in Figure 52 compared to
Figure 50 and Figure 51 connecting the same two objects. In this example with a
constant BG-resistance of 30%, the optimum path takes advantage of
intermediate objects. To establish this path, only 65 restore pixels are needed with
an expense of 65*30 = 1950, while coherence will increase by 11%.

Figure 52: Example for Optimum Path restoration assessment.

e —
Setup Marker Image: general information 42 =
% Optimum Path @
The Reconnect Marker Image requires a 2-step setup T Vo >
@ e poseon B el
Step 2 define target object B (polygon) %;Sf" 2,3"“5-«;)
Pk
" e
m ind follow the instructions = - s
n oom n f needed ywz;'&z"g‘.- Ios
s o -
Yes: t tup the R t Marker Image -3 P, 4
Ne . ~ f’g’h, A
> ~ -
< <
: : 5 <
Information X
Reconnect Marker Image setup successtully %
Please click on FGConn to calculate the Restore Path
Note >
FG-resistance is fixed at: 2%, =
BGresstance is set o: 30%. =2
A B C ) 3 F G H I ) K L low m—m— s high
1 |SIZE_A SIZE_B REST_PIX AVDIST_RP EXP_30 EFFIC ECA_ORIG ECA_NEW DELTA_ECA COH_ORIG COH_NEW DELTA_COH o O Least COSt Path
2| 1451 33508 65  1.80456 1950 24.151311 221292.76 268387.81 47095.056 51644789 62.626224  10.981435

The main purpose of Find Optimum Path is to detect the optimum restoration
pathway between two given objects. The drawback is slow processing time.

Show Optimum Big 5: this option will calculate the pairwise optimum pathway
between the five largest objects on a restoration-compliant resistance image (0:
missing, 2: FG, 3->100: BG). The result shows the restoration pixels in red between
the five largest objects color-coded in decreasing size from the largest object in
blue, cyan, green, yellow, and brown. The image is accompanied by a summary
table (Figure 53) listing the size of the objects and the related restoration planning
indicators. This table can then be sorted for the topic of interest. In this example,
the most efficient restoration pathway (EFFIC=217) is found for connecting the
largest object with the fifth-largest object (1 €< 5), requiring 2 restore pixels only
to achieve the highest efficiency (ratio of AECA/EXPENSE). If the focus is on
coherence increase, then the connection between the second and fourth biggest
component (2 €<= 4) should be considered.
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Saving the result will create a new directory with the aggregated map and
summary table as well as 10 individual maps of restoration and travel time
pathways between each of the 5 largest objects.

Figure 53: Example for Optimum Big 5 restoration assessment.

S R N R .

7 -

S

. T
- Restore pixe_!ls R
= r S = v

A 8 C D E F G H | s K L M

1 RESTORE SIZE_A SIZE_8 REST_PIX AVDIST_RP EXP_30 EFFIC ECA_ORIG ECA_NEW DELTA ECA COM_ORIG COH_NEW DELTA_COH
2 1<>2 214811 33508 18 214992 540 90.476013 221292.76 270149.8 48857.047 51.644789 63.044285 11.3995
3 1<>3 214811 26366 43 124715 1290 34.731307 221292.76 266096.14 44803.386 51644789 62.094668 10,4493
4 1<>4 214811 14983 8 120711 240 13113431 22129276 252764.99 31472233 51644789 58.588605 7.34382
5 1<>5 214811 13850 2 141421 60C217.68263)221292.76 23435372 13060.958 $1.644783  54.69267 3.04788
6 2¢>3 33508 26366 23 466506 690 S.S0TI699 221292.76 2252957 4002.9452 S51.644789 52576165  0.931376
7 2<->4 33508 14983 61 179058 1830 35.133502 221292.76 285587.07 64294309 51.644789 66.640159
8 2<>5 33508 13850 56 185377 1680 27.135228 221292.76 266879.94 45587.183 SL6M4789 62275681 10,6309
9 3<>4 26366 14983 41 1239 1230 2.6203955 221292.76 224515.84 3223.0865 S1.644789 52.391973  0.747183
10/3<¢>5 26366 13850 40 123462 1200 2.5434958 221292.76 22434495  3052.195 S51.644789 52352216  0.707427
11 4<->5 14983 13850 5 108284 150 9.9899756 221292.76 22279125 14984963 51644789 51993898  0.349109

The main purpose of Optimum Big 5 is to detect the optimum restoration pathway
within the entire image. The drawback is very slow processing time.

Isochrone Map A: this option will calculate and display the travel time map starting
from object A. The input map must be a restoration-compliant resistance image
(0: missing, 2: FG, 3-100: BG). The marker image should be setup via the
Isochrone Map Marker Image from the Setup Tools menu.

The main purpose of Isochrone Map A is to display the travel time distance from a
selected object, which might be of interest for restoration planning starting from
that object. The drawback is slow processing time.

Isochrone Map AB: this option will calculate a travel time map starting from object
A and a second one starting from object B, which are then combined into the final
travel time map AB. The input map must be a restoration-compliant resistance
image (0: missing, 2: FG, 3->100: BG). The marker image should be setup via the
Isochrone Map Marker Image from the Setup Tools menu.

Pixels having the minimum value of this map correspond to the shortest travel
time and their skeleton is the Least Cost Path between start object A and target
object B. The title bar shows the minimum and maximum travel time values
encountered in the image. Travel time inside a start/target object is set to zero.
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1.4. The Quick Access pull-down menu

This section and each entry within are briefly summarized with an introduction named
Overview. Please have a look at this overview, the respective sections in this manual,
and the mentioned product sheets to better understand the scope and usage of each
menu entry. The Quick Access pull-down menu offers shortcuts to the following
essential tools:

» Recode Classes (Shortcut to: General Tools — Preprocessing — Recode Classes)

» Setup Batch Recode Table (Shortcut to: General Tools — Preprocessing — Setup
Batch Recode Table)

» Accounting (Shortcut to: Image Analysis — Objects — Accounting)

» Pattern (Shortcut to: Image Analysis — Pattern — Morphological — MSPA)

» Fragmentation (Shortcut to: Image Analysis — Fragmentation —Fixed
Observation Scale (FOS))

» Landscape Mosaic (Shortcut to: Image Analysis — Pattern — Moving Window —

Counting Pixels — Landscape Mosaic)

1.5. The Help pull-down menu

The Help pull-down menu offers the following options:

» GTB Documentation
» GTB Training

» GTB Online

» Related Resources
» Bug Report

» About GTB

1.5.1 GTB Documentation

» GTB Manual: this option will open the GTB Manual in a separate window. The
manual provides general information on the graphical elements and the nature
and functionality of the various GTB menus and options.

» MSPA Guide: this option will open the MSPA Guide in a separate window. The

guide contains important, detailed information on the input data requirements for
the processing of MSPA, the MSPA parameters, the resulting MSPA image output,
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1.5.3 GTB Online

>

GTB News: displays current ongoing activities and upcoming changes to be
included in a future version or revision of GTB.

GTB Homepage: will open the GTB homepage in a web browser providing current
information on the GTB software.

Check for Updates: check for & install GTB upgrades:
o Program release: includes major changes within the libraries of the IDL
programing framework requiring a new installation of GTB.
o Revision release: a small patch, which will either fix issues found in the
previous program release and/or add new features. A revision release can
be installed automatically into the existing installation.

GTB Product Sheets: open the GTB homepage at the section Product Sheets
providing links to pdf-files having further documentation, explanation and
application examples of dedicated GTB products.

GWB (GTB Workbench): open the GWB homepage in a web browser. GWB
provides the most popular GTB analysis modules as command-line modules on
64bit Linux workstations and servers. Command-line instructions, valid for any
GWB installation and exemplified with the two included sample images, are
detailed in the GWB online manual.

pyGuidos: open the pyGuidos homepage in a web browser. pyGuidos is a Python-
only implementation of the main GWB modules.

1.5.4 Related Resources

>

>

>

>

GIS Introduction: an introduction into the Geographical Information System (GIS)
provided by members of the QGIS project.

GDAL: a translator library for raster and vector geospatial data formats providing
a variety of useful command line utilities for data translation and processing.

CCRS Tutorial: an introduction into the fundamentals of Remote Sensing provided
by the Canada Centre for Mapping and Earth Observation.

OpenForis: OpenForis is a set of free and open-source software tools that
facilitates flexible and efficient data collection, analysis, and reporting.

SEPAL: the FAO cloud computing platform provides a variety of tools for geospatial
analysis in a browser-based online portal. SEPAL includes the GuidosToolbox
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Workbench (GWB), providing easy access to the most popular GTB analysis
modules, via either the command-line interface or a GUI.

» EUFO: the EU Observatory on Deforestation and Forest Degradation, exemplifying
forest attribute layers (Fragmentation, Accounting, Pattern) derived with GWB.

» TreeAtlas: a link to the free European Atlas of Forest Tree Species.

» IMPACT Toolbox: this software collection offers a combination of remote sensing
techniques, photo interpretation, and processing technologies in a portable and
stand-alone GIS environment allowing users to accomplish all necessary pre-
processing steps to produce a landcover map from Earth observation data.

» Conefor: this software permits quantifying the importance of habitat patches and
links for landscape connectivity. In GTB, you may use Coneforlnputs or MSPA
Coneforlnputs to setup input files for further graph-theory analysis in Conefor.

1.5.5 Bug Report

This option will setup a text file for bug reporting, including date and program version,
installation details, and a log of processing steps. If you find a problem, please add
precise and concise information allowing to duplicate your issue, which will facilitate
detecting and fixing the problem in a future update. Finally, email the bug report to
the developer.

1.5.6 About GTB

This option provides information on the currently installed program/revision version
of GTB, homepage and contact information, the operating system dependent
additional software, and the maximum image dimensions for various processing
routines supported in GTB. On Linux and macOS the maximum supported image
dimension for MSPA is recalculated dynamically accounting for the actual amount of
available free RAM in the operating system.
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2. The Image/Display Attributes window (top left panel)

This panel allows changing the image and display attributes of the image shown in the
viewport in the right panel.

The left side provides:

- Normalized: display the image values using either their apparent values (default) or
normalizing them into the range [0, 100].

- Autostretch: this switch will scale the present image values into [min, max]. This
feature can be used to visualize images with small contrast range when using s
spanning the entire range of [0, 255] byte.

- Original Image: selecting this button will restore the initially loaded image.

- Image Info: a separate window will display details of the currently loaded image,
such as data type, number of bands, unique pixel values, and, if a GeoTIFF image was
loaded, the geoheader information including projection name and EPSG-code.

The right side provides:

- Select Colortable: a series of predefined color tables and the option to setup a user-
defined color table adjustable via a dedicated window interface. The option
Save/Restore allows for saving or restoring any GTB-generated color table.

- Zoom Mode/Factor: these settings are used to specify a rectangular Region Of
Interest (ROI), a sub region of the image: prior to the definition of the ROI, a zoom
factor in the range of [1, 10] should be selected from the Factor drop-down menu.
Next, a rectangular ROl is defined by holding down the left mouse button and dragging
the mouse inside the graphic display. The selected region is outlined in green color
and constantly updated until the mouse button is released. The selected zoom factor
is then applied to the selected area and displayed in the viewport. The Zoom Mode
button changes to Quit Zoom, providing the option to return to the display showing
the entire image extent.
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3. The MSPA window (bottom left panel)

This window is divided into the following two segments:

3.1.

MSPA Settings

This window allows changing the settings of the four MSPA parameters (more details
can be found in Help = GTB Documentation - MSPA Guide):

1.

3.

FGConn: the default setting for the connectivity of the foreground pixels is 8-
connectivity (cardinal and diagonal directions) but may also be constrained to 4-
connectivity (cardinal directions only).

EdgeWidth: the MSPA analysis scale driving the distance of the non-Core boundary
classes (default: 1); the selected value is equivalent to the resulting boundary
width in pixels. The x-entry in the drop-down menu can be used to insert a custom
value within [0, 100]. A new custom value will only be assigned after the Enter key
has been pressed.

Transition: Transition pixels are those pixels of an Edge or a Perforation where the
Core area intersects with a Loop or a Bridge. The default value (1: checkmark set)
is to show transition pixels as Loop or Bridge pixels connecting to the Core area.
However, doing so will interrupt the visual integrity of a closed Edge or Perforation
perimeter. The closed perimeter display can be maintained by switching transition
to off (0: checkmark unset). Please note that when transition is off, short Bridges
of 2 pixels will not be visible since they are hidden under the Edge/Perforation
pixels.

Changing the Transition setting will change the visual appearance only but not the
actual pixel values or statistics of the MSPA image!

Intext: this parameter allows distinguishing internal from external background,
where internal background is defined as being surrounded by blue Perforation
pixels. The default is to enable this distinction, which will add a second layer of
classes to the seven basic classes. All classes, except for Perforation, which by
default is always internal (105 byte), can then appear in internal or external
background.

Setting Intext=1 is needed to retrieve information on Openings in the Foreground.
Please read the Help - GTB Documentation - MSPA Guide for further details.

The 4-parameter fields are also used for non-MSPA purposes (marker image, Recode
Line, Restoration Planner, and Distance analysis), please consult the respective
section for further information.
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3.2. MSPA Statistics

The MSPA analysis requires a (pseudo-) binary input image. In general, the rectangular
image area is composed of the following two parts:

1) Data area (required): pixels with information and assigned to be either background
or foreground.

2) Missing area (optional): pixels without information.

In the left image below, the data-area corresponds to pixels where information is
available (the rectangular area composed of grey-scale pixels). The no-data area,
where pixel information is not available, are the cloud pixels (white pixels at the
bottom left of the data area) and the boundary segments (black) between the image
boundaries and the grey data area. Please note that a particular landcover type could
be defined as ‘Missing’ to exclude it from the MSPA analysis.

Figure 54: Left: the rectangular image area is composed of data and no-data area.
Right: example of entries in the MSPA statistics window.

MSPA STATISTICS

FG/data[%] | #/BGarea |
CORE(s) |5.92/254 [1161
CORE(m) |7.83/336 19 |
CORE() [61.34/2629 16

ISLET | 3.26/140 2429
PERFOR |217/093 423
EDGE [13.54/5.80 |8%0
LooP |0.60/026 541
BRIDGE |1.42/061 765
BRANCH |3.93/168 (4685
Background | -/57.14 | 2319/571240
Missing | 0.03 51/270
Opening 2291/57116
CoreOpen | -/ 0.59 717/5927
BorderOpen | -/ 5.12 1574/51189

Data (gray) / no-data (black/white) MSPA statistics window

X:685 Y:8

[] Divide

We have: Image = Data + Missing = (Foreground + Background) + Missing

The MSPA statistics window shows simple statistics of the seven basic MSPA
Foreground classes plus Missing, Background and Openings:

Left column: shows the percentage = number of class pixels per foreground area and
per data area.

Right column: shows its frequency = number of unique objects of the given class and,
where applicable, the area = number of background pixels covered.

In the example above and exemplified for the class ISLET we find:

- 3.26% of the Foreground area are Islet pixels

- 1.40% of the Data area (= Foreground + Background) are Islet pixels

- 2429: there are 2,429 Islets (regardless of their individual size) in this image.

Similarly, for the class PERFORATION the statistics show that the image has a total of

423 perforations, and all perforation pixels together make up 2.17% of the Foreground
area, or 0.93% of the Data area (foreground area + background area). The total
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Background area enclosed by Perforation pixels (Core-Openings) amounts to 5,927
pixels.

Important: changing the setting for Transition only changes the display color of the
Transition pixels, it has no impact on the actual pixel values. Regardless of the actual
Transition setting, the statistics in GTB/GWB are always calculated for closed
boundaries (Transition=0) to provide consistent results for the parameter Porosity,
see below or page 6 of the Morphology product sheet. In this way, page 6 of the MSPA
Guide, the pixels of class 5b) Loop in Edge and 6b) Bridge in Edge converge in the
statistic of class 4) Edge, and the pixels of classes 5c) Loop in Perforation and 6c) Bridge
in Perforation converge in the statistics of class 3) Perforation.

Openings: a given foreground cover may contain openings, which can be divided into
Core-openings (dark-gray, 100 byte; completely inside Core and surrounded by blue
Perforation pixels) and Border-openings (medium-gray, 220 byte; next to foreground
boundaries and not completely inside Core). Statistics for both type of openings are
displayed in the MSPA statistics window and opening pixels are assigned with the
values 100/220 byte, if Internal = 1. If Internal = 0 no distinction is made between
regular background and Openings. Finally, the integral Foregound (iFG) is defined as
the sum of foreground + all openings. There are 2,291 openings in the Foreground
area with a total area of 57116 pixels. 717 of the 2,291 openings are Core-Openings
within the Core area of the forest covering a total area of 5927 pixels (area inside of
Perforations). The remaining 1574 openings are Border-Openings (see bottom panel
in MSPA statistics in Figure 54) located along the outside forest boundary (Edge) and
covering a total area of 51,189 pixels.

Porosity measures the degree of Core-Openings inside the contiguous foreground

(Contiguous

area. Porosity = 100 — * 100), Contiguous = Core+Edge+Perforation

Internal
and Internal = Contiguous+Core-Openings. Forest porosity is 0% if the forest has no

openings at all.

If the Divide checkbox below the viewport is checked, the statistics for the MSPA class
Core will be provided individually for small/medium/large Core areas.

Please note that the purpose of these basic statistics is to provide a quick summary
only. For example, the statistics do not account for the distinction of internal/external
Core classes. The statistics will be reset in case of changing a MSPA parameter
affecting the statistics. More details on the MSPA classes are available in Help - GTB
Documentation - MSPA Guide.

MSPA-plugins with documentation and installers are available for ArcGIS, R, and QGIS.
They can be downloaded from the MSPA-website.

MSPA is also available as a standalone executable for inclusion into custom scripts.
More details on the use and settings of the standalone version can be found on the
last page of the Help - GTB Documentation - MSPA Guide.

Additional information is summarized in the MSPA Guide and Product Sheet.
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4. The Viewport window (top right panel)

This window displays the original, processed or the zoomed area of the image. The
image is either displayed in its original size or automatically downsized to fit into the
GTB viewport. Any processing is performed on the original non-zoomed image. The
icon of the mouse pointer inside the viewport can be changed via the General Tools
- Switch Cursor option.

5. The Pixel Locator/Value panel (below the viewport)

This panel below the viewport shows the pixel coordinates, value, and type for the
current location of the mouse pointer in the viewport. This feature works in full display
as well asinZoom Mode. It will also list related specific class names when investigating
certain image types in the viewport, i.e., MSPA, FAD or MCD.

6. The Divide Range panel (below the viewport)

This panel below the Pixel Locator/Value panel allows dividing the data range of the
following image types into the 3 groups: small/medium/large. The two thresholds
defining these groups are defined via two drop-down menus. The user can either
select predefined settings or enter custom thresholds to define threshold values for
the 3 groups. A new custom value will only be assigned after the Enter key has been
pressed.

e MSPA: divide the MSPA core area [pixels],

e Fragmentation: divide the Fragmentation range [%],

e Contortion: divide the Contortion range,

e Isochrone Map: divide the travel time range,

e Distance: Divide the distance range [pixels] for foreground and background.

e Influence Zones: define the width of buffer zones into the Foreground (to
define Core-objects) and into the Background (buffer zones ranging outside of
Foreground or Core objects),

e Proximity: define CoreZones and maximum proximity values of interest.
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7.

Limitations, known issues and tweaks.

The following list summarizes known limitations and provides suggestions for
potential issues arising when using GTB:

10.

11.

12.

13.

Proxy: GTB includes an automatic proxy-detection, which can be disabled by
placing an empty file noproxycheck.txt into the GuidosToolbox\data folder.

GTB image dimensions: the module-specific maximum dimensions measured in
pixels in x and y are listed under Help - About GTB. By default, GTB can load
images up to 30,000 x 30,000 pixels. This limitation can be disabled by placing an
empty file nolimits.txt into the GuidosToolbox\data folder. Warning: using this tweak
is unsupported and may result in system hangs or program crashes! For processing
of large images use GWB, which has no size limitations.

MSPA image dimensions: up to 10,000 x 10,000 on MS-Windows. On Linux and
macOS, the maximum size for MSPA processing is larger and recalculated
dynamically accounting for the currently available amount of free RAM, click on
Help ->About GTB. Alternatively, one of the SPA modules may suffice, supporting
image dimensions up to 30,000 x 30,000. MSPA Tiling is another workaround but
precise reults are guaranteed only when using GWB, which has no size limitations.
Restoration Planner: analysis schemes based on GGEO may be very slow.

GTB window size: the size of the application window is driven by the currently
loaded image dimensions and cannot be maximized to fit the entire screen.

Save Image -» kml: on certain 64-bit versions of MS-Windows, the option to save
an image in kml-format may not work due to a conflict with other GIS-software
installed in the system. A patch to address this issue is available in the folder
C:\GuidosToolbox\guidos_progs\. Double-click the file fix_saveaskml.bat and provide the
administrator password to apply the patch.

GDAL: the GTB MS-Windows included version is 1.11.3. Newer versions with
additional features can be obtained from the GDAL Binaries website.

Data folder on network drive: the full path to the image filename must not contain
any empty spaces, special or non-Latin characters (diacritics, ligatures).
Concurrent use of external software: simultaneous opening/processing of the
same raster file in GTB and another software (QGIS, ArcGIS) should be avoided.
Concurrent use of GTB: running multiple instances of GTB from the same
installation directory may cause overwriting temporary files within the program
directory, resulting in program crashes or erroneous results. Multiple instances of
GTB on the same machine can be run but must be executed from different
installation directories.

Batch processing under MS-Windows: a MS-Windows system-inherent problem
will limit the number of files for batch processing (maximum 32,000 bytes of string
can be read). Either shorten the length for the full path to the image files, use the
Linux/macOS version of GTB, or even better use GWB.

Undo/Redo: this step may not always work reliably. Since only one processing step
is saved, the user is advised to save intermediate results to the hard drive.

GTB for MS-Windows 32-bit has been discontinued. The latest, unsupported
version 2.702 can be downloaded from the GTB homepage.
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