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1. Sample Data 
Sample data are available for running the Telecoupling widgets. Download and unzip our 
sample data folder. This data repository contains all the tabular and spatial data necessary 
to practice running the GeoApp widgets.  

 

2. Data Processing 
Some data need to be processed before or after running the widgets. Here we list two 
examples: preparation of shapefiles and exporting the widget output for some widgets  

2.1 Shapefiles 

For the widgets requiring a zipped shapefile as input, you need to make sure at least 3 
mandatory files with extensions .shp, .dbf, .shx are zipped together. Additional files that 
are sometimes tied to the shapefile can also be included but are not mandatory (Figure 1). 
After you zip together the necessary files, you will need to provide the .zip file as the input 
parameter for the appropriate widget. 

 

Figure 1. An example showing the collection of files that are necessary to represent vector 
data in a shapefile format. Files surrounded by a red box represent the three mandatory 

files needed to define a shapefile (.shp, .dbf, .shx). 

 

2.2 Raster files 

For the widgets requiring a zipped group of raster files as input, make sure you provide a 
zip file containing all the raster files, NOT a zipped folder. See example below: 
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Figure 2. An example showing how users should zip raster files whenever a widget tool 
requires in input zipped folder with a collection of raster files in it. 

 

NOTE: in some case the widget tool may ask explicitly for a zipped FOLDER with some 
files and subfolders nested inside it (e.g. see Habitat Risk Assessment widget tool). In 
that case, provide the .zip file of the entire folder and subdirectories/files in it. 

 

2.3. Export output data/layers 

Using some telecoupling widgets, you may want to view or export the output, and the 
output panel provides the functions to do that. Take the Add Systems widget as an 
example. After adding two systems on the map, you will see the output panel as it appears 
in Figure 3. Clicking on the button circled in red will provide options to view or export the 
output in different formats. 
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Figure 3. Options to view and export output in the Output panel of the Add Systems widget 

 

3. GeoApp Resources 

 

Figure 4. Menu bar with GeoApp resources 

 

The menu bar includes links to several helpful resources to assist beginning and returning 
users. Links to GeoApp resources include: 

Home: http://telecouplingtoolbox.org 

Sample Data: 
https://s3.amazonaws.com/telecoupling-toolbox-sample-data/SampleData_GeoApp.zip 

Case Studies:  

1) https://telecoupling.msu.edu/geo-app/agri-trade 
2) https://telecoupling.msu.edu/geo-app/tourism 
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3.1. Home 

The Home widget links you to the homepage of Telecoupling Toolbox. 

 

3.2. Sample Data 

Click on Sample Data if you want to download our sample data to practice with the 
telecoupling widgets. 

  

3.3. Case Studies 

Click on Case Studies if you want to learn about potential applications of the GeoApp, 
including agricultural trade and international tourism, and the widgets that apply to these 
case studies. 

 

3.4. Start Tutorial 

The Start Tutorial widget provides step-by-step instructions to let you explore all the 
telecoupling widgets. When clicking on the Start Tutorial button you can select a specific 
telecoupling widget to explore (Figure 5), which will provide step-by-step instructions 
specifying data needs and procedures to run the tool (Figure 6 and Figure 7). 
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Figure 5. Start Tutorial widget 

 

Figure 6. Example of step-by-step instruction shown with Start Tutorial widget 
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Figure 7. Example of step-by-step instruction shown with Start Tutorial widget 

 

4. Utilities Widgets 
There are some widgets in our Telecoupling GeoApp that are not used for telecoupling 
system analysis but, instead, for assisting general use of the app, such as adjusting the map 
view and providing basic information to the app user. These widgets are categorized as 
utilities widgets. These utilities widgets will be introduced in this section (Figure 8 and 
Figure 15). 
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Figure 8. Utility widgets shown on Telecoupling GeoApp interface 

4.1 Find places 

The Find widget lets you locate an address or place on the map by typing information into 
the search bar. 
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4.2. Measurement 

 

Figure 9. Measurement widget 

The Measurement widget lets you measure the area of a polygon, length of a line, or find 
the coordinates of a point. 

4.3. Share 

 

Figure 10. Share widget 
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The Share widget lets you share the GeoApp by posting it to your social media account, 
sending an email with a link, or embedding it in a website or blog. It also provides an easy 
way to define URL parameters for the app. 

 

4.4. Print 

 

Figure 11. Print widget 

 

The Print widget lets you print the current view of the map in a chosen format. 
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4.5. Basemap 

 

Figure 12. Basemap widget 

The Basemap widget presents a gallery of basemaps that can be used in the GeoApp. 

 

4.6. Time Slider 

The Time Slider widget lets you view active temporal layers in a map, and animate the map 
to see how the data changes over time. Using the widget, you can control the animation of 
the data with buttons to play/pause, go to a previous time period, and go to the next time 
period. 

To use this widget, you need to add a layer with a temporal component (here we use 
Imagery: Panchromatic Landsat from the Layer List of the GeoApp (section 4.10) as an 
example). Click on the Time Slider widget button; a time period appears with the animation 
showing data changes over time.  
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Figure 13. Appearance of the Time Slider widget and the time period bar 

 

Click on the time period bar that appears at the bottom of the interface. A control panel will 
appear with functions including play, pause, adjustment of animation speed, and the time 
period window to control the animation of data. 

 

Figure 14. Control panel for data animation 

4.7. Default Extent 

Click on the button with a home logo at the bottom-left of the interface. This will return you 
to the default extent of the GeoApp. 

 

4.8. Zoom 

The Zoom In/Out buttons at the bottom-left of the interface allow the user to adjust their 
view of the map. 
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Figure 15. Utility widgets shown on Telecoupling GeoApp interface 
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4.9. Legend 

Figure 16. Legend widget 

The Legend widget shows symbols and colors for each active layer on the map. 
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4.10. Layer List 

 

Figure 17. Layer List widget 

The Layer List widget displays all available layers in the GeoApp. This includes layers that 
are produced after running telecoupling widgets, as well as pre-loaded layers available to 
the user (including Landsat and Sentinel imagery as well as elevation and land cover data). 
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4.11. Add Data 

 

Figure 18. Add Data Widget 

The Add Data widget allows users to bring additional data into the GeoApp by searching 
for layers in ArcGIS Online, entering URLs to map services, or uploading local files including 
shapefiles, csv, GPX, and GeoJSON. 
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4.12. Select 

 

Figure 19. Select widget 

The Select widget lets you interactively select features on the map and take actions on the 
selected features. 
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4.13. Draw 

 

Figure 20. Draw widget 

The Draw widget lets you create graphics that display on the map. It provides options to 
add lines, polygons or text with different appearances including color, width, style and 
transparency to the map.  
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4.14. Extent Indicator Frame 

The Extent Indicator Frame widget shows a small-scale reference to the location of the area 
currently shown in the main portion of the map 

 

5. Telecoupling Widgets 
The following widgets were designed specifically to visualize, operationalize, and quantify 
the telecoupling framework. Accordingly, they are separated into Systems, Agents, Flows, 
Causes, and Environmental and Social Analysis widgets. 

 

5.1 Systems Widget 

The Systems widget contains widget tools that are meant to map and visualize the 
geographical location of all areas that are interconnected within the telecoupling of interest. 
Systems are divided into sending, receiving, and spillover. Sending systems (e.g. exporting 
countries) are those locations where goods, information, or ecosystem services originate. 
Receiving systems (e.g. importing countries) are locations that consume goods, information, 
or ecosystem services. Spillover systems (e.g. countries other than the trade partners) are 
locations that directly or indirectly affect or are affected by the interactions between 
sending and receiving systems.  

 

Figure 21. Screenshot showing the Systems widget tools 
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5.1.1. Add Systems 

 

 

Figure 22. Add Systems widget tool 

 

Interactively add telecoupling system components (i.e. "sending", "receiving", "spillover") 
with an explicit spatial location to the map. The tool reads the spatial coordinates of the 
input systems pinned onto the map using the circled tool from Figure 23 and displays them 
with a pre-assigned symbology on the map.   
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Parameter Explanation 

Input Systems  Click on the map to add the spatial location of the 
system components. 

Role Attributes  Assign roles in telecoupling systems to selected 
systems (i.e. sending, receiving, or spillover) 
Note: must align the order of selecting systems. 
Separate with commas. 

Name Attributes  Assign names to selected systems. 
Note: must align the order of selecting systems. 
Separate with commas. 

Table 1. Parameters of Add Systems widget tool 

To run the widget tool, use the pin button to add systems to the map at the target location. 
Then provide role attributes and name attributes in the same order that the systems were 
added to the map. Execute the tool; the systems will be added to the map with specific 
symbols to show their roles. 

 

Figure 23. Add Systems widget tool execution and output 
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5.1.2. Upload Systems from Table 

 

 

Figure 24. Upload Systems from Table widget tool 

Add telecoupling system components (i.e. "sending", "receiving", "spillover") to the map by 
uploading a table (i.e. csv file) stored on disk or by extracting an online table by providing a 
URL. The tool reads XY coordinates (or longitude and latitude) from the table, creates a 
permanent point feature class with a pre-assigned symbology showing its role in the 
telecoupling (i.e. "sending", "receiving", or "spillover" system), and adds the point feature to 
the map. 

 

Parameter  Explanation 

Input Table  Upload local csv table or provide URL of online table 
containing the name, role (i.e. "sending", "receiving" or 
"spillover"), and XY coordinates (i.e. longitude and 
latitude) of each system component 

X Field  Put in the column name from the input table that 
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specifies the x coordinates (or longitude) of each 
system component 

Y Field  Put in the column name from the input table that 
specifies the y coordinates (or latitude) of each system 
component 

Table 2. Parameters of Upload Systems from Table widget tool 

 

The table used for this widget tool should be in csv format, with the name of the system, its 
role in the telecoupling, the x coordinate (or longitude) of the system, and the y coordinate 
(or latitude) of the system as shown in Figure 25.  

 

 

Figure 25. Sample data for Upload Systems from Table widget tool 

 

Run the widget tool by uploading a local csv table or providing the URL to an online table, 
and filling in the x and y fields with names consistent with how they appear in their 
respective column within the table. The systems will then be added to the map as shown in 
Figure 26. 
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Figure 26. Upload Systems from Table widget tool execution and output 
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5.1.3. Network Analysis Grouping 

 

 

Figure 27-1. Network Analysis Grouping widget tool 
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Figure 27-2. Network Analysis Grouping widget tool 

 

This tool uses network analysis statistical methods to find groups (clusters) of units (e.g. 
countries, areas, point locations) that are most similar in terms of their network connectivity. 
The network is described by nodes, links, and direction of interaction (e.g. travel from point 
A to point B) within the telecoupling phenomenon of interest. Nodes and links data is 
provided by uploading a csv table from a local file system. A shapefile of the spatial location 
of each telecoupling system that are being analyzed is also required. Finally, the widget tool 
has a number of optional graphical parameters that control the appearance of the network 
plot generated during tool execution. 
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Parameter  Explanation 

Nodes Table  Upload local csv table or provide URL of online table 
containing a list of all the telecoupling systems (e.g. 
countries, administrative units) that are to be 
considered as "nodes" in the network grouping 
analysis. This table must include a unique identifier 
attribute for each record as well as attributes specifying 
both the outgoing and incoming flows. Flow can be 
represented by number of people traveling, 
export/import of goods, energy, etc. 
 
NOTE: in some case it might be best to use the 
natural logarithm of total amount of 
outgoing/incoming flow, especially when flow 
quantity is very large. Having large numbers will 
skew the output results so it is recommended to 
consider natural log as an option. 
 

Links Table  Upload local csv table or provide URL of online table 
containing a list of all the connections between sending 
and receiving telecoupling systems (e.g. countries, 
administrative units) that are to be considered as "links" 
in the network grouping analysis. This table must 
include a unique identifier code for both the sending 
and receiving systems, as well as an attribute 
specifying the outgoing flow. Flow can be represented 
by number of people traveling, export/import of goods, 
energy, etc. 
 
NOTE 1: make sure the codes used for the sending 
and receiving systems match exactly those used in 
the nodes input table. 
 
NOTE 2: make sure the outgoing flow attribute 
contains the same values used in the nodes input 
table. Therefore, if you used natural logarithm in the 
nodes input table, make sure to use the same here. 
 

Nodes Join Attribute  Attribute field from the input nodes table that will be 
used to join with telecoupling systems input layer 
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Telecoupling Systems 
Layer 

Upload a local shapefile representing all the 
telecoupling sytems (e.g. countries, administrative 
units) that are to be used in the network grouping 
analysis. 
 
Note: shapefile should be uploaded in .zip format 

Layer Join Attribute  Attribute field from the input feature layer that will be 
used to join with the input nodes table. 
 
NOTE: these attribute values will be matched against 
those found inside the input nodes table. 

Clustering Algorithm  Input algorithm to be used for the grouping analysis. 
 
walktrap: detecting community structure via short 
random walks. The idea is that short random walks 
tend to stay in the same community because there are 
only a few edges that lead outside a given community.  
Walktrap runs short random walks and uses the results 
of these random walks to merge separate communities 
in a bottom-up manner. 
 
spin_glass: this function tries to find communities in 
graphs via a spin-glass model and simulated annealing. 
In this model, each node can be in one of c spin states, 
and the edges specify which pairs of nodes would 
prefer to stay in the same spin state and which ones 
prefer to have different spin states. Communities can 
be defined according to the spin states of nodes after 
running the model. 
 
NOTE: Refer to R igraph package help page for more 
information about the algorithms. 
http://igraph.org/r/doc/communities.html 

Weight Within Clusters 
(optional) 

Input number to adjust the distance between nodes 
within a cluster. 
 
Note: only use when needed to adjust the look of the 
optional network graph. Default value is 10. 

Weight Between Clusters 
(optional) 

Input number to adjust the distance between nodes 
between different clusters. 
 
Note: only use when needed to adjust the look of the 
optional network graph. Default value is 2. 
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Color Set (optional)   Choose a color set to use in the output network 
analysis plot for different network clusters. 
 
Note: only use when needed to adjust the look of the 
optional network graph. Default value is Set3. 
 
Demos of color sets: 

 

Node Size (optional)  Type a number to adjust the size of nodes.  
 
Note: only use when needed to adjust the look of the 
optional network graph. Default value is 0.05. 

Edge Width (optional)  Type a number to adjust the width of edges. 
 
Note: only use when needed to adjust the look of the 
optional network graph. Default value is 0.08. 

Label Size (optional)  Type a number to adjust the size of labels. 
 
Note: only use when needed to adjust the look of the 
optional network graph. Default value is 0.8. 

Table 3. Parameters of Network Analysis Grouping widget tool 

 

Input nodes and links table must be in csv format, with columns named as described in the 
parameter table.  
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Figure 28. Snippet of a sample Nodes Table used as input for the Network Analysis 
Grouping widget tool 

 

 

Figure 29. Snippet of a sample Links Table used as input for the Network Analysis Grouping 
widget tool 

 

Upon successful execution, the widget tool will create a map layer with color-coded 
grouping outcomes (group number) for each telecoupling system. A pdf file will also be 
generated by the widget tool containing a graph plot of the generated network grouping 
along with links connecting each node. Red lines are links to nodes out of one's group, and 
grey lines are links to nodes within one's group. In addition, the widget tool will also create 
a network metrics table using some network metrics (degree, closeness, and betweenness) 
to provide some descriptive analysis on the network. Examples of network data are 
migration of population (e.g. immigration, tourists, business travelers, students and etc.) or 
import/export of goods. 
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Figure 30. Network Analysis Grouping widget tool output layer 

 

 

 

Figure 31. Network Analysis Grouping widget tool output pdf file 
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Figure 32. Network Analysis Grouping widget tool output Network Metrics Table 

 

5.2 Agents Widget 

The Agents widget contains widget tools that are meant to map and visualize the 
geographical location of all entities (e.g. people, households, organizations, etc.) that 
facilitate the flow of goods, information, or ecosystem services between sending and 
receiving systems. 

 

Figure 33. Screenshot showing the Agents widget and its widget tools 
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5.2.1. Add Agents 

 

Figure 34. Add Agents widget tool 

The Add Agents tool allows the user to interactively add telecoupling agents with an 
explicit spatial location to the map. The tool reads the agent’s spatial coordinates from the 
map and adds them with a pre-assigned symbology. The output interface provides 
functions to zoom to and pan to the selected agents, export and view the outputs in 
different formats,  and create layers including the selected agents. 

 

Parameter  Explanation 

Input Agents  Click on the map to add the spatial location of the 
agents. 

Name Attributes  Type in a name for each agent added to the map in the 
previous step. 
Note: the number of names needs to equal the 
number of agents(points) selected on the map. 
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Seperate with comma 

Description Attributes  Type in a description for each agent added to the map 
in the previous step. 
Note: optional field. If you fill out this field, make sure 
the number of descriptions equals the number of 
names and agents (points) added to the map in the 
previous step. Seperate with comma 

Table 4.  Parameters of Add Agents widget tool 

 

To run the widget tool, use the pin button to add agents on to the map at the target location 
and provide roles and descriptions (optional) of the agents in the order the agents were 
created. Execute the widget tool; the agents will be added on the map with agent symbols. 

 

Figure 35. Add Agents widget tool execution and output 
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5.2.2. Upload Agents from Table 

 

Figure 36. Upload Agents from Table widget tool 

 

The Upload Agents from Table widget tool allows users to place telecoupling agents on the 
map by uploading a table stored from a local csv file or by extracting an online table by 
providing a URL. The tool reads XY coordinates (ie, longitude and latitude) from the table 
and creates a permanent point feature class with a pre-assigned symbology.  

 

Parameter  Explanation 

Input Table  Upload local csv table or provide URL of online table 
containing the name, description, and XY coordinates 
(longitude and latitude) of each agent 

X Field  Put in the column name from the input table describing 
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the x coordinate (longitude) of each agent 

Y Field  Put in the column name from the input table describing 
the y coordinate (latitude) of each agent 

Table 5. Parameters of Upload Agents from Table widget tool 

 

Table used from this widget tool should be in csv format, with columns for agent names, 
agent descriptions, x coordinate (longitude), and y coordinate (latitude) of each agent. 

 

Figure 37. Sample data for Upload Agents from Table widget tool 

 

Execute the tool by uploading a local csv table or extracting an online table, and filling in the 
X Field and Y Field as they appear in the uploaded table. The agents will then be added on 
to the map as shown in Figure 38. 
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Figure 38. Upload Agents from Table widget tool execution and output 

 

5.3 Flows Widget 

The Flows widget contains widget tools that are meant to map and visualize the spatial 
flow of goods, information, or ecosystem services between sending and receiving systems. 

 

Figure 39.  Screenshot showing the Flows widget tools 
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5.3.1. Add Media Flows 

 

 

Figure 40-1. Add Media Flows widget tool 
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Figure 40-2. Add Media Flows widget tool 

News media and publication of books and articles disseminate information across the globe. 
Online portals let you search through large databases for specific terms or academic 
publications on a subject of interest. LexisNexis® Academic 
(http://www.lexisnexis.com/en-us/products/lexisnexis-academic.page) is an online research 
database where college faculty and students can find the critical news, legal and business 
information to gain a deeper understanding of a host of topics. For more information, visit 
the LexisNexis online portal.  

This telecoupling tool uses a search report file from LexisNexis in HTML format and parses 
the file to quantify the amount of publications, articles, or media outlets by geographic 
location (e.g. country). For example, a user may be interested in quantifying how much 
information about a nature reserve has spread out and where globally. Make sure the 
provided input feature layer corresponds to the geographic locations (e.g. countries) you are 
interested in searching within the report file. 

 

Parameter  Explanation 

Administrative Layer  An OGR-supported shapefile or Feature Layer 
corresponding to the geographic locations (e.g. 
countries) you are interested in searching within the 
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media report file. 

Location Field  A field in the input feature layer that will be used as a 
geographic location to search within the media report 
file. 

Media Report File  Upload a local HTML file created from a word search on 
the online LexisNexis portal or provide URL of an online 
HTML file of the media report. 

Source Location  Pin on the map the geographic location from which 
information has emanated out. This location should 
correspond to the term used to search through the 
LexisNexis online database. 
NOTE: Make sure to select ONLY a SINGLE source 
location on the map. 

Merge With Existing Flow 
Layer (optional) 

If checked (default), radial flows generated from the 
media report file will be merged to an existing 
OGR-supported shapefile or Feature Layer 
corresponding to other flows of information. 

Input Flow Layer 
(optional) 

An optional feature layer representing existing radial 
flows of information that will be merged with the flows 
layer generated from the media report file. For example, 
you may have already generated radial flows of 
information generated by movement of tourists 
between sending and receiving systems. 

Line Type (Optional)  The type of geodetic line to construct. 
● GEODESIC— A type of geodetic line which 

most accurately represents the shortest 
distance between any two points on the surface 
of the earth. The mathematical definition of the 
geodesic line is quite lengthy and complex and 
therefore omitted here. This line type is the 
default. 

● GREAT_CIRCLE—A type of geodetic line which 
represents the path between any two points 
along the intersection of the surface of the earth 
and a plane that passes through the center of 
the earth. Depending on the output coordinate 
system specified by the Spatial Reference 
parameter, in a spheroid-based coordinate 
system, the line is a great elliptic; in a 
sphere-based coordinate system, the line is 
uniquely called a great circle—a circle of the 
largest radius on the spherical surface. 
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● RHUMB_LINE—A type of geodetic line, also 
known as a loxodrome line, which represents a 
path between any two points on the surface of 
a spheroid defined by a constant azimuth from a 
pole. A rhumb line is shown as a straight line in 
the Mercator projection. 

● NORMAL_SECTION—A type of geodetic line 
which represents a path between any two 
points on the surface of a spheroid defined by 
the intersection of the spheroid surface and a 
plane that passes through the two points and is 
normal (perpendicular) to the spheroid surface 
at the starting point of the two points. 
Therefore, the normal section line from point A 
to point B is different from the one from point B 
to point A. 

 

Table 6. Parameters of Add Media Flows widget tool 

 

At present, this tool can only read a report file from LexisNexis in HTML format. The widget 
tool will create a layer showing the flow from input files. You can also download this layer 
by clicking the Output Maps Zipfile link on the Output tab. 
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Figure 41. Snapshot of a sample HTML file for the Add Media Flows widget tool 
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Figure 42. Add Media Flows widget tool output depicting the flow of information with a 
source location set at the Wolong Nature Reserve (China). 
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5.3.2. Draw Radial Flows 

 

Figure 43-1. Draw Radial Flows widget 
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Figure 43-2. Draw Radial Flows widget tool 

 

This widget tool draws radial flows between two or more telecoupling system components 
(i.e. "sending", "receiving", "spillover") on the map. Radial flows have a spoke-like pattern 
where features and places are mapped in nodal form with one place being a common origin 
or destination. Flows represent the movement of material, energy, or information. The tool 
creates a new feature class containing line features constructed based on the values from a 
table specifying the start x-coordinate field, start y-coordinate field, end x-coordinate field, 
and end y-coordinate field. The feature class can be downloaded as a zipfile through a link 
that the widget tool returns under the output tab.  

 

Parameter  Explanation 

Input Flows Table  Upload local csv table or provide URL of online table 
containing (at minimum) the field ID, name of flow 
starting location, XY coordinates (ie, longitude and 
latitude) of the origin locations, name of flow end 
location, XY coordinates (ie, longitude and latitude) of 
the destination locations. 

Origin X Field  The column name from the input table containing the x 
coordinates (longitude) of flow starting locations. 
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Origin Y Field  The column name from the input table containing the y 
coordinates (latitude) of flow starting locations. 

Destination X Field  The column name from the input table containing the x 
coordinates (longitude) of flow end points. 

Destination Y Field  The column name from the input table containing the y 
coordinates (latitude) of flow end points. 

ID Field  A field in the input table; this field and the values are 
included in the output and can be used to join the 
output features with the records of the input table. 

Line Type  The type of geodetic line to construct. 
● GEODESIC— A type of geodetic line which 

most accurately represents the shortest 
distance between any two points on the surface 
of the earth. The mathematical definition of the 
geodesic line is quite lengthy and complex and 
therefore omitted here. This line type is the 
default. 

● GREAT_CIRCLE—A type of geodetic line which 
represents the path between any two points 
along the intersection of the surface of the earth 
and a plane that passes through the center of 
the earth. Depending on the output coordinate 
system specified by the Spatial Reference 
parameter, in a spheroid-based coordinate 
system, the line is a great elliptic; in a 
sphere-based coordinate system, the line is 
uniquely called a great circle—a circle of the 
largest radius on the spherical surface. 

● RHUMB_LINE—A type of geodetic line, also 
known as a loxodrome line, which represents a 
path between any two points on the surface of 
a spheroid defined by a constant azimuth from a 
pole. A rhumb line is shown as a straight line in 
the Mercator projection. 

● NORMAL_SECTION—A type of geodetic line 
which represents a path between any two 
points on the surface of a spheroid defined by 
the intersection of the spheroid surface and a 
plane that passes through the two points and is 
normal (perpendicular) to the spheroid surface 
at the starting point of the two points. 
Therefore, the normal section line from point A 
to point B is different from the one from point B 
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to point A. 
 

XY Coordinate System 
(WKID) 

The spatial reference of the origin and destination 
coordinates found inside the input flows table. Each 
projected and geographic coordinate system can be 
defined by a well-known ID (WKID). By default, the 
WKID code assumes a WGS84 geographic coordinate 
system. 

Table 7. Parameters of Draw Radial Flows widget tool 

 

Use this tool with a table that specifies the spatial coordinates of all origin and destination 
locations for each flow. Input flow table can be a text file, csv file, Excel file, dBASE table, or 
geodatabase table with at minimum the field ID, name of flow starting location, XY 
coordinates (longitude and latitude) of the origin locations, name of flow end location, XY 
coordinates (longitude and latitude) of the destination locations. 

 

Figure 44. Snippet from the sample data example file (csv table) used as the Input Flows 
Table parameter for the Draw Radial Flows widget tool 

 

Execute the  tool by uploading a local csv table or extracting an online table, and filling in 
the X and Y fields of the origin and destination locations of the flows. The names entered 
into the ‘Origin X Field’, ‘Origin Y Field’, ‘Destination X Field’, and ‘Destination Y Field’ must 
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match those from the loaded table. Lines showing the flows will then be drawn on to the 
map as shown in Figure 45. 

 

Figure 45. Draw Radial Flows widget tool execution and output 

 

5.4 Causes Widget 

The Causes widget contains tools that are meant to describe or statistically assess the 
potential leading causes of the flow of goods, information, or ecosystem services, to name a 
few, between sending and receiving systems. 

 

Figure 46. Screenshot showing the Causes widget tools 
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5.4.1. Factor Analysis for Mixed Data. 

 

Figure 47-1. Factor Analysis for Mixed Data widget tool 
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Figure 47-2. Factor Analysis for Mixed Data widget tool 

 

This tool runs exploratory factor analysis for mixed data. Often times, population surveys 
record a high number of quantitative and qualitative information, whose purpose is to 
comprehensively describe socioeconomic characteristics associated with the interviewee. In 
statistical analysis, factor analysis is a useful tool for investigating variable relationships for 
complex concepts such as socioeconomic status, dietary patterns, or psychological scales. 
The most common statistical methodologies are principal component analysis/factor 
analysis for quantitative data, and multiple correspondence analysis (MCA) for qualitative 
data. Factor analysis of mixed data (FAMD), or factorial analysis of mixed data, is the 
factorial method devoted to data tables in which a group of individuals is described both by 
quantitative and qualitative variables. This tool uses the FactoMineR and missMDA R 
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packages to perform factor analysis on any combination of continuous and categorical 
variables. 

 

Parameter  Explanation 

Input Shapefile  Upload local shapefile with attribute table containing 
(at minimum) the fields corresponding to qualitative 
and/or quantitative variables for the analysis. 
Note: Shapefile should be uploaded in .zip format 

Quantitative Variables 
(optional) 

One or more names of quantitative variables from the 
input shapefile attribute table. 
Note: separate with comma 

Qualitative Variables 
(optional) 

One or more names of qualitative variables from the 
input shapefile attribute table. 
Note: separate with comma 

Supplementary 
Quantitative Variables 
(optional) 

One or more names of supplementary quantitative 
variables from the input shapefile attribute table. 
Note: separate with comma 

Supplementary Qualitative 
Variables (optional) 

One or more names of supplementary qualitative 
variables from the input shapefile attribute table. 
Note: separate with comma 

Compute Missing Values  If checked, missing values are replaced using PCA (for 
quantitative only datasets), MCA (for qualitative only 
datasets), or FAMD (for mixed qualitative and 
quantitative datasets) imputation. 
When unchecked, missing values are replaced by their 
column average. 

Number of Dimensions  Put in the number of dimensions kept in the results 

Color Plots By  Select from options (none, ind, and var) a color method 
to use 

● Quantitative-only dataset: If "none", no color is 
used for the individuals; if "ind", a color for each 
individual ("ind"); if "var", color the individuals 
based on a categorical variable. 

● Qualitative-only dataset: . If "none", one color is 
used for the individual, another one for the 
categorical variables; if "quali", one color is used 
for each categorical variables; if "var", colors are 
used according to the different categories of a 
categorical variable 
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● For mixed-data: If "none", no color is used for 
the individuals; if "ind", one color is used for 
each individual; if "var", colors are used 
according to the different categories of a 
categorical variable 

Note: default value is none 

Categorical Variable 
(optional) 

Corresponds to the categorical variable selected from 
the input table. The variable will be used to color final 
plots according to its different levels/categories 

Individuals Selection 
(optional) 

A selection of the individuals that are drawn: 
● "coord N": select the N elements that have the 

highest (squared) coordinates on the 2 first 
dimensions drawn 

● "contrib N": select the N elements that have the 
highest contribution on the 2 first dimensions 
drawn 

● "cos2 N": select the N elements that have the 
highest cos2 on the 2 dimensions drawn 

● "dist N": select the N elements that have the 
highest distance to the center of gravity 

Note: default value is none 

Categories Selection 
(optional) 

A selection of the categories that are drawn: 
● "coord N": select the N elements that have the 

highest (squared) coordinates on the 2 first 
dimensions drawn 

● "contrib N": select the N elements that have the 
highest contribution on the 2 first dimensions 
drawn 

● "cos2 N": select the N elements that have the 
highest cos2 on the 2 dimensions drawn 

● "dist N": select the N elements that have the 
highest distance to the center of gravity 

Note: default value is none 

Add Label to Individuals  When checked, individuals drawn on the plot are 
labelled 

Table 8. Parameters of Factor Analysis for Mixed Data widget tool 
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Figure 48. Snippet of the attribute table from the sample data shapefile used as input 
parameter in the Factor Analysis for Mixed Data widget tool 

 

After execution, two links will appear on the output tab of the tool. An output pdf file of 
factor analysis plots visualizes the factor analysis outcomes with graphics. Clicking on the 
Factor Analysis Diagnostics link will return a webpage with the statistical analysis report.  

 

Figure 49. Factor Analysis for Mixed Data output tab after execution 
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Figure 50-1. Factor Analysis for Mixed Data widget tool outcome plot 
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Figure 50-2. Factor Analysis for Mixed Data widget tool outcome plot 
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Figure 50-3. Factor Analysis for Mixed Data widget outcome plot 
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Figure 51. Factor Analysis Diagnostics report 
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5.4.2. Model Selection (OLS) 

 

Figure 52-1. Model Selection (OLS) widget tool 
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Figure 52-2. Model Selection (OLS) widget tool 

 

This tool uses Ordinary Least Squares (OLS) and Spatial Autocorrelation (Global Moran’s I) 
to find properly specified OLS models. It tries every combination of the Candidate 
Explanatory Variables entered, looking for a properly specified OLS model. Only when it 
finds a model that meets the threshold criteria for Minimum Acceptable Adj R Squared, 
Maximum Coefficient p-value Cutoff, Maximum VIF Value Cutoff and Minimum Acceptable 
Jarque-Bera p-value will it run the Spatial Autocorrelation (Global Moran's I) tool on the 
model residuals to see if the under/over-predictions are clustered or not.  
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Parameter  Explanation 

Input Shapefile  Local shapefile with attribute table containing the fields 
of dependent and candidate explanatory variables to 
analyze. 
Note: Shapefile should be uploaded in .zip format 

Dependent Variables   The numeric field containing the observed values you 
want to model using OLS. 

Candidate Explanatory 
Variables 

A list of fields to try as OLS model explanatory 
variables. 
Note: separate with comma 

Weights Matrix File 
(optional) 

A file containing spatial weights that define the spatial 
relationships among your input features. This file is 
used to assess spatial autocorrelation among 
regression residuals. You can use the Generate Spatial 
Weights Matrix File tool to create this. When you do 
not provide a spatial weights matrix file, residuals are 
assessed for spatial autocorrelation based on each 
feature's eight nearest neighbors. 
Note: The spatial weights matrix file is only used to 
analyze spatial structure in model residuals; it is not 
used to build or to calibrate any of the OLS models. 

Maximum Number of 
Explanatory Variables 
(optional) 

All models with explanatory variables up to the value 
entered here will be assessed. If, for example, the 
Minimum Number of Explanatory Variables is 2 and the 
Maximum Number of Explanatory Variables is 3, the 
Exploratory Regression tool will try all models with 
every combination of two explanatory variables, and all 
models with every combination of three explanatory 
variables. 
Note: default value is 5 

Minimum Number of 
Explanatory Variables 
(optional) 

This value represents the minimum number of 
explanatory variables for models evaluated. If, for 
example, the Minimum Number of Explanatory 
Variables is 2 and the Maximum Number of Explanatory 
Variables is 3, the Exploratory Regression tool will try 
all models with every combination of two explanatory 
variables, and all models with every combination of 
three explanatory variables. 
Note: default value is 1 

Minimum_Acceptable_Adj
_R_Squared (optional) 

This is the lowest Adjusted R-Squared value you 
consider a passing model. If a model passes all of your 
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other search criteria, but has an Adjusted R-Squared 
value smaller than the value entered here, it will not 
show up as a Passing Model in the Output Report File. 
Valid values for this parameter range from 0.0 to 1.0. 
The default value is 0.5, indicating that passing models 
will explain at least 50 percent of the variation in the 
dependent variable. 

Maximum_Coefficient_p_v
alue_Cutoff (optional) 

For each model evaluated, OLS computes explanatory 
variable coefficient p-values. The cutoff p-value you 
enter here represents the confidence level you require 
for all coefficients in the model in order to consider the 
model passing. Small p-values reflect a stronger 
confidence level. Valid values for this parameter range 
from 1.0 down to 0.0, but will most likely be 0.1, 0.05, 
0.01, 0.001, and so on. The default value is 0.05, 
indicating passing models will only contain explanatory 
variables whose coefficients are statistically at the 95 
percent confidence level (p-values smaller than 0.05). 
To relax this default you would enter a larger p-value 
cutoff, such as 0.1. If you are getting lots of passing 
models, you will likely want to make this search criteria 
more stringent by decreasing the default p-value cutoff 
from 0.05 to 0.01 or smaller. 

Maximum_VIF_Value_Cut
off (optional) 

This value reflects how much redundancy 
(multicollinearity) among model explanatory variables 
you will tolerate. When the VIF (Variance Inflation 
Factor) value is higher than about 7.5, multicollinearity 
can make a model unstable; consequently, 7.5 is the 
default value here. If you want your passing models to 
have less redundancy, you would enter a smaller value, 
such as 5.0, for this parameter. 

Minimum_Acceptable_Jar
que_Bera_p_Value 
(optional) 

The p-value returned by the Jarque-Bera diagnostic 
test indicates whether the model residuals are normally 
distributed. If the p-value is statistically significant 
(small), the model residuals are not normal and the 
model is biased. Passing models should have large 
Jarque-Bera p-values. The default minimum acceptable 
p-value is 0.1. Only models returning p-values larger 
than this minimum will be considered passing. If you 
are having trouble finding unbiased passing models, 
and decide to relax this criterion, you might enter a 
smaller minimum p-value such as 0.05. 

Minimum_Acceptable_Spa For models that pass all of the other search criteria, the 
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tial_Autocorrelation_p_Val
ue (optional) 

Exploratory Regression tool will check model residuals 
for spatial clustering using Global Moran's I. When the 
p-value for this diagnostic test is statistically significant 
(small), it indicates the model is very likely missing key 
explanatory variables (it isn't telling the whole story). 
Unfortunately, if you have spatial autocorrelation in 
your regression residuals, your model is misspecified, 
so you cannot trust your results. Passing models should 
have large p-values for this diagnostic test. The default 
minimum p-value is 0.1. Only models returning 
p-values larger than this minimum will be considered 
passing. If you are having trouble finding properly 
specified models because of this diagnostic test, and 
decide to relax this search criteria, you might enter a 
smaller minimum such as 0.05. 

Table 9. Parameters of Model Selection (OLS) widget tool 

 

Figure 53. Attribute table of sample shapefile for Model Selection (OLS) widget tool 
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Figure 54. Model Selection (OLS) execution and output 

 

Figure 55. Snippet of the OLS Report Diagnostics 
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5.5 Environmental Analysis Widget 

The Environmental Analysis Widget contains widget tools that are meant to quantify actual 
or potential environmental effects that are directly or indirectly caused by, among others, a 
flow of goods, information, or ecosystem services between sending and receiving systems. 

 

Figure 56. Screenshot showing the Environment Analysis widget tools 

 

 

 

 

 

 

 

 

 

 

66 



 

5.5.1. Calculate Flows CO2 Emissions 

 

 

Figure 57-1. Calculate Flows CO2 Emissions widget tool 
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Figure 57-2. Calculate Flows CO2 Emissions widget tool 

 

This tool calculates the amount of CO2 emissions associated with each flow segment of 
transported material. Use this tool if you are interested in estimating how many kilograms of 
CO2 per unit of length (e.g. meters) are associated with the transportation flow under 
consideration. 

 

Parameter  Explanation 

Input Flows Table   Input Feature representing the XY coordinates of each 
origin and destination pair of telecoupling systems.. 

Origin X Field  The column name from the input table containing the x 
coordinates (longitude) of flow starting locations. 

Origin Y Field  The column name from the input table containing the y 
coordinates (latitude) of flow starting locations. 

Destination X Field  The column name from the input table containing the x 
coordinates (longitude) of flow end points. 

Destination Y Field  The column name from the input table containing the y 
coordinates (latitude) of flow end points. 
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ID Field  A field in the input table; this field and the values are 
included in the output and can be used to join the 
output features with the records of the input table. 

Line Type   The type of geodetic line to construct. 
● GEODESIC— A type of geodetic line which 

most accurately represents the shortest 
distance between any two points on the surface 
of the earth. The mathematical definition of the 
geodesic line is quite lengthy and complex and 
therefore omitted here. This line type is the 
default. 

● GREAT_CIRCLE—A type of geodetic line which 
represents the path between any two points 
along the intersection of the surface of the earth 
and a plane that passes through the center of 
the earth. Depending on the output coordinate 
system specified by the Spatial Reference 
parameter, in a spheroid-based coordinate 
system, the line is a great elliptic; in a 
sphere-based coordinate system, the line is 
uniquely called a great circle—a circle of the 
largest radius on the spherical surface. 

● RHUMB_LINE—A type of geodetic line, also 
known as a loxodrome line, which represents a 
path between any two points on the surface of 
a spheroid defined by a constant azimuth from a 
pole. A rhumb line is shown as a straight line in 
the Mercator projection. 

● NORMAL_SECTION—A type of geodetic line 
which represents a path between any two 
points on the surface of a spheroid defined by 
the intersection of the spheroid surface and a 
plane that passes through the two points and is 
normal (perpendicular) to the spheroid surface 
at the starting point of the two points. 
Therefore, the normal section line from point A 
to point B is different from the one from point B 
to point A. 

 

XY Coordinate Systems 
(WKID) 

The spatial reference of the origin and destination 
coordinates found inside the input flows table. Each 
projected and geographic coordinate system can be 
defined by a well-known ID (WKID). By default, the 
WKID code assumes a WGS84 geographic coordinate 
system. 
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Max Flow Capacity (per 
trip) 

Integer number representing the maximum capacity of 
the transportation medium (e.g. airplane) used to 
transfer all flow quantities.  
Note: this tool assumes homogeneity of transporation 
medium (e.g. same type of airplane), hence the 
estimates do not account for variations in CO2 
emissions caused by multiple carriers or weather 
conditions (e.g. wind) affecting the transfer. 

Units of CO2 Emitted 
(kg/m) 

Specify the approximate amount (in kilograms) of CO2 
emitted per unit of length (meter).  

Table 10.  Parameters of the Calculate Flows CO2 Emissions widget tool 

 

Upon execution of the tool, a CO2 Emission Map will be added as a layer. You can visualize 
this layer using the Layer List widget in order to assign the color of each flow to a CO2 
emission value. You can download the layer as a zipped shapefile through the link appears 
in the Output tab. This tool also creates a CO2 Emissions Table. You can download the table 
by clicking the link in the Output tab. 

 

Figure 58. Output CO2 emission map from the Calculate Flows CO2 Emissions widget tool 
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Figure 59. Snippet of the output CO2 Emissions Table 
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5.5.2. Seasonal Water Yield 

 

Figure 60-1. Seasonal Water Yield widget tool 
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Figure 60-2. Seasonal Water Yield widget tool 

 

This tool is linked to the NatCap InVEST (v3.3.3) Seasonal Water Yield model. There is a 
high demand for tools estimating the effect of landscape management on water supply 
service (e.g. for irrigation, domestic use, hydropower production). The InVEST seasonal 
water yield model seeks to provide guidance regarding the contribution of land parcels to 
the generation of both baseflow and quick flow. The model computes spatial indices that 
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quantify the relative contribution of a parcel of land to the generation of both baseflow and 
quick flow. 

 

Parameter  Explanation 

Evapotranspiration Raster 
Folder  

Maps of monthly reference evapotranspiration (mm).  
Note: folder must be zipped and should contain a 
raster for each month. Rasters in the folder must be 
saved with the month number (e.g. ET_1.tif) 

Precipitation Raster Folder  Maps of monthly precipitation (mm). 
Note: folder must be zipped and should contain a 
raster for each month. Rasters in the folder must be 
saved with the month number (e.g. Precip_1.tif) 

Digital Elevation Model 
(DEM) Raster 

A Digital Elevation Model raster file 

Land Use/Land Cover 
(LULC) Raster 

Map of LULC. Each LULC must have a corresponding 
code in the biophysical table 

Soil Group Raster  Map of SCS soil hydrologic groups (A, B, C, or D), used 
in combination of the LULC map to compute the CN 
map. Values are entered as integers, with 1, 2, 3, and 4, 
corresponding to groups A, B, C, and D, respectively. 
Soil groups are determined from hydraulic conductivity 
and soil depths. 
FutureWater has created a global map of hydraulic 
conductivity available at: 
http://www.futurewater.eu/2015/07/soil-hydraulic-pro
perties/ 
Otherwise, one can find guidance online, e.g.: 
www.bwsr.state.mn.us/outreach/eLINK/Guidance/HSG
_guidance.pdf. 

Watershed Shapefile  Shapefile delineating the boundary of the area(s) of 
interest, or watershed to be modeled. 

Biophysical Table  Table comprising, for each LULC type: 
● CN for each soil type 
● Monthly Kc values 

CN can be obtained from the USDA handbook: 
(NRCS-USDA, 2007 Chap. 9). 

Monthly Kc values can be obtained from the FAO guidelin
(Allen et al., 1998). 
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For water bodies and wetlands that are connected to the 
stream, CN can be set to 99 (i.e. assuming that those pixe
rapidly convey quickflow). 

Column names within the csv file must be formatted as 
follows: CN_A, CN_B, CN_C, CN_D, Kc_1, ..., Kc_12. Refe
sample data for assistance formatting biophysical table. 

Note: when the focus is on potential flood effects, CN m
be selected to reflect wet antecedent runoff conditions:
CN values should then be converted to ARC-III conditio
as per Chap 10 in NRCA-USDA guidelines (2007). 

Rain Events Table  Table with 12 values of rain events per month. A rain 
event is defined as >0.1mm. A csv file must be 
formatted with two columns, the first titled month and 
the second titled events. The month column should be 
numbered 1 to 12, and the events column should 
indicate the number of rain events in each 
corresponding month. 

Alpha  Model parameter. 
Note: default value is 0.83 

Beta_i  Model parameter. 
Note: default value is 1 

Gamma  Model parameter. 
Note: default value is 1 

Threshold Flow 
Accumulation 

The number of upstream cells that must flow into a cell 
before it is considered part of a stream, which is used 
to classify streams in the DEM.  
Note: default value: 1,000 

Table 11. Parameters of Seasonal Water Yield widget tool 

 

Three seasonal water yield maps will be created when the  tool is successfully executed -- 
Baseflow map, Quickflow map, and Local Recharge map. You can choose the one you want 
to visualize with Layer List widget. You can also download the output maps in a zipped 
folder by clicking the link in Output tab. 
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Figure 61. Seasonal Water Yield widget tool output - Baseflow map 

 

Figure 62. Seasonal Water Yield widget tool output - Quickflow map 
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Figure 63. Seasonal Water Yield widget tool output - Local Recharge map 

 

5.5.3. Habitat Quality 

 

Figure 64-1. Habitat Quality widget tool 
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Figure 64-2. Habitat Quality widget tool 

 

This widget tool is linked to the NatCap InVEST (v3.3.3) Habitat Quality model. The model 
uses habitat quality and rarity as proxies to represent the biodiversity of a landscape, 
estimating the extent of habitat and vegetation types across a landscape, and their state of 
degradation. The model combines maps of land use land cover (LULC) with data on threats 
to habitat and habitat response. Modeling habitat quality alongside ecosystem services 
enables users to compare spatial patterns and identify areas where conservation will most 
benefit natural systems and protect threatened species. This model does not attempt to 
place a monetary value on biodiversity. 

 

Parameter  Explanation 

Land Cover Raster   Uploaded from local drive or extracted from URL. A 
GDAL-supported raster file. Each cell should represent 
a LULC code as an Integer. The dataset should be in a 
projection where the units are in meters and the 
projection used should be defined. 

Zipped Folder Containing 
Threat Rasters 

Uploaded from local drive or extracted from URL. A 
zipped folder used as the location to find all threat 
rasters for the threats listed in the Threats Data Table 
explained below. 

Threats Data Table  Uploaded from local drive or extracted from URL. A csv 
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file of all the threats for the model to consider. Each row 
in the table is a degradation source and each column 
contains a different attribute of each degradation 
source (THREAT, MAX_DIST, WEIGHT). 

THREAT: The name of the threat source and this name 
must match exactly to the name of the threat raster and 
to the name of it's corresponding column in the 
sensitivity table. Note:The threat raster path should 
have a suffix indicator ( _c, _f, _b ) and the sensitivity 
column should have a prefix indicator (L_). The 
THREAT name in the threat table should not include 
either the suffix or prefix. 

MAX_DIST:A number in kilometres (km) for the 
maximum distance a threat has an affect. 

WEIGHT: A floating point value between 0 and 1 for 
the the threats weight relative to the other threats. 
Depending on the type of habitat under review, certain 
threats may cause greater degradation than other 
threats. 

DECAY:A string value of either exponential or linear 
representing the type of decay over space for the 
threat. 

Accessibility to Threats 
Shapefile (optional) 

Uploaded from local drive or extracted from URL. An 
OGR-supported vector file. The input contains data on 
the relative protection that legal / institutional / social / 
physical barriers provide against threats. The vector file 
should contain polygons with a field ACCESS. The 
ACCESS values should range from 0 - 1, where 1 is 
fully accessible. Any cells not covered by a polygon will 
be set to 1. 

Sensitivity of Land Cover 
Types Table 

Uploaded from local drive or extracted from URL. A csv 
file of LULC types, whether or not they are considered 
habitat, and, for LULC types that are habitat, their 
specific sensitivity to each threat. Each row is a LULC 
type with the following columns: LULC, HABITAT, 
L_THREAT1, L_THREAT2, ... 

LULC: Integer values that reflect each LULC code found 
in current, future, and baseline rasters. 

HABITAT: A value of 0 or 1 (presence / absence) or a 
value between 0 and 1 (continuum) depicting the 
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suitability of habitat. 

L_THREATN: Each L_THREATN should match exactly 
with the threat names given in the threat csv file, where 
the THREATN is the name that matches. This is a 
floating point value between 0 and 1 that represents 
the sensitivity of a habitat to a threat. 

Half Saturation Constant  A positive floating point value that is defaulted at 0.5. It 
is a constant determines the spread and central 
tendency of habitat quality scores. It doesn’t affect the 
rank order of grid cells on the habitat quality metric.In 
general, set this value to half of the highest grid cell 
degradation value on the landscape. To perform this 
model calibration the model must be run once in order 
to find the highest degradation value and set value of 
this parameter for the provided landscape. 

Table 12. Parameters of Habitat Quality widget 

 

Upon execution of the widget tool, a habitat quality layer will be added on to the map 
including two images -- Output Habitat Degradation and Output Habitat Quality. You can 
select and view these two images with Layer List widget. You will also see a link on the 
output tab showing InVEST Output Maps Zipfile from the tool run. You can download the 
output layers by Clicking on the link. 
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Figure 65. Relative Habitat Degradation map 

 

 

81 



 

 

Figure 66. Relative Habitat Quality map 
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5.5.4. Forest Carbon Edge Effect 

 

Figure 67-1. Forest Carbon Edge Effect widget tool 

 

Figure 67-2. Forest Carbon Edge Effect widget tool 
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The Forest Carbon Edge Effect widget tool extends the approach of the InVEST carbon 
model to account for forest carbon stock degradation due to the creation of forest edges. It 
applies known relationships between carbon storage and distance from forest edge to 
calculate edge effects in carbon storage, and combines these estimates with carbon 
inventory data to construct the overall carbon map. The tool pertains to above-ground 
carbon only, because edge effects have not been documented for the other carbon pools. 
For all other carbon pools, and for non-tropical forest classes, or if the tool is run without 
edge effects, it follows the IPCC (2006) inventory approach to assign carbon storage values 
by land cover class.  

 

Parameter  Explanation 

Land Cover Map  Uploaded from local drive or extracted from URL. A 
GDAL-supported raster file, with an integer LULC code 
for each cell. 

Biophysical Table  Uploaded from local drive or extracted from URL. A csv 
table containing model information corresponding to 
each of the land use classes in the LULC raster input. It 
must contain the fields 'lucode', 'is_tropical_forest', 
'c_above'. If the user selects 'all carbon pools' the table 
must also contain entries for 'c_below', 'c_soil', and 
'c_dead'.  

Carbon Pools to Calculate  If 'all carbon pools' is selected then the headers 
'c_above', 'c_below', 'c_dead', 'c_soil' are used in the 
carbon pool calculation. Otherwise only 'c_above' is 
considered. 

Compute Forest Edge 
Effects 

If selected, will use the Chaplin-Kramer et al. method to 
account for above ground carbon stocks in tropical 
forest types indicated by a '1' in the 'is_tropical_forest' 
field in the biophysical table. 

Global Forest Carbon 
Edge Regression Models  

Uploaded from local drive or extracted from URL. A 
zipped shapefile with fields 'method', 'theta1', 'theta2', 
'theta3' describing the global forest carbon edge 
models.  

Nearest Model Points to 
Average (only with edge 
regression) 

Used when calculating the biomass in a pixel. This 
number determines the number of closest regression 
models that are used when calculating the total 
biomass. Each local model is linearly weighted by 
distance such that the biomass in the pixel is a function 
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of each of these points with the closest point having 
the highest effect. 

Biomass to Carbon 
Conversion Factor (only 
with edge regression) 

Number by which to scale forest edge biomass to 
convert to carbon. This pertains to forest classes only; 
values in the biophysical table for non-forest classes 
should already be in terms of carbon, not biomass. 

Table 13. Parameters of Forest Carbon Edge Effect widget tool 

 

Upon execution of the widget tool, an output carbon map showing carbon stock in this area 
of interest will be added on to the map. You can also download this layer by clicking the 
InVEST Output Maps Zipfile link on the Output tab. 

 

Figure 68. Forest Carbon Edge Effect widget tool and output 
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5.5.5. Nutrient Delivery Ratio 

 

Figure 69-1. Nutrient Delivery Ratio widget tool 
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Figure 69-2. Nutrient Delivery Ratio widget tool 

 

This tool is linked to the NatCap InVEST (v3.3.3) Nutrient Delivery Ratio model. The 
objective of the Nutrient Delivery Ratio tool is to map nutrient sources from watersheds and 
their transport to the stream. This spatial information can be used to assess the service of 
nutrient retention by natural vegetation. The retention service is of particular interest for 
surface water quality issues and can be valued in economic or social terms (e.g. avoided 
treatment costs, improved water security through access to clean drinking water). Spatial 
information concerning the export of nutrients from a watershed and areas of high filtration 
are needed when determining strategies to mitigate water pollution. The nutrient delivery 
and retention model provides this information for non-point source pollutants. The tool was 
designed for nutrients (nitrogen and phosphorous), but its structure can be used for other 
contaminants if data are available on the loading rates and filtration rates of the pollutant of 
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interest. For all raster inputs used in this tool, the projection should be defined and the 
projection's linear units should be in meters. 

 

Parameter  Explanation 

Elevation Raster Layer  Uploaded from local drive or extracted from URL. A GIS 
raster layer, with an elevation value for each cell. Make 
sure the DEM is corrected by filling in sinks. To ensure 
proper flow routing, the DEM should extend beyond the 
watersheds of interest, rather than being clipped to the 
watershed boundaries. 

Land Use/Land Cover 
Raster 

Uploaded from local drive or extracted from URL. A GIS 
raster layer, with an integer LULC code for each pixel. 
The LULC code should be an integer. 

Nutrient Runoff Raster  Uploaded from local drive or extracted from URL. A GIS 
raster dataset representing the spatial variability in 
runoff potential, i.e. the capacity to transport nutrient 
downstream. This raster can be defined as a quickflow 
index (e.g. from the InVEST seasonal water yield 
model) or simply as annual precipitation. 

Watersheds Shapefile  Uploaded from local drive or extracted from URL. A 
shapefile of polygons. This is a layer of watersheds 
such that each watershed contributes to a point of 
interest where water quality will be analyzed. The 
shapefile must include a field titled ws_id numbered 
from 0 to N, where N is the total number of 
watersheds. 

Biophysical Table   Uploaded from local drive or extracted from URL. A csv 
table of land use/land cover (LULC) classes, containing 
data on water quality coefficients used in this tool. 
These data are attributes of each LULC class rather 
than attributes of individual cells in the raster map. 
Each row in the table is an LULC class while each 
column contains a different attribute of each land 
use/land cover class. The columns must be named as: 

lucode: Unique integer for each LULC class (e.g., 1 for 
forest, 3 for grassland, etc.), must match the LULC 
raster above. 

LULC_desc (optional): Descriptive name of land 

88 



 

use/land cover class. 

eff_n (and eff_p): The maximum retention efficiency for 
each LULC class, varying between zero and 1. The 
nutrient retention capacity for a given vegetation is 
expressed as a proportion of the amount of nutrient 
from upstream. For example, high values (0.6 to 0.8) 
may be assigned to all natural vegetation types (such 
as forests, natural pastures, wetlands, or prairie), 
indicating that 60-80% of nutrient is retained. Suffix _n 
stands for nitrogen, and _p for phosphorous. 

crit_len_n (and crit_len_p) (in meters): The distance 
after which it is assumed that a patch of LULC retains 
nutrient at its maximum capacity. If nutrients travel a 
distance smaller than the retention length, the retention 
efficiency will be less than the maximum value eff_x, 
following an exponential decay. 

proportion_subsurface_n (or proportion_subsurface_p) 
(optional): The proportion of dissolved nutrients over 
the total amount of nutrients, expressed as ratio 
between 0 and 1. By default, this value should be set to 
0, indicating that all nutrients are delivered via surface 
flow.   

Threshold Flow 
Accumulation 

Integer value defining the number of upstream pixels 
that must flow into a pixel before it’s considered part of 
a stream. This is used to generate a stream layer from 
the DEM. This threshold expresses where hydrologic 
routing is discontinued, i.e. where retention stops and 
the remaining pollutant will be exported to the stream. 
Note: default value is 1,000 

Borselli k Parameter  Calibration parameter that determines the shape of the 
relationship between hydrologic connectivity (the 
degree of connection from patches of land to the 
stream) and the sediment delivery ratio (percentage of 
soil loss that actually reaches the stream).  
Note: The default value is 2. 

Subsurface Critical Length 
(Phosphorous and 
Nitrogen) 

The distance (traveled subsurface and downslope) after 
which it is assumed that soil retains nutrient at its 
maximum capacity. If dissolved nutrients travel a 
distance smaller than subsubsurface_crit_length, the 
retention efficiency is lower than the maximum value 
defined above. Setting this value to a distance smaller 
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than the pixel size will result in the maximum retention 
efficiency being reached within one pixel only. 
Note: default value is 150 for both Phosphorous and 
Nitrogen 

Subsurface Maximum 
Retention Efficiency 
(Phosphorous and 
Nitrogen) 

The maximum nutrient retention efficiency that can be 
reached through subsurface flow, a value between 0 
and 1. This field characterizes the retention due to 
biochemical degradation in soils. 
Note: default value is 0.8 for both Phosphorous and 
Nitrogen 

Table 14. Parameters of Nutrient Delivery Ratio widget tool 

 

Upon execution of the widget tool, a Nutrient Delivery Ratio layer will be added on to the 
map including two images -- Phosphorous Discharge (kg) and Nitrogen Discharge (kg). You 
can select and view these two images with the Layer List widget and download the layers 
by clicking the InVEST Output Maps Zipfile link on the Output tab. 

 

 

Figure 70. Nutrient Delivery Ratio  and output - Phosphorous Discharge image 
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Figure 71. Nutrient Delivery Ratio and output - Nitrogen Discharge image 
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5.5.6. Sediment Delivery Ratio 

 

Figure 72-1. Sediment Delivery Ratio widget tool 
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Figure 72-2. Sediment Delivery Ratio widget tool 

 

This tool is linked to the NatCap InVEST (v3.3.3) Sediment Delivery Ratio model. The 
objective of the InVEST sediment delivery model is to map overland sediment generation 
and delivery to the stream. In a context of global change, such information can be used to 
study the service of sediment retention in a catchment. This is of particular interest for 
reservoir management and instream water quality, both of which may be economically 
valued. 
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Parameter  Explanation 

Biophysical Table  A .csv table containing model information 
corresponding to each of the land use classes. Each 
row is a land use/land cover class and columns should 
be named and defined as follows: 

● lucode (Land use code): Unique integer for each 
LULC class (e.g., 1 for forest, 3 for grassland, 
etc.), must match the LULC raster input. 

● usle_c: Cover-management factor for the USLE, 
a floating point value between 0 and 1. 

● usle_p: Support practice factor for the USLE, a 
floating point value between 0 and 1. 

Digital Elevation Model 
(DEM)  

A GIS raster dataset with an elevation value for each 
cell. Make sure the DEM is corrected by filling in sinks, 
and if possible compare the output stream maps with 
hydrographic maps of the area. To ensure proper flow 
routing, the DEM should extend beyond the 
watersheds 
of interest, rather than being clipped to the watershed 
edge. 

Soil Erodibility Raster  A GIS raster dataset, with a soil erodibility value for 
each cell. Soil erodibility (K) is a measure of the 
susceptibility of soil particles to detachment and 
transport by rainfall and runoff. The units on the index 
values are ton⋅ha⋅h⋅(ha⋅MJ⋅mm)−1 

Rainfall Erosivity Index 
Raster 

A GIS raster dataset, with an erosivity index value for 
each cell. This variable depends on the intensity and 
duration of rainfall in the area of interest. The greater 
the intensity and duration of the rain storm, the higher 
the erosion potential. The erosivity index is widely used, 
but in case of its absence, there are methods and 
equations to help generate a grid using climatic data. 
The units on the index values are MJ⋅mm⋅(ha⋅h⋅yr)−1 

IC Parameter   A calibration parameter that determines the shape of 
the relationship between hydrologic connectivity (the 
degree of connection from patches of land to the 
stream) and the sediment delivery ratio (percentage of 
soil loss that actually reaches the stream). The default 
value is 0.5. 

K Parameter  A calibration parameter that determines the shape of 
the relationship between hydrologic connectivity (the 
degree of connection from patches of land to the 
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stream) and the sediment delivery ratio (percentage of 
soil loss that actually reaches the stream). The default 
value is 2. 

Land Use/Land Cover 
Raster 

LULC is a GIS raster dataset, with an integer LULC 
code for each cell. 

Max SDR  The maximum SDR that a pixel can reach, which is a 
function of the soil texture. More specifically, it is 
defined as the fraction of topsoil particles finer than 
coarse sand (1000 μm). This parameter can be used for 
calibration in advanced studies. Its default value is 0.8. 

Threshold Flow 
Accumulation 

The number of upstream cells that must flow into a cell 
before it is considered part of a stream, which is used 
to classify streams in the DEM. This threshold directly 
affects the expression of hydrologic connectivity and 
sediment export: when a flow path reaches the stream, 
sediment deposition stops and the sediment exported 
is assumed to reach the catchment outlet. 

Watersheds   A shapefile of polygons. This is a layer of watersheds 
such that each watershed contributes to a point of 
interest where water quality will be analyzed. Format: 
An integer field named ‘ws_id’ is required, with a 
unique integer value for each watershed. 

Drainage Raster (optional)  A raster with 0s and 1s, where 1s correspond to pixels 
artificially connected to the stream (by roads, 
stormwater pipes, etc.). The flow routing will stop at 
these “artificially connected” pixels, before reaching the 
stream network. 

Table 15. Parameters of Sediment Delivery Ratio widget tool 

Upon execution of the widget tool, a Sediment Export Map layer will be added to the map 
including two images -- Aggregate Sediment Export and Sediment Export (tons/pixel). The 
user can select and view these two images with the Layer List widget and download the 
layers by clicking the InVEST Output Maps Zipfile link on the Output tab. 
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Figure 73. Sediment Delivery Ratio and output - Aggregate Sediment Export 
(tons/watershed) 
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Figure 74. Sediment Delivery Ratio and output - Sediment Export (tons/pixel) 

 

5.5.7. Habitat Risk Assessment  

 

Figure 75-1. Habitat Risk Assessment widget tool 
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Figure 75-2. Habitat Risk Assessment widget tool 

 

This widget tool is linked to the NatCap InVEST (v3.3.3) Habitat Risk Assessment (HRA) 
model. This tool allows users to assess the risk posed to marine and/or terrestrial habitats 
by human activities and the potential consequences of exposure for the delivery of 
ecosystem services and biodiversity. This tool is similar to the Habitat Quality widget tool in 
that they both allow users to identify regions on a landscape or seascape where human 
impacts are highest. While the Habitat Quality tool is intended to be used to assess how 
human activities impact biodiversity, the HRA tool is better suited to screening the risk of 
current and future human activities to prioritize management strategies that best mitigate 
risk. 
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Parameter  Explanation 

Species/Habitat Shapefile  Uploaded from local drive or extracted from URL. A 
zipped shapefile for a habitat/species of interest 

Stressors Shapefile   Uploaded from local drive or extracted from URL. A 
zipped shapefile representing human stressors for the 
habitat/species of interest 

Spatially-Explicit Criteria 
Folders (optional) 

Uploaded from local drive or extracted from URL. A 
zipped folder with spatially-explicit criteria 

Criteria Scores Files  Uploaded from local drive or extracted from URL. A 
zipped folder containing  csv tables for both criteria 
ratings and stressor buffer 

Resolution of Analysis 
(meters)  

The size in meters is desired for the analysis of the 
shapefile layers at a grid cell scale. This will define the 
width and height of each unique risk grid cell. This must 
be a whole number. The user should base this size on 
the resolution of the habitat data and scale at which 
habitats are distributed in space. For example, small 
patches of seagrasses and kelp are often about 
100-200 square meters, which is the smallest 
resolution we recommend running the widget. If the 
input habitat data are coarse, a minimum of 500 meters 
is better. If you examine your risk outputs and find that 
the edges of patches of habitat have regular and 
distinct variation in risk, such that every high and 
medium risk cell on the edge of habitat patches are 
border by low risk cells, consider increasing your 
resolution. We recommend running the model for the 
first time at a low resolution (500 m or 1 km) to verify 
that the model is running properly. Then use a higher 
resolution in subsequent runs. 

Risk Equation  Choose either a Euclidean risk model or a Multiplicative 
risk model to calculate risk to a given habitat. 

Decay Equation  This selection influences how the “zone of influence” 
(i.e., buffer distance) of a stressor will be applied to risk. 
The equation decays the overall exposure rating (e.g. 
combined spatial overlap, temporal overlap, intensity, 
management effectiveness).The options for decay are 
as follows. “None” will apply the full exposure to the full 
range of the stressor footprint plus buffer, without any 
decay. “Linear” and “Exponential” will use the stated 

99 



 

equation as a model for decay from the edges of the 
footprint to the extent of the buffer distance. 

Maximum Criteria Score  A maximum score for the criteria ratings provided 
above. The maximum criteria score is the user-reported 
highest value assigned to any criteria rating within the 
assessment. This will be used as the upper bounded 
value against which all rating scores will be compared. 
For example, in a model run where the ratings scores 
vary from 0-3, this would be a 3. If you chose to use a 
different scale for ratings, however, this should be the 
highest value that could be potentially assigned to a 
criteria. If the model run is using spatially explicit 
criteria, this value should be the maximum value 
assigned to either a criteria feature or to a csv criteria 
rating.  

Maximum Overlapping 
Stressors 

The largest number of stressors that overlap within the 
chosen study area. This will be used in order to make 
determinations of low, medium, and high risk for a 
given habitat. If the number of overlapping stressors 
provided is too low, results will likely show more 
medium and high risk areas than are present. 
Conversely, if the number of overlapping stressors is 
too high, it will be difficult for areas to break the 
threshold to show up as medium or high risk. 

Subregions  Uploaded from local drive or extracted from URL. A 
zipped shapefile representing one or more subregions 
within the study area for management purposes.  

Table 16. Parameters of Habitat Risk Assessment widget tool 

 

Upon execution of the widget tool, a Relative Habitat Risk layer will be added to the map. 
You can view the layer and the legend in the Layer List widget, and download the layer 
through the InVEST Output Maps Zipfile link on the Output tab. In addition, a link of Habitat 
Risk Assessment Report will appear in the output tab of HRA widget tool. Clicking on the 
link will return a zip file of the HRA report, including Ecosystem Risk Report, Risk Plot AOI 
[BarkleySound], Risk Plot AOI [ClaySound], and Sub Region Averaged Results file.  
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Figure 76. Relative Habitat Risk map output from the Habitat Risk Assessment widget tool 

 

 

Figure 77. Ecosystem Risk Report output from the Habitat Risk Assessment widget tool 

101 



 

 

Figure 78. Risk Plot AOI [BarkleySound] output from the Habitat Risk Assessment widget 
tool 

 

Figure 79. Risk Plot AOI [ClaySound] output from the Habitat Risk Assessment widget tool 
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Figure 80. Sub Region Averaged Results output from the Habitat Risk Assessment widget 
tool 
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5.5.8. Coastal Blue Carbon 

 

Figure 81-1. Coastal Blue Carbon widget tool 
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Figure 81-2. Coastal Blue Carbon widget tool 

This tool is linked to the NatCap InVEST (v3.3.3) Coastal Blue Carbon model.  This model 
attempts to predict the amount of carbon stored and sequestered over a coastal zone at 
particular points in time due to changes in land cover. Using an estimate of the monetary 
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social value, or where available, a market price for stored and sequestered carbon, the 
InVEST Coastal Blue Carbon model also quantifies the marginal value of storage and 
sequestration. Results of the model can be used to compare current and future scenarios of 
carbon stock and net sequestration, as well as identify locations within the landscape 
where degradation of coastal ecosystems should be avoided and restoration of coastal 
ecosystems should be prioritized in order to preserve and enhance these carbon storage & 
sequestration services. 

 

Parameter  Explanation 

Land Use/Land Cover 
Lookup Table 

CSV table used to map land use/land cover (LULC) 
classes to their values in a raster and to indicate 
whether or not the LULC class is a coastal blue carbon 
habitat. 

Land Use/Land Cover 
Transition Table  

CSV table where rows represent the base land use/land 
cover (LULC) classes and columns represent the 
transition LULC classes. 

Carbon Pool Initial Table  CSV table containing information related to the initial 
conditions of the carbon stock within each of the three 
pools of a habitat. Biomass includes carbon stored 
above and below ground. All non-coastal blue carbon 
habitat LULC classes are assumed to contain no 
carbon. The values for ‘biomass’, ‘soil’, and ‘litter’ 
should be given in terms of Megatonnes CO2e /ha. 

Carbon Pool Transient 
Table  

CSV table containing information related to the 
transition of carbon into and out of coastal blue carbon 
pools. All non-coastal blue carbon habitat land use/land 
cover (LULC) classes are assumed to neither sequester 
nor emit carbon as a result of change. The 
‘yearly-accumulation’ values should be given in terms 
of Megatonnes of CO2e /ha-yr. The ‘half-life’ values 
must be given in terms of years. The ‘disturbance’ 
values must be given as a decimal percentage of stock 
disturbed given a transition occurs away from a 
particular LULC class. 

Baseline Raster Map  A GDAL-supported raster file representing the 
landscape/seascape at the initial point of time. 

Baseline Year  Type in the year corresponding to the baseline raster 
file provided above. 

Transition Raster Map  GDAL-supported raster representing the 
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landscape/seascape at particular (future) point in time. 

Transition Year  Type in the year corresponding to the provided land 
use/land cover (LULC) transition raster. 

Run Economic Analysis  Boolean type of data. If checked (default), net present 
value of sequestered carbon will be calculated. 

Use Price Table  Boolean type of data. If checked, a price table will be 
used to calculate net present value of sequestered 
carbon. 

Price (currency units)  The price per Megatonne CO2e at the baseline year. 

Interest Rate  The interest rate on the price per Megatonne CO2e, 
compounded yearly. 

Discount Rate  The discount rate on future valuations of sequestered 
carbon, compounded yearly. 

Price Table  Only needed when the use price table variable is 
checked. Can be used in place of price and interest rate 
inputs. The provided CSV table contains the price per 
Megatonne CO2e sequestered for a given year, for all 
years from the original snapshot to the analysis year, if 
provided. 

Table 17. Parameters of Coastal Blue Carbon widget tool 

Upon execution of the widget tool, a Carbon Maps layer including six different images -- 
Carbon Stock Baseline, Carbon Stock Transition, Carbon Accumulation, Carbon Emissions, 
Carbon Net Sequestration, and Net Present Value -- will be added to the map. You can 
view the layer with all images and the legend in the Layer List widget, and download the 
layer through the InVEST Output Maps Zipfile link on the Output tab.  

 

107 



 

 

Figure 82. Coastal Blue Carbon and output - Carbon Stock Baseline 

 

Figure 83. Coastal Blue Carbon and output - Carbon Stock Transition 
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Figure 84. Coastal Blue Carbon and output - Carbon Accumulation 

 

 

Figure 85. Coastal Blue Carbon and output - Carbon Emissions 
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Figure 86. Coastal Blue Carbon and output - Carbon Net Sequestration 

 

Figure 87. Coastal Blue Carbon and output - Net Present Value 

 

 

 

 

 

110 



 

5.6 Socioeconomic Analysis Widget 

The Socioeconomic Analysis Widget contains tools that are meant to quantify actual or 
potential socioeconomic effects that are directly or indirectly caused by a flow of goods, 
information, or ecosystem services between sending and receiving systems. 

 

 

Figure 88. Screenshot showing the Socioeconomic Analysis Widget tools 
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5.6.1. Visitation Rate 

 

Figure 89. Visitation Rate widget tool 

 

This tool is linked to NatCap InVEST (v3.3.3) Visitation Rate model. 

Recreation and tourism are important components of many national and local economies 
and they contribute in innumerable ways to physical wellbeing, learning, and quality of life. 
To quantify the value of natural environments, the InVEST recreation model predicts the 
spread of person-days of recreation, based on the locations of natural habitats and other 
features that factor into people’s decisions about where to recreate.  

This widget tool is most useful in the absence of empirical data on tourism visitation as it 
uses a proxy for visitation: geotagged photographs posted to the website flickr. Using 
photographs, the tool returns approximate estimates of average yearly visitation rates per 
area/sub-area of interest. 
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Parameter  Explanation 

Area of Interest Shapefile  Uploaded from local drive or extracted from URL. A 
zipped shapefile representing the area of interest 
where the model will run the analysis 

Start Year ( >= 2005)  Year to start to calculate overall number of 
user-daily-photos, date starts on Jan 1st. Inclusive, 
must be >= 2005. 

End Year ( <= 2014)  Year to end to calculate overall number of 
user-daily-photos, date ends and includes Dec 31st. 
Inclusive, must be <= 2014. 

Grid the AOI (Area of 
Interest) 

When checked (default), overlay grid cells of a given 
shape type on top of the area of interest. Grid cells will 
be used to aggregate predictors and counts over the 
study area. 

Grid Type (optional)  Select the shape of the grid used by the model. 
Note: default value is None 

Cell Size (optional)  The size of the grid units measured in the projection 
units of the AOI (e.g. UTM projections use meters). 

Table 18. Parameters of Visitation Rate widget tool 

 

Upon execution, two layers will be added on to the map -- Annual Mean Visitation Rate, 
and VisitationRate. You can select and view these two layers with the Layer List widget and 
download them through the InVEST Output Maps Zipfile link on the Output tab. You will 
also see a Monthly Visitation Rate Table link appear on the output tab. Clicking on the link 
will return a csv table. 

 

 

Figure 90. Snippet of the output monthly visitation rate table 

 

113 



 

 

Figure 91. Annual Mean Visitation Rate layer 
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Figure 92. VisitationRate layer 
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5.6.2. Cost-Benefit Analysis 

 

Figure 93. Cost-Benefit Analysis widget tool 

 

Transfer of wildlife between tourism hot-spot locations (e.g. zoos) has become increasingly 
common worldwide because of the increased demand for exotic species exhibits. As a 
natural consequence, this type of business comes with a set of associated costs (e.g. airline 
transportation, food, maintenance labor) and benefits (e.g. economic revenues from the sale 
of the wildlife species, food production for feeding purposes, and revenues from tourism). 
This is one example where the Cost-Benefit Analysis widget tool can evaluate the viability 
of an activity. In the case of wildlife transfer, the tool can estimate costs and revenues 
associated with a given activity (e.g. Panda loan) and telecoupling system, and in turn 
calculate the total returns of investment (returns = total revenues - total costs). When the 
tool finishes executing, new fields showing total costs, revenues, and returns will be added 
to the feature layer provided as input and can be symbolized like any other quantitative 
feature attributes. 
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Note: at the moment, this tool can only be used for wildlife transfer types of telecoupling, 
since the costs and revenues in the required input csv financial table are tailored to this 
activity. 

 

Parameter  Explanation 

Telecoupling Systems  Uploaded from local drive or extracted from URL. A 
zipped shapefile or Feature Layer containing 
information about all involved systems. The layer 
should have at minimum a field indicating the name of 
the systems (e.g. countries) 

Economics Table  Uploaded from local drive or extracted from URL. A csv 
table containing costs and revenues for each 
telecoupling system. The table should have a field that 
can be joined to the input feature layer representing all 
involved systems. 

Economics Table Join Field  The field in the economics csv table that will be joined 
to the input feature layer representing all involved 
systems. 

Table 19. Parameters of Cost-Benefit Analysis widget tool 

 

Figure 94. Cost-Benefit Analysis widget tool 
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Figure 95. Cost-Benefit Analysis output map 
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5.6.3. Crop Production 

 

Figure 96-1. Crop Production widget tool 
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Figure 96-2. Crop Production widget tool 

 

This widget tool is linked to the NatCap InVEST (v3.3.3) Crop Production model. Expanding 
agricultural production and closing yield gaps is a key strategy for many governments and 
development agencies focused on poverty alleviation and achieving food security. However, 
conversion of natural habitats to agricultural production sites impacts other ecosystem 
services that are key to sustaining the economic benefits that agriculture provides to local 
communities. Intensive agricultural practices can add to pollution loads in water sources, 
often necessitating future costly water purification methods. Overuse of water also 
threatens the supply available for hydropower or other services. Still, crop production is 
essential to human well-being and livelihoods. The Crop Production widget tool will 
produce estimates of crop yield, from existing data, percentile summaries, and modeled 
predictions.  
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Note: The InVEST Crop Production model is currently under active development. We do not 
recommend using this model in decision-making contexts until it has been further tested. 

 

Parameter  Explanation 

Crop Lookup Table   Upload local csv table or provide URL of online table 
used to convert the crop code provided in the Crop Map 
to the crop name that can be used for searching 
through inputs and formatting outputs. 
Note: table must be in csv format 

Crop Management 
Scenario Map 

Upload local file or provide URL of online file to 
represent a crop management scenario. 
Note: file must be a GDAL-supported raster file 

Yield Function  The method used to compute crop yield. Can be one of 
three: 'observed', 'percentile', and 'regression'.  

Percentile Column 
(optional) 

For percentile yield function, the table column name 
must be provided so that the program can fetch the 
correct yield values for each climate bin.  
Note: default value is None 

Zipped Fertilizer Raster 
Folder (Optional, only with 
regression) 

Uploaded from local drive or extracted from URL. A 
zipped folder containing a set of GDAL-supported 
fertilizer raster maps representing the amount of 
Nitrogen (N), Phosphorous (P2O5), and Potash (K2O) 
applied to each area of land (kg/ha).  

Irrigation Map (optional, 
only with regression) 

Uploaded from local drive or extracted from URL.  A 
GDAL-supported raster representing whether irrigation 
occurs or not. A zero value indicates that no irrigation 
occurs. A one value indicates that irrigation occurs. If 
any other values are provided, irrigation is assumed to 
occur within that cell area.  

Compute Nutrient 
Contents (optional) 

If checked, calculates nutrition from crop production 
and creates associated outputs.  

Crop Nutrient Information 
Table (optional) 

Upload local csv table or provide URL of online table 
containing information about the nutrient contents of 
each crop.  
Note: table must be in csv format 

Compute Financial 
Analysis (optional) 

If checked, calculates economic returns from crop 
production and creates associated outputs.  
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Crop Economic 
Information Table 

Upload local csv table or provide URL of online table 
containing information related to market price of a 
given crop and the costs involved with producing that 
crop.  
Note: table must be in csv format 

Table 20. Parameters of Crop Production widget tool 

 

After execution of the widget tool, a raster layer representing the estimated crop yield will 
be added to the map. You can download this layer by clicking the InVEST Output Maps 
Zipfile link on the Output tab.Nutritional Table and Economic Table are two optional outputs 
if the user has selected the Crop Nutrient Information Table and Compute Financial Analysis 
options when running the tool. The links to download two csv files are shown on the output 
tab. 

 

Figure 97. Crop Production widget tool output 

 

 

Figure 98. Snippet of the optional output Nutritional Table 
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Figure 99. Optional output Economic Table 

 

5.6.4. Nutrition Metrics 

 

Figure 100. Nutrition Metrics widget tool 

123 



 

This widget tool estimates the population within an Area of Interest (AOI) by age groups 
and then calculates the Lower Limit of Energy Requirement (LLER; in kilocalories/day) for 
age groups within the AOI. 

Note: this tool will only run with an Area of Interest in Africa, Asia, or South America/ 
Central America/ Caribbean. Age groups are five year intervals for both males and females. 
For example, Female 0-4, Female 5-9, Male 0-4, Male 5-9. The final age grouping for both 
males and females is 65+, which includes all individuals aged 65 and greater. No population 
information exists for the Africa Male 65+ age group in the Year 2020. 

 

Parameter  Explanation 

Area of Interest Shapefile   Upload local zipped shapefile (polygon) that defines the 
area of interest for which you want to extract 
nutritional information 

Continent (continent of 
area of interest) 

The continent within which your area of interest is 
located. Choose from the dropdown list 

Year of Interest  Year of interest chosen from the dropdown list 

Average Male Stature 
(cm) 

A value for the average stature (in centimeters) of a 
male individual within your area of interest. For 
example, the average male stature for an individual in 
the country (countries) covered by your area of interest. 

Average Female Stature 
(cm) 

A value for the average stature (in centimeters) of a 
female individual within your area of interest. For 
example, the average female stature for an individual in 
the country (countries) covered by your area of interest. 

Table 21. Parameters of Nutrition Metrics widget tool 

This tool produces an output table with nutrition metrics for the population groups within 
the area of interest. Therefore, if the Male 0-4 age group reports an LLER value of 
53,650,000, this indicates that within the AOI, a total of 53,650,000 kilocalories/day would 
be needed to feed all of the males in the 0-4 age group. 
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Figure 101. Nutrition Metrics widget tool output 

125 



 

 

Figure 102. Nutrition Metrics table displaying the population (pop), the lower limit of energy 
requirement in kcal/day (LLER), and the number of kcal/person/day (LLER_pp) for each age 

group 
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5.6.5. Population Count and Density 

 

Figure 103. Population Count and Density widget tool 

 

Human population density varies significantly by location. Areas with high population 
densities may have more available services, but might also exhibit greater inequalities. On 
the other hand, low population density may signal availability of resources such as land for 
agriculture and livestock, but may also suggest limited opportunities for wage employment. 
The Population Count and Density widget tool produces estimates of the number of 
individuals and density within a specified geographic area. Population density is reported as 
the number of people per km2. Population change can also be computed if population 
estimates for two time points are provided. This tool is quite versatile and can be used 
beyond its stated purpose. For example, instead of selecting population counts from 
different time periods, a user could select fields containing counts of male and female 
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members of a population at a given time. The tool could then be used to show the 
percentage difference between the number of males and females for the given reporting 
unit. This tool is a modified version of the Population Density Metrics tool from the 
Analytical Tools Interface for Landscape Assessments (ATtILA). The ATtILA toolbox is 
produced by the United States Environmental Protection Agency. Note: This tool assumes 
that population is distributed evenly throughout each census feature polygon. 

 

Parameter  Explanation 

Reporting Unit Shapefile  Uploaded from local drive or extracted from URL. A 
zipped shapefile of the vector polygon dataset that 
defines the reporting units. 
Note: the polygon must be in a projection where the 
units are in meters. 

Reporting unit ID field  The field in the Reporting Unit Shapefile layer that 
contains the unique ID for each reporting unit. It may be 
an integer or a string data type. 

Census Unit Shapefile  Uploaded from local drive or extracted from URL. A 
zipped shapefile of the vector polygon dataset that 
contains population data.  
Note: the polygon must be in a projection where the 
units are in meters. 

Population field  The field in the Census Unit Shapefile layer that 
contains population data. 

Table 22. Parameters of Population Count and Density widget tool 

Upon execution, the widget tool creates a population metrics map showing population 
density in different part of research area. The map will be added on the map, and you can 
also download this layer map by clicking the Output Maps Zipfile link on the Output tab. 
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Figure 104. Population Count and Density widget tool execution and output 
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5.6.6. Fisheries Harvest 

 

Figure 105-1. Fishery Harvest widget tool 

130 



 

 

Figure 105-2. Fisheries Harvest widget tool 

 

This widget tool is linked to the NatCap InVEST (v3.3.3) Fisheries model. This tool will 
produce estimates of total fish harvest by either weight or number of individuals, depending 
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on user input, as well as a summary report table with information on life cycle of fish based 
on the chosen population dynamics model. Users have the option to produce an output 
table showing the total economic value for each area of interest based on total harvest. 

 

Parameter  Explanation 

Area of Interest Shapefile  The provided shapefile is used to display outputs within 
the area of interest. The shapefile must contain a 
column titled "Name", which corresponds to the 
subregion specified in the Population Parameters csv 
file. 

Number of Steps for 
Model Run 

The number of time steps the simulation shall execute 
before completion. Must be a positive integer. 
Note: default value is 100 

Population Model Type  Specifies whether the classes provided in the 
Population Parameters csv file represent ages or 
stages. If the stage-based model is selected, the 
Population Parameters csv File must include a 
‘Duration’ vector alongside the survival matrix that 
contains the number of time steps that each stage lasts. 
Note: default value is Age-Based 

Population Classes are 
Sex-Specific 

Specifies whether or not the population classes 
provided in the Population Parameters File are 
distinguished by sex. 
Note: default value is No 

Harvest by Individuals or 
Weight 

Specifies whether the harvest output values are 
calculated in terms of number of individuals or in terms 
of biomass (weight). If ‘Weight’ is selected, the 
Population Parameters csv file must include a ‘Weight’ 
vector alongside the survival matrix that contains the 
weight of each age/stage, as well as sex if the model is 
sex-specific. 
Note: default value is Weight 

Population Parameters 
File 

The provided csv file should contain all necessary 
parameters for population groups based on age/stage, 
sex, and subregion: 

● Classes (required)- The leftmost column should 
contain the age/stage names of the given 
species listed in chronological order. Each name 
can be an alphanumeric string. If the population 
classes are sex-specific, all age/stage names of 

132 



 

one sex must be listed first, followed below by 
the age/stage names of the other sex. 

● Subregions (required)- The top-most row 
should contain the subregion names considered 
by the model. Each name can be an 
alphanumeric string. If the AOI shapefile is to be 
provided, the subregion entries must each 
match a corresponding ‘Name’ attribute value in 
a feature of the AOI shapefile. An entry must be 
provided even if the model is considering only 
one subregion. 

● Survival Rates from Natural Mortality Matrix 
(required)- Each unique pair of age/stage and 
subregion should contain a survival rate from 
natural mortality, expressed as a decimal 
fraction. 

● ExploitationFraction (required)- A row starting 
in the first column with the label 
‘ExploitationFraction’. The exploitation fraction 
is the proportion of the vulnerable population in 
each subregion that is harvested (0=0% 
harvested, 1=100% harvested). Each subregion 
is treated independently (i.e. up to 100% of the 
vulnerable population in each subregion may be 
harvested). 

● LarvalDispersal- A row starting in the first 
column labeled ‘LarvalDispersal’. The larval 
dispersal is the proportion of the cumulative 
larvae pool that disperses into each subregion. 
Each subregion column should have a decimal 
to represent this. Dispersal across all subregions 
should add up to 1. If larval dispersal isn’t 
provided, larvae will be dispersed equally across 
all subregions. 

● VulnFishing (required)- A column labeled 
‘VulnFishing’, which is the relative vulnerability 
to harvest for each class. A decimal value for 
each class listed in this column is required. The 
most vulnerable age(s)/stage(s) should have a 
value of 1.0, indicating full vulnerability. 

● Maturity- A column labeled ‘Maturity’. It 
represents the fraction of that age or stage 
which is mature and contributes to the 
spawning stock. A decimal value for each 
age/stage is required if maturity is included. For 
classes which do not reproduce, this should be 
0. 
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● Duration- A column labeled ‘Duration’. This 
column is required for stage-based models. It 
represents the number of time steps for which 
an average individual will be in that stage before 
moving to the next one. 

● Weight- A column which is required if 
‘Spawners by Weight’ or ‘Harvest by Weight’ is 
selected. This is the average biomass of an 
individual of the population at each age/stage 
expressed in model-agnostic units and is 
required for each of the ages/stages listed in the 
classes column. 

 

Total Initial Recruits  The initial number of recruits in the population model at 
time equal to zero. If the model contains multiple 
subregions of interest or is distinguished by sex, this 
value will be first divided into subregions using the 
LarvalDispersal vector and then further divided evenly 
by sex of each subregion. 
Note: default value is 4,500,000 

Recruitment Function 
Type 

This equation will be used to calculate recruitment into 
each subregion in the area of interest (options: 
Beverton-Holt or Ricker). 
Note: default value is Beverton-Holt 

Spawners by Individuals 
or Weight 

Specifies whether the spawner abundance used in the 
recruitment function should be calculated in terms of 
number of individuals or in terms of biomass (weight). If 
‘Weight’ is selected, the user must provide a ‘Weight’ 
vector alongside the survival matrix in the Population 
Parameters csv File. The ‘Alpha’ and ‘Beta’ parameters 
provided by the user should correspond to the selected 
choice. 
Note: default value is Weight 

Alpha  Specifies the shape of the stock-recruit curve. 
Note: default value is 5,770,000 

Beta  Specifies the shape of the stock-recruit curve. 
Note: default value is 2,885,000 

Estimate Migratory 
Patterns 

Select this option if you wish to estimate migratory 
patterns 

Migration Matrix csv Files  Specify the path to a folder containing a migratory 
matrix csv file. 
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Consider the following when formating the migratory 
csv file: 
For each age/stage where migration occurs, there 
should be a single csv within the migration directory. 
The name of the csv can be anything, but MUST end 
with an underscore followed by the name of the age or 
stage. This MUST correspond to an age or stage within 
the Population Parameters csv File. For migration from 
the ‘adult’ class for example, a migration file might be 
named ‘migration_adultcsv’. The csv should contain 
nothing besides subregion names and migration values. 
The first row and first column should be the names of 
the subregions in the Population Parameters csv File, 
listed in the same order. The columns represent the 
sources — the subregions FROM which the migration 
occurs; each column should therefore sum to 1. The 
rows represent the sinks — the subregions TO which 
the migration occurs. The cells within the matrix should 
be a DECIMAL REPRESENTATION of percentage of the 
source’s population which will migrate to the sink. 

Estimate Harvest Value  Select this option if you wish to estimate harvest value. 

Fraction of Harvest Kept 
After Processing 

This is the decimal representation of the percentage of 
harvested catch remaining after post-harvest 
processing is complete. 
Note: default value is 0.286 

Unit Price  Specifies the price per harvest unit. 
Note: default value is 29.93 

Table 23. Parameters of Fisheries Harvest widget tool 

 

Upon execution, a layer showing the fisheries harvest will be added to the map. You can 
download this layer by clicking the InVEST Output Maps Zipfile link on the Output tab. 
Users will also see two links - Harvest Value Table and Results Summary Table on the 
output tab. Clicking on the links will return .csv tables summarizing harvest results. 
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Figure 106. Fisheries Harvest widget tool output map 

 

 

Figure 107. Fisheries Harvest widget tool output files 
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Figure 108. Snippet of the Harvest Value Table output from the Fisheries Harvest widget 
tool showing harvest total and total economic value of harvest by subregion. 

 

 

Figure 109. Snippet of the Results Summary Table output from the Fisheries Harvest 
widget tool showing harvest total and total economic value of harvest by subregion. 
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5.6.7. Food Security Analysis 

 

Figure 110. Food Security Analysis widget tool. 

This widget tool provides three outputs intended to approximate food security within an 
area of interest. To operate the tool, the user must place an area of interest on the map, 
then select the country within which the area of interest is located. Finally, the user must 
select an FAO food security indicator. These inputs are summarized in the below table: 

 

Parameter  Explanation 

Area of Interest  A user-defined area of interest drawn on the web map. 
The user must select one of the provided shapes to 
draw the area of interest. Note: Areas of Interest drawn 
above 50 degrees North and below 50 degrees South 
latitude will not return the output precipitation product 
as rainfall data products were not available outside of 
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50 degrees S to 50 degrees N. 

Country  The country within which the area of interest is drawn. 
Select the country from the drop-down list. 

FAO Food Security 
Indicator 

A drop-down list of food security indicators provided 
by the FAO. 

Table 24. Parameters of Food Security widget tool 

The three output products returned by the model are the following: 

Distance to Market: An estimate of the euclidean distance to the nearest market. Note: a 
market location is defined as a location with 1,000 people per sq km or more, a definition 
provided by OECD, 2012. Distance to market will be calculated from the centroid of the 
area of interest. Citation: OECD (2012), Redefining "Urban": A New Way to Measure 
Metropolitan Areas, OECD Publishing. 

Food Security Graph: A line graph depicting the change in the selected food security 
indicator for the country of interest over time. This information is plotted against average 
food security information for country income groupings. Country income groupings were 
constructed according to the World Bank. 

Monthly Rainfall Graph: A bar graph of monthly rainfall data (in millimeters)obtained from 
the CHIRPS dataset. Citation: Funk, Chris, Pete Peterson, Martin Landsfeld, Diego Pedreros, 
James Verdin, Shraddhanand Shukla, Gregory Husak, James Rowland, Laura Harrison, 
Andrew Hoell & Joel Michaelsen. "The climate hazards infrared precipitation with 
stations—a new environmental record for monitoring extremes". Scientific Data 2, 150066. 
doi:10.1038/sdata.2015.66 2015.  

Note that the Food Security Graph is a national-level product, while the Distance to Market 
and Monthly Rainfall Graph are both at the level of the area of interest. 
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Figure 111. The Food Security Analysis widget with all parameters defined. Note: the area 
of interest is the blue box in the lower left-hand corner of the image. 

 

 

Figure 112. The distance to market from the area of interest. The size and quality of 
resolution in this document may make it difficult to read the output. The distance to market 

is 552 km and the geographic coordinates of this market in meters is (6949119.21277, 
4065787.85087). 
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Figure 113. The selected food security indicator for Afghanistan plotted against country 
income groupings. 

 

141 



 

 

Figure 114. Monthly precipitation information (in millimeters) for the area of interest. 

 

6. Imagery Analysis Widget 
The Imagery Analysis widget contains widget tools that can help you explore and analyze 
satellite imagery in areas of interest. 
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Figure 115. Screenshot showing the Imagery Analysis widget tools 

 

6.1 Pick Imagery Layers 

 

Figure 116. Pick Imagery Layers widget tool 

Pick Imagery Layer widget tool allows you to select imagery layers from the dropdown 
menu, and set them as primary or secondary layer. The primary layer lays on top of 
secondary layer in the map viewer. The tool also offers the function to copy the primary 
layer to the secondary layer and to swap primary and secondary layers. 
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Figure 117. View of map with “Imagery: Multispectral Landsat” as the primary layer and 
“Imagery: Panchromatic Landsat” as the secondary layer (displaying “Multispectral 

Landsat”) 

 

 

Figure 118. View of map with “Imagery: Multispectral Landsat” selected as the primary 
layer and “Imagery: Panchromatic Landsat” as the secondary (displaying “Panchromatic 

Landsat”)  
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6.2 IS Renderer 

 

Figure 119. IS Renderer widget tool 
 

The IS Renderer widget tool sets the service functions and stretch on the primary layer. The 
dropdown menu in the widget is automatically populated with the service functions 
associated with the primary layer. This tool should be used if you want to visualize the 
multispectral image using a combination of bands that is more appropriate for your goals 
(e.g. agriculture, water, vegetation, etc.) 

Note: you need to use the Pick Imagery Layers tool prior to using this one! Once you 
select a multispectral image, there will be multiple ways to render the image according 
to the chosen layer. 
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Figure 120. IS Render execution and output. View of map when “Imagery: Multispectral 
Landsat” is selected as the primary layer (through Pick Imagery Layer widget), and the 

image is rendered using Agriculture with DRA” from the drop down menu 

 

6.3 Temporal Selector 

 

Figure 121. Temporal Selector widget tool 
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Figure 122. Snippet of the Temporal Selector widget tool and expanded list of available 
imagery dates 

This tool allows you to search an imagery layer by its acquisition date as well as setting a 
specific point in time as a secondary layer. The latter is useful when performing change 
detection or comparing layers. You can select a desired time by using the slider shown in 
Figure 114, as well as by choosing from a time list. The imagery dates list is displayed by 
clicking the list button on the left of the slider as shown in Figure 115. 

Note: Make sure to use the Pick Imagery Layers widget tool prior to using this tool! 

147 



 

 

Figure 123. Temporal Selector widget tool execution and output. View of map with 
“Imagery: Multispectral Landsat” selected as the primary layer and February 2, 2018 

selected from the imagery dates list 

 

6.4 Imagery Comparison 

 

Figure 124. Image Comparison widget tool 

The Image Comparison widget tool uses a vertical swipe to compare the topmost imagery 
layer with a secondary imagery layer as set in the Pick Imagery Layers tool. 

Note: you need to use the Pick Imagery Layers tool prior to using this one! 

Typically, you can use this tool to compare the same location between landsat images in 
two different points of time. To do this, you need to use the Temporal Selector widget tool, 
select a specific temporal scale, and set it as a secondary layer with the function in 
Temporal Selector widget tool. Then you are able to come back to Imagery Comparison 
widget tool to compare the two points in time. 
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Figure 125. Imagery Comparison widget tool execution and output. View of map when 
comparing Imagery: Multispectral Landsat - May 31, 2017 as primary image and Imagery: 

Multispectral Landsat - January 10, 2018 as secondary image 

 

6.5 Change Detection 

 

Figure 126. Change Detection widget tool 

The Change Detection widget tool allows you to calculate the difference between the 
primary and secondary layers. The result is added as a new Results layer. The output is 
symbolized to identify areas where land cover has changed, such as areas of increasing or 
decreasing vegetative cover. 
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Note: This tool requires that BOTH the Pick Imagery Layers and Temporal Selector tools 
have been used prior to running the Change Detection tool. This is required in order to 
select two points in time. 

 

 

Figure 127. Change Detection widget tool execution and output. The output was produced 
using a Multispectral Landsat image from April 23, 2018 as the primary imagery layer and a 

Multispectral Landsat image from February 2, 2018 as the secondary image. The output 
identifies change in the Vegetation Index over the nearly three month period 

 

6.6 Temporal & Spatial Profile 

 

Figure 128. Temporal & Spatial Profile widget tool 
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Temporal & Spectral Profile widget tool shows a spectral or index profile (NDVI, NDMI 
Moisture Index, or Urban Index) for a selected point on the primary layer chosen using the 
Pick Imagery Layer tool.  

Note: You need to use the Pick Imagery Layer tool prior to using this one! 

When you select one of the profiles to show, and click on the map, a corresponding profile 
will appear on top of the map. 

 

 

Figure 129. An example of spectral profile 

 

 

Figure 130. An example of temporal profile 
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Figure 131. An example of index profile 

 

6.7 Export to Disk 

 

Figure 132. Export to Disk widget tool 

 

Export to Disk widget tool allows you to save the topmost visible imagery layer to the app 
user’s content in Portal for ArcGIS, or export the same image locally as a TIFF file. When 
you save the imagery layer, you can define the title, description, tags, pixel size and spatial 
reference of it. 
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