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Abstract

Automating Wetland Prioritization Analyses Using GIS
by

Blythe Hawley Spendlove

In environmental and conservation fields, managers and other decision makers need to
prioritize their efforts to specific areas using multiple-criteria decision analysis, to
maximize environmental protection given limitations of budget and time. However,
creating these prioritization models requires a combination of both scientific and
technical skills, and many of those with the expertise to create scientifically sound
prioritization models have limited time to devote to the technical aspects of the analysis.
There was a need to automate this analysis process to enable scientists and other decision
makers to quickly repeat analyses with different criteria and compare the results.

This project automated a wetland prioritization analysis in California for the U.S.
Fish and Wildlife Service (USFWS) into a collection of ArcGIS ModelBuilder tools. This
project then created a GIS web application to enable USFWS employees to re-do the
prioritization analysis with different weights for the various ecological factors that were
included in the analysis (such as endangered species habitat, important bird areas, etc.).
With the analysis process thus simplified, scientists and decision makers in the USFWS
can now apply current and evolving scientific knowledge and compare wetland priorities
in a multiple criteria decision analysis framework.
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Chapter 1 — Introduction

In environmental and conservation fields, managers and other decision makers need to
prioritize their efforts to specific areas using multiple-criteria decision analysis, to
maximize environmental protection given limitations of budget and time. However,
creating these prioritization models requires a combination of both scientific and
technical skills, and many of those with the expertise to create scientifically sound
prioritization models have limited time to devote to the technical aspects of the analysis.
There was a need to automate this analysis process to enable scientists and other decision
makers to quickly repeat analyses with different criteria and compare the results.

This chapter will give an overview of the client of this project and problem this
project addressed. The chapter will then briefly discuss the solution that was proposed for
this project and the audience this project was geared towards.

1.1 Client

The client of this project was Cade London, Policy Advisor for International Affairs for
the U.S. Fish and Wildlife Service (USFWS), and part of his job responsibilities is to
determine wetlands that should be considered as Ramsar wetlands of “international
importance” (C. London, personal communication, 15 Oct 2017). The client’s main
responsibilities for this project included providing domain knowledge, such as what
important prioritization criteria should be considered, and providing the relevant datasets.

1.2 Problem Statement

In 1975, the United States signed an international agreement on the protection of
wetlands—"The Ramsar Convention on Wetlands of International Importance Especially
as Waterfowl Habitat”—and this project’s client holds responsibility for designating
Ramsar wetlands in the United States. Historically, the process for designating a wetland
as a Ramsar wetland of international importance has involved a lot of paperwork, and
there has been no clear way for the client to decide which wetlands are more important
than others. Because of this, the client wanted to use geographic information science
(GIS) to prioritize wetlands in the United States in such a way that he could compare the
wetland priorities of different groups and individuals, in order to make more informed
decisions when designating Ramsar wetlands (C. London, personal communication,
2017). However, creating a wetland prioritization analysis for even one person’s
priorities required a unique combination of both scientific and technical skills, and the
client and his associates had little time to devote to this effort.

1.3 Proposed Solution

There was a need to automate the prioritization of wetlands with GIS such that scientists
and decision-makers could quickly complete the wetland prioritization analysis and
compare wetland priorities without requiring an extensive knowledge of GIS. This
project fulfilled this need by automating the analysis process and creating a web
application so that users could prioritize wetlands according to their own priorities. With
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the analysis process simplified, decision-makers can easily prioritize wetlands according
to their views and then compare those priorities with those of other stakeholders.

1.3.1 Goals and Objectives

The goal of this project was to automate a pilot wetland prioritization analysis in
California so that the client and his associates could re-do wetland prioritization analyses
in a multiple-criteria decision analysis framework, where the opinions of different
stakeholders are taken into account. The project consisted of two main objectives that
worked to meet this goal. The first was to automate the prioritization analysis in such a
way that the GIS analysis could be quickly repeated with different weights for the various
factors in the analysis. The second objective of this project was to develop a web
application where users could prioritize wetlands and compare the results without
needing a technical background in GIS.

1.3.2 Scope

The scope of the implementation included two deliverables. The first deliverable was an
ArcGIS ModelBuilder toolbox that enabled the client (or his associates) to re-do the
wetland prioritization analysis in ArcGIS Pro, as well as to update the analysis with
newer versions of the input data. This toolbox consisted of model and script tools
organized into toolsets within the toolbox, and contained both toolsets used to prepare the
input data for analysis, as well as a toolset used to perform the prioritization analysis.

The second deliverable was a custom web application where people could specify
different weights of importance for the various factors that were used in the analysis, and
generate a map showing wetland priorities according to their personal weighting scheme.
The map layer generated by the web application could then be saved and compared with
other peoples’ maps of wetland priorities, so that the client could gain an understanding
of how priorities compare between several decision makers.

1.3.3 Methods

The custom toolbox created as part of this project was created using Model Builder in
ArcGIS Pro to create custom models and script tools organized into toolsets within the
toolbox. Wing IDE 101 6.0 was also used to write the Python scripts that were used in the
script tools. ArcMap was used to create the model that was used for the geoprocessing
service, as well as to publish the geoprocessing service. The web application was created
on the University of Redlands server using Esri’s Web AppBuilder online.

1.4 Audience

The audience being addressed by this project are primarily scientists and decision-makers
in the environmental field who will have a range of experience with GIS (from little or
limited knowledge of GIS to extensive knowledge).



1.5 Overview of the Rest of this Report

The format of the rest of this report goes as follows. Chapter 2 details the background of
this project and a literature review that was conducted. Chapter 3 outlines the systems
analysis and design. Chapter 4 outlines the database design of the project (both
conceptual and logical data model) as well as the data sources for the project. Chapter 5
describes the implementation of this project and Chapter 6 describes the results and an
analysis of those results. Chapter 7 contains conclusions from this project and
suggestions on future work. At the end of this report are the Works Cited section, and an
Appendix providing diagrams of the models, scripts, and script tools created as part of
this project.






Chapter 2 — Background and Literature Review

The chapter provides brief literature reviews on a few topics that were pertinent
background information for this project. The chapter begins with a literature review that
was conducted on previous efforts in wetland prioritization, and the criteria used by
scientists to prioritize wetlands. A short literature review is then given on multiple criteria
decision analysis, as that was a key concept for how the client of this project envisioned
using the final products from this project. A brief discussion on buffer distances
delineating the extent of movement of wetland-dependent animals is then presented, to
inform decisions made in the analysis process on buffer distances. This chapter ends with
a miscellaneous note on the decision to perform this project as a vector (instead of raster)
overlay.

2.1 Wetland Prioritization — Previous Efforts and Criterion for
Prioritization

Wetlands are important habitat for conservation efforts. Not only do they play an
important role in providing habitat to many species (Copeland et al., 2010), but they also
provide a plethora of services to humans such as controlling erosion (Ming, Xian-guo,
Lin-shu, Li-juan, & Shouzhenga, 2007) and providing important flood protection along
rivers (Mclnnes, 2016; Ming et al., 2007). There is a great importance to being able to
prioritize conservation areas scientifically, instead of going about it in random or ad-hoc
ways (C. London, personal communication, 16 Oct 2017; Prendergast, Quinn, & Lawton,
1999). But, prioritizing these areas is not a simple and straightforward task, for there are
many different factors that contribute to the relative importance of any one area over
another.

Using GIS to automate a wetland prioritization analysis such that users are given a
list of potential criterion to use in the analysis and are allowed to choose their own
weights of importance for the various factors is an effective way to begin to address these
problems, by simplifying the prioritization analysis into an interface that both scientists
and land managers can use to integrate their specialized knowledge into an analysis, and
compare the results with one another.

This section will discuss various criterion that could be considered for wetland
prioritization and will highlight previous work that has been done to use GIS to help
prioritize wetlands and conservation areas.

2.1.1 Criterion for Wetland Prioritization

One criterion that is often used to prioritize areas for conservation is “biodiversity,” or,
the diversity of species in an area (Prendergast et al., 1999). This is often hard to measure
though. Another criterion scientists sometimes use is “indicator species,” which are
species that give an indication of the overall health of an ecosystem (Andersen,
Hoffmann, Muller, & Griffiths, 2002; Prendergast et al., 1999). A third criterion that can
be used in the United States, is the presence or absence of endangered species, assuming
the spatial ranges of those species are known (C. London, personal communication, 16
Oct 2017).



Because taking into account the ranges of many different species can be difficult and
time consuming, the concept of umbrella species is an attractive alternative (Roberge &
Angelstam, 2004). According to Roberge & Angelstam (2004), “An umbrella species is
defined as a species whose conservation is expected to confer protection to a large
number of naturally co-occurring species” (p. 76). Oftentimes one “umbrella species” is
not sufficient to protect all the diversity in an area, giving support to the “multi-species”
approach where the ranges of multiple umbrella species are considered when prioritizing
conservation area (Roberge & Angelstam, 2004). In the case of wetlands, various plants
and dragonflies have been suggested as potential umbrella species (Bried, Herman, &
Ervin, 2007). There are many other criteria that can be considered when prioritizing
wetlands to conserve, such as considering areas that are important for migratory birds
(Copeland et al., 2010; United Nations Educational Scientific and Cultural Organization,
1994).

As a final note, it should also be noted that there is sometimes a disconnect between
land managers and scientists (Arlettaz et al., 2010; Kiester et al., 1996; Prendergast et al.,
1999; Thorhill, 2014), so priorities of scientists in the academic field may not be the same
as priorities of land managers and other decision makers in the field.

2.1.2  Previous Work on Prioritizing Wetlands with GIS

This is not the first time that someone has attempted to construct a geospatial model to
prioritize wetlands. For example, Copeland et al. (2010) discussed a geospatial analysis
they had conducted in Wyoming. In their study, they mapped areas with high wetland
density and then assessed which wetlands had the highest priority by overlaying that data
with spatial data that showed the biodiversity, condition, and vulnerability of those
wetlands, as well as the use of those areas for agricultural and recreational use. In
addition, one of the things the Copeland article mentioned was what definition they used
for wetlands. This is an important thing to note, because according to this project’s client,
wetlands are often defined very broadly and can consist of several different ecoregions.

2.2 Multiple Criteria Decision Analysis and GIS

As multiple criteria decision analysis was an important function that this client felt this
project outcome could assist in, a brief literary review on multiple criteria decision
analysis and its integration with GIS was conducted.

An article from 2001 states that multiple criteria analysis methods “effectively
decompose choice decisions into evaluations of sets of criteria that allow the performance
of alternatives to be judged. Through this process of decomposition, elements of
agreement and conflict between different individuals and groups can be exposed and
debated” (Feick & Hall, 2001, p. 14). An article published in 1995 also specified that
multiple criteria decision analysis should consist of choosing from a small to moderate
set of choices (Jankowski, 1995), rather than an unlimited set of choices.

To see if this project fulfilled the need posed by a multiple criteria decision analysis
framework, the project was compared against a definition of that framework. According
to Jankowski (1995), structured decision situations can be split into four steps: 1)
problem definition, 2) search for alternatives and selection criteria, 3) evaluation of
alternatives, and 4) selection of alternatives. To add on the qualifications of multiple
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criteria decision analysis as specified by Jankowski, the list of alternatives created in step
3 should also be small to moderate.

Applying the steps listed above to this project, Step 1 was completed when the client
defined the problem. Searching for alternatives and selection criteria (Step 2) was the
process of working with the client to define the different factors to use in the analysis.
The tools and web application created by this project enable the evaluation of alternatives
(Step 3). Narrowing down the alternatives and selecting the alternatives (Step 4), is not
completed by this project, nor should it be, for the client is the one with the information
and domain knowledge needed to refine the options presented. This project only aims to
help create alternative solutions. Thus, while this project is not relevant to perhaps all
aspects of multiple criteria decision analysis, it can be concluded that this project is
valuable for particular steps in the multiple criteria decision analysis framework.

Multiple criteria decision analysis has been integrated with GIS before. One example
of this was published in 2000. That example dealt with land use and allowed users to
explore different opinions on how to allocate land use in a tourist area. According to the
article, the goal of that project was to integrate GIS with multiple criteria analysis, to
“assist individuals and groups to explore alternative development strategies™ (Feick &
Hall, 2000). This is another example of GIS being used to help individuals explore
options and differing opinions in a spatial context. That project however, dealt with real
estate and land use designations, while this project dealt with determining wetland
priority areas.

2.3 Appropriate Buffer Distance for Wetland Prioritization

A brief literature review was also conducted to determine average distance thresholds of
wetland-dependent species movement, in order to decide on an appropriate buffer
distance to use for threshold distance buffers in the analysis.

In a paper about wetland-dependent reptiles, a review of the literature showed that
499-1518 meters was a mean minimum and maximum distance range for several reptile
species from different taxonomic groups when moving between wetlands, and that a 375
m “terrestrial core zone” would “encompass [...] 95% of terrestrial habitats used by [...
Chelodina] longicollis,” the turtle species of focus in the study (Roe & Georges, 2006).

Another literature review of wetland-dependent reptiles and amphibians, concluded
that the size of terrestrial habitat that surrounded wetlands where these species were
found ranged from 127 to 290 meters (Semlitsch & Bodie, 2003). This paper suggested
that an aquatic buffer and core habitat designation, as well as a terrestrial buffer distance
be applied to wetlands in order to better protect the core habitats of these species and
minimize edge effects (Semlitsch & Bodie, 2003). Adding the recommended aquatic
buffer and core habitat ranges with the recommended terrestrial buffer range, the total
recommended buffer size from the water’s edge was a distance that ranged between 192
to 339 meters (Semlitsch & Bodie, 2003).

The third paper reviewed here focused on buffer zones necessary to maintain
distance between waterfowl and motorboats, in order to avoid scaring the birds and
disrupting their life cycles (Rodgers & Schwikert, 2003). According to this paper, flush
distances, i.e., the distance from a motor boat at which the bird flew away, for 13 species
of water birds ranged from 49 to 172 meters, and the recommended buffer zones from



this study to minimize disturbance to birds ranged from 130 meters to 365 meters,
depending on the species (Rodgers & Schwikert, 2003).

This literature review on buffer distances was in no ways complete or sufficient for a
strong scientifically valid analysis. However, it was sufficient to gain an understanding of
the general scale that a reasonable buffer distance would have (tens, hundreds, or
thousands of meters) and to come up with a serviceable example distance to use in the
analysis—500 meters—since no other distances were provided by the client or his
associates.

2.4 Miscellaneous Note on Vector vs. Raster Overlay Research

For this project, it was ultimately decided to perform the analysis as a vector overlay.
When deciding this, two main factors were considered. First, the wetland data layer
provided by the National Wetlands Inventory, which was the basis for this analysis, was
already in vector format and was at a particularly detailed scale. In addition, other
datasets, such as threatened and endangered species, rivers, and important bird areas,
were also provided in the vector format. Converting the wetland data to raster format
would have compromised the accuracy of the wetland shapes—particularly small shapes,
as there were many extremely small wetland features in the dataset. Second, the input
data was maintained in vector format in the interest of getting the highest cartographic
output, with natural looking shapes. In the end, the wetland shapes were compromised to
a small degree when using the “Aggregate Polygon” tool to simplify the data layer, but
the results were acceptable as the error introduced can be controlled. As such, the
approach of vector analysis was adopted in this project.

2.5 Summary

In conclusion, the literature reviews completed above provided important background
information for this project. The wetland prioritization background literature review gave
important context for discussing priorities with the client. The review on multiple criteria
decision analysis and its relation to GIS analyses provided important support that the
project would, in fact, be useful for multiple criteria decision analysis as was supposed by
the client. Finally, the literature review on buffer distances directly led to the decision to
use 500 meters as the threshold buffer distance in this analysis. Chapter 3 will discuss the
systems analysis and design of this project.



Chapter 3 — Systems Analysis and Design

This chapter will discuss the systems analysis and design for this project. It will first
discuss the client’s problem that was addressed, the requirements analysis that was
completed, and the system design of the project. This chapter will then briefly discuss the
project plan and what changes were made to it.

3.1 Problem Statement

In environmental and conservation fields, managers and other decision makers need to
prioritize their efforts to specific areas using multiple-criteria spatial analysis, to
maximize environmental protection given limitations of budget and time. However,
creating these prioritization models requires a combination of both scientific and
technical skills, and many of those with the expertise to create scientifically sound
prioritization models have limited time to devote to the technical aspects of the analysis.
This is particularly true when the decision makers must iterate through many alternative
models. As such, the problem that this project addressed was to develop an automated
workflow that enables scientists and other decision makers (who may have limited GIS
experience), to quickly repeat analyses with different criteria and compare the results.

3.2 Requirements Analysis

The requirements of this project are best described in relation to the main deliverables of
the project. The first deliverable was a ModelBuilder Toolbox with models and script
tools (organized in toolsets), that condensed the prioritization analysis into an easily
repeated form and allowed the input of new data layers and weights into the analysis. The
second deliverable was a custom geoprocessing service that allowed the ranking of
wetlands according to users-defined weights for the various factors in the wetland
prioritization analysis. The third deliverable was a custom web application to host the
geoprocessing service. Table 3-1 summaries the functional and non-functional
requirements of each deliverable.

Table 3-1. Summary of Project Requirements

Deliverable Requirement

The tools all work properly (as expected and as
desired) [Functional requirement]

Model Builder | The tools all produce consistent results
Toolbox [Functional requirement]

The tools are organized in a self-explanatory
manner [Non-Functional requirement]




Deliverable Requirement

The tools included sufficient documentation
and metadata (including explanatory
descriptions for each parameter in all the tools)
such that the tools could be used by GIS
analysts without outside assistance [Non-
Functional Requirement]

The geoprocessing service worked consistently

Geoprocessing | [ynctional Requirement]

Service
Users can specify weights of importance for the
different input factors (i.e. Endangered Species,
Important Bird Areas etc.) [Functional
Requirement]
CUStO.m Web 2) Results from user-ran analyses can be saved
Application

externally [Functional Requirement]

Results are automatically symbolized with
effective pre-defined symbology [Functional
Requirement

The major functional requirement of the ModelBuilder Toolbox was that the tools all
worked properly and produced consistent results. Non-functional requirements were that
the tools were organized in a self-explanatory manner, and that they included sufficient
documentation and metadata such that the tools could be used by GIS analysts without
outside assistance. The geoprocessing service had the functional requirement that it
worked consistently. It also had the non-functional requirement that it would complete
the analysis in a minute or faster. The web application had four requirements, three of
them being functional requirements and one non-functional. The first two functional
requirements were that users could specify weights of importance for different layers and
that the results can be saved externally. The next requirement was that users are asked to
specify an area of extent. This is a necessary functional requirement, in order to ensure
that data processing does not take too long when users use the web tool. Effective, pre-
defined symbology of output results was another functional requirement for the web tool
to ensure that results were pre-generated in easy to understand symbology that was
consistent across different users of the web application and that clearly communicated the
results of the analysis.

3.3 System Design

The system design can be described as follows and as depicted in Figure 3-1.
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Figure 3-1 System Design

There are 6 major components that were included in the system design. The “Data”
component served as the basis for the project and was used in the creation of all other
components of the project. The second component, “Custom ArcGIS Pro Toolbox,” was
modeled around the input “Data” and consisted of models and script tools. This custom
toolbox then processed the “Data” to create the “Final Data.” An “ArcMap 10.5 Model”
then processed the “Final Data” again to create a “Geoprocessing Service,” that was
imbedded into the “Final Wetland Prioritization Application,” which was a custom web
application created in Web AppBuilder.

3.4 Project Plan

The original project plan is described in Figure 3-2. The plan was divided into four
phases, including Data Gathering, Analysis, Geoprocessing Tool Development, and Web

Interface Development.

Gather Data

Deciding Data

Data Collection

Data Clean Up

Prep Data for
Analysis

Perform the
Analysis

(Find USFWS priority wetlands)

Beginning Analysis
-Outlining Process
-Decide Vector vs Raster
<Pilot Analysis (w/ smpsses)

Weighting
-Seek Client Input
-Weighting Layers

“Weighting Attributes

The Real Analysi
[(Rterative Process)
Do Analysis (w/ Model Bulider)
-Dealing w/ any problems
~Client Feedback

Publishing the

Analysis
-Making the Map

Condense Analysis
intoa
Geoprocessing Tool

Decide how to split
Model into GP tools
(1 or 2 total tools)

Migrate Model into a
Python Script tool
for ArcPro 2.0

Customer Feedback
and Script Revision
As Necessary

Migrate Model into
A Python Script Tool
for ArcMap 10.x

Update Metadata Along the Wa

Create an Interface
(A Customized Web Application
to host the geoprocessing tool)

Figure Out
Permissions (Only
Administrators can

Publish GP web tools)

Migrate the Script
Tool into a Web Tool

Create a Customized
Web App

Customize the Web
Map for Good

Utility and

Aesthetics

A Map and
Feature
Class
Showing
Priority
Wetlands

Script Tool &
Toolbox for
ArcMap 10.x

Script Tool &
Toolbox for
ArcGIS Pro

Customized
WebApp
-GP Tool
-Attractive
Map
-Useful and
Attractive
WebApp

Figure 3-2 Project Plan

Four deliverables were expected from this project plan:
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I) A collection of hardcopy maps and one web map depicting priority wetlands in
California according my client’s interpretation of USFWS priorities;

2) A ModelBuilder toolbox for ArcGIS Pro containing the model and script tools
used in the analysis;

3) A ModelBuilder toolbox for ArcMap 10.x containing the model and script tools
used in the analysis;

4) A ModelBuilder toolbox for ArcMap 10.x containing the model and script tools
used in the analysis, and a custom web application with a geoprocessing service
embedded in it.

During the project progression, the project plan was reviewed and modified. One
important alteration to the plan was the final priority maps were not produced from the
analysis due to the lack of domain knowledge. Instead, the analysis was implemented as a
set of tools that allows the client to create his own maps. The second change was that the
toolbox was expanded to include the data preparation steps as well as the final overlay
analysis steps for the prioritization analysis. This will benefit the client in that data
scrubbing was a tedious process and automating the data preparation process will reduce
the errors.

3.5 Summary

In conclusion, to help the USFWS compare wetland priorities in California, a set of
geoprocessing tools was created which automated the wetland prioritization analysis in
ArcGIS Pro, a geoprocessing service was then created and embedded in a web
application, allowing users to prioritize wetlands according to their own priorities. A help
document was also created for the USFWS, accompanying these deliverables. The
project plan did change as the MIP progressed, but all the necessary requirements (listed
in the Requirements Analysis section) were completed. The next chapter will discuss
more about the data that was collected and the final database design for the project. The
chapters after that will then discuss in greater detail the ‘GIS details’ of this project.
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Chapter 4 — Database Design

This chapter will review the conceptual and logical data models for this project. It will
then discuss the data sources and data collection methods of the project. Traditionally,
data scrubbing and loading would also be included in this chapter, but since the data
preparation—and automating it—was such a large and important part of this project, the
data preparation will be more fully discussed in chapter 5, and only briefly touched upon
in this chapter (in the logical data model section).

4.1 Conceptual Data Model

The conceptual model of a client’s problem domain summarizes the entities of interest
and their relationships (Douglas Flewelling, personal communication). Figure 4-1
displays the conceptual model for this project, with its associated entities of interest and
their relationships.

Wetland Priorities

Various Priorities and Perspectives Wetlands

Threatened

in California Species

Endangered

Figure 4-1 — Conceptual Data Model

The main entities of interest for my client were wetlands, as well as any additional
any entities whose spatial distribution and attributes could be used to help prioritize
wetlands from the perspective of the USFWS. The final entities incorporated into the
analysis were those which passed the following four checkpoints:

1) were identified by the client,

2) related to published priorities of the USFWS (US Fish and Wildlife Service, 2013)

3) were easily represented by available data and

4) were able to be integrated into the analysis before the passing of the data
collection deadline.
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Entities that were ultimately integrated into the analysis (in addition to wetlands),
were endangered species, threatened species, and migratory birds.

With the creation of the web application described in this project, the spatial
distribution of habitat for those entities of interest can now be integrated with the
different opinions of various stakeholders (acquired through collaboration). Altogether,
the integration of all this information allows one to determine wetland priorities in
California.

4.2  Logical Data Model

The logical model for this project’s database can be summarized in terms of input
“wetland prioritization factors” and output data. All the output data was stored in a single
geodatabase, except for the raster dataset which was simply stored as a raster file. The
diagram below summarizes the logical data model of the project (Figure 4-2).

Input Data Output Data
Input Prioritization Factors in = Modified Input Prioritization Factors (Ultimately
. . > L
the Analysis: Unionid into One Layer):
- Critical Habitat Polygons - Endangered Species Critical Habitat
- Critical Habitat Lines - Threatened Species Critical Habitat
- Important Bird Areas - Critical River Habitat
- California Census boundary - Globally Important Bird Areas
- Important Bird Areas for the State (CA)
Original Wetland Vector Data: =1 » | Final Wetland Areas (Cookie Cutter ‘Clip Factor’):
- CA Wetlands + - Important Wetlands Areas Outline
Final Important Wetlands Data Layer (Used
in Analysis):
- Important Wetlands in CA N
Attributes: IBA_G weight, IBA_Sweight,
ES weight, TS weight, River weight, ES .
name list, TS name list, River habitat Used in
species list >_ \A'Ieb‘
Application
Original Wetland Raster Data: . | Original Wetland Raster Data:
- CA Wetlands Raster - CA Wetlands Raster - Symbolized by Wetland -
Type

Figure 4-2: Logical Data Model

Input data layers used in this project consisted of wetland data for California (in both
vector and raster form) and wetland “prioritization factors,” including critical habitat
polygons and lines for wetland-dependent endangered and threatened species, and
important bird areas. The California boundary from the U.S. Census Bureau was another
input dataset, used to clip wetland prioritization layers to California.

Since the final analysis would consist of giving weights to the different prioritization
factors, each prioritization factor layer was made into a separate, distinct layer. Thus, the
critical habitat polygons were divided into two layers: one layer for endangered species
habitat and the other for threatened species habitat. Similarly, important bird areas were
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split into two layers depending on their status as “Global” or “State” Important Bird
Areas. The critical habitat lines displayed important river systems for two species of fish,
Chinook Salmon and Steelhead Trout, and were kept as one layer. All these prioritization
factor layers were then put into one combined prioritization layer.

The wetlands data was also modified to allow a fast upload to the web application.
The detailed process will be described in Chapter 5. That simplified wetlands layer was
then used to clip the combined prioritization layer. The clipped output of this step was the
final feature layer which was used in the wetland prioritization analysis.

That final analysis data layer, as well as the raster version of the original wetland
data, was then integrated into the web application where users would be able to choose
their own weights of importance for the various factors in the analysis and produce their
own copy of the final analysis layer, symbolized by their custom priorities.

4.3 Data Sources

The data sources of various data layers are described in Table 4-1. Wetland data were
provided by the National Wetlands Inventory (NWI), which is part of the U.S. Fish and
Wildlife Service (USFWS). Critical Habitat lines and polygons for wetland-dependent
species were also provided by the NWI. This data originally came from ecos.fws.gov, but
the NW1 went through the data and selected out only the critical habitat datasets for
species that depended on wetland or deep-water habitat for at least one part of their life
cycle.

Table 4-1. Data Sources for the Project

Data Type Attributes Included in Format Data Source
(Name) Final Analysis
Wetlands - Only location data saved Vector National

for the analysis (Polygon) and Wetlands

- Wetland type displayed on | Raster Inventory (NWI)

the web application
Critical Habitat - Endangered or Threatened | Vector (Polygon | NWI

(Lines and Status and Line)
Polygons) - Species names

(species count calculated)
Important Bird - Type (Global or State) Vector National
Areas (Polygon) Audubon

Society

CA State Location Only (for clipping | Vector (Polygon | United States
Boundary the analysis extent) Census Bureau

Important Bird Area data was difficult to find. Originally, migratory bird flyways
and stopover locations were searched for, but the search for this data resulted in no good
datasets. Finally, data on important bird areas in California were obtained from the
National Audubon Society after a data agreement form was signed.
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The last data layer used in the analysis was the CA State Boundary for 2010 from the
United States Census Bureau. This data layer was used to clip extraneous features from
the critical habitat data.

4.4 Summary

In conclusion, this project brought together data on the distribution of wetlands,
endangered species habitat, threatened species habitat, and important bird habitat in such
a way that it could then be integrated with the different opinions of various stakeholders.
The input data was manipulated such that each factor of importance was represented in a
separate layer, and those layers were then all combined with the “Union” tool in ArcGIS
Pro such that an output data layer was created where all unique areas of overlap were
identified, so that a custom priority index score could then be calculated based on user-
defined weights. The output data layer was also clipped to a simplified version of the
original polygon wetland data. That final output layer and a raster layer showing the
original wetland data (symbolized by wetland type), were the outputs used in the final
web application. Data to be integrated into the analysis were decided upon through
collaboration between myself and Cade London from the USFWS, and through
referencing the published priorities of the USFWS (US Fish and Wildlife Service, 2013).
Data sources include the USFWS and the National Audubon Society.
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Chapter 5 — Implementation

This project created a ModelBuilder Toolbox in ArcGIS Pro with models and scripts
automating both the final wetland prioritization analysis as well as the data preparation
necessary for the analysis, so that the U.S. Fish and Wildlife Service (USFWS) could
repeat the analysis for different areas and with updated data. Automating the process also
reduced errors that could happen during the GIS analysis process, such as performing the
analysis in an unsuitable projection.

This chapter starts by giving some brief explanation about the organization and use
of the Wetland Prioritization toolbox. It then gives an overview of the data preparation
necessary for each factor in the analysis as well as an overview of the subsequent models
that were created to automate that data preparation. It then discusses the toolset created
for the wetland prioritization analysis, the transferring of the last step of that toolbox into
a geoprocessing service, and the final web application created to host the geoprocessing
service.

5.1 Introduction to Wetland Prioritization Toolbox

All the models for the analysis were saved in one ArcGIS Pro Toolbox called
“Wetland_Prioritization Toolbox”. The Wetland Prioritization toolbox consists of four
toolsets (Figure 5-1).
4 i?h Wetland Prioritization Toolbox.tbx
4 £ Critical Habitat (Lines) (Riverine) Data Prep
=" BackgroundProcess_CritHabRiverineCount
CritHabLines_Step1
@ CritHabLines_Step2
A CritHablines_Step3
@ CritHabLines_Step4_CleanUp
4 & Critical Habitat (Po ygons) Data Prep
£ Critical Habitat Prep Background Processes
a CritHabPolys_Step1
@ CritHabPolys_Step2
@ CritHabPolys_Step3
@ CritHabPolys_Step4
CritHabPolys_Step5_CleanUp
4 &5 Important Bird Areas Data Prep Edited
4 Important Bird Areas Step
@ |mportantBirdAreas Step2 (CleanUp)
4 Qo Wetland Prioritization Analysis

= BackgroundProcess_PrioritizationAnalysis_Step4_CalculatePriority

=" BackgroundProcess_PrioritizationAnalysis_WebTool_CalculatePriority
Prioritization Analysis Step 1

@ Prioritization Analysis Step 2 (Optional Step but Recommended)

@ Prioritization Analysis Step 3

@ Prioritization Analysis Step 4

Figure 5-1: Toolsets, Models, and Script Tools within Wetland Prioritization
Toolbox
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The first three toolsets, Critical Habitat (Lines) (Riverine) Data Prep, Critical Habitat
(Polygons) Data Prep, and Important Bird Areas Data Prep, prepare the datasets from the
USFWS and the National Audubon Society for use in the analysis. The fourth toolset,
Wetland Prioritization Analysis, completes the wetland prioritization analysis. The
following sections will explain each model and script included in these four toolsets.

5.2 Important Bird Areas Data Preparation and Automation

The Important Bird Area data was provided by the National Audubon Society. The
original attribute table for the data included a column named “PRIORITY” where
features were labeled for what type of priority they were. In California (at the time of
data download), there were only two priority levels present, Global and State. All other
attributes were removed for this pilot analysis.

Table 5-1 shows the complete workflow of the “Important Bird Areas Data Prep”
toolset, which includes two important steps, each implemented by an independent model.

Table 5-1. Data Preparation Steps for Important Bird Areas Dataset

Operation Performed Reasoning / Explanation

Project Projected the data into the same
projection used by all the other
data in the analysis, NAD 1983
Albers Equal Area

Make Feature Layer Preparation for selection in next
step

Iterate Feature Selection | Separate IBAs into two layers
(Group by PRIORITY based on priority (Global/State)

Important Bird Areas Step 1

field)

Dissolve Remove any remaining
overlapping polygon areas

Add Field Add “IBA %Value% Weight”
field (%Value% replaced with
the iterator value Global or State)

Calculate Fields Field value = 1 (because the area

is present). Value used in final
prioritization analysis

Iterate Feature Classes Select intermediate outputs
created in the user’s workspace
geodatbase.

Delete Delete intermediate output
created by “Project” tool

Important Bird
Areas Step 2
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The first step, “Important Bird Areas Step 17, created two feature classes from the
original one feature class: one f containing globally important bird areas, and the other
containing important bird areas for the state. A new column was also added to the two
feature classes, called IBA_Global_Weight or IBA_State_Weight. This column, used as
the weight in the wetland prioritization overlay analysis, was given the value 1
representing that the area was covered by a global or state “Important Bird Area.” Step 2,
“Important Bird Areas Step 2 (CleanUp),” deleted an intermediate file that was created in
the first step.

5.3 Critical Habitat Data Preparation and Automation

The “Critical Habitat Polys” data layer from the National Wetlands Inventory (NWI)
was originally provided by ecos.fws.gov, but was refined by the NW!I to only show the
critical habitat regions for endangered and threatened species that depend on wetlands or
deep-water habitats for at least one part of their life cycle. Table 5-2 shows the complete
workflow of the “Critical Habitat (Polygons) Data Prep” toolset. Five main models were
created to complete the following five main steps. The model for Step 3 was customized
using Python script tools.

Table 5-2. Data Preparation Steps for Critical Habitat Polygons Dataset

Operation Performed | Reasoning / Explanation

= Clip Clips the Critical Habitat Polygon data to the

h boundary of California

2 Iterate Feature Select Endangered/Threatened species. The

£ — Selection following steps are performed for each iteration

g (Endangered and Threatened)

,I: Copy Features Create separate feature classes for endangered

) species and for threatened species.
Make Feature Layer Convert threatened and endangered feature classes

to feature layers in preparation for following steps

Dissolve Dissolve threatened and endangered features based

on common name (“comname”). Creates two

intermediate outputs, one for endangered and one
for threatened species.
Iterate Feature Iterate feature selection based on Object ID (OID)
Selection in the newly created dissolve feature class.

Multipart to Singlepart | Iterate through and create single-part feature
classes for each common name OID in each

intermediate data layer.
(Dissolve on OID used in conjunction with Iterate Feature Selection
to avoid trouble selecting features with apostrophes in the name)

CritHabPolys Step 2

Add Fields “i_Endangered Weight” or
“i_Threatened Weight” added to newly created
feature classes
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Operation Performed

Reasoning / Explanation

Calculate Field

Set the “i_Endangered Weight” /
““i_Threatened Weight” fields equal to 1.0

Union

Find regions of overlap between different critical
habitat regions for the different endangered or
threatened species. Creates two feature classes.
One exhibiting all areas of overlap for threatened
species, and one exhibiting all areas of overlap for
endangered species.

Add Fields

Fields added: (CHp_EndgSp_Count,
CHp_EndgSp_List, ES_CountStandardized) or

o
& (CHp_ThrSp_Count, CHp_ThrSpeL.ist,
& TS_CountStandardized)
2 Calculate Species List | Calculate list of species dependent on each unique
g (Custom Script Tool) area of overlap. Output stored in field:
% CHp_EndgSp_List/ CHp_ThrSp_List
£ Calculate Calculate number of species dependent on each
O Endangered/Threatened | unique area of overlap. Output stored in field:
Species Count (Custom | CHp_EndgSp_Count/ CHp_ThrSp_Count
Script Tool)
Standardize Weighting | Standardize Endangered/Threatened Species count
Scores into a score ranging from 0-1, with 1 representing
the maximum number of species in the dataset that
are dependent on a single area. Output stored in
ES/TS Count_Standardized field.
9 , < | Feature Class to Delete unnecessary fields previously created by
L T? 2| Feature Class the Union step, by using the Field Map parameter
526 in Feature Class to Feature Class.
@ Iterate Feature Classes | Select intermediate outputs created in the user’s
© workspace geodatabase.
52
_I‘—_‘S % Delete Delete all intermediate outputs created by data
= preparation
O

The first main step after clipping the data to the boundary of California was to split

up the different regions represented in the critical habitat feature class into separate
feature classes according to their listing status (threatened or endangered), so that regions
of different status could be weighted differently by the end-user. However, the critical
habitat layer also had the added complexity that many different habitat ranges overlapped
—not just threatened species habitat overlapping endangered species habitat, but one
endangered species’ habitat overlapping another. Because an area important to three
endangered species could be argued to be much more important than an area important to
only one endangered species, it was desirable to find a way to incorporate this extra level

20




of information into the analysis. Figure 5-2 gives an example of this, with three
overlapping circle representing species ranges. It is helpful to be able to see the areas
where species ranges overlap, so as to determine areas that are most important to the most
number of species.

A J

Figure 5-2: Incorporating Overlapping Critical Habitat Areas for Individual
Species

To incorporate areas of overlap of different species ranges into the final dataset, Step
2 temporarily separated the feature classes for endangered / threatened species into
individual layers for each unique species based on the species common name, and Step 3
merged those individual layers back together with the Union tool to create an output layer
where each unique area of overlap of critical habitat for different species was in its own
feature in the feature class. Figure 5-3 provides a conceptual diagram of this process.

Habitat for Endangered Species 1

Habitat for Endangered Species 2
Endangered Species Critical Habitat

@

Endangered Species Critical Habitat

Habitat for Endangered Species n
Critical Habitat Areas

. " ) Habitat for Threatened Species 2
Threatened Species Critical Habitat

Number of Feature Classes:
1 2 Many feature classes 2

Figure 5-3: Concept Diagram for Steps 1-3

Endangered Species Critical Habitat

CY

/ Habitat for Threatened Species 1 \

Habitat for Threatened Species n

It should be noted that as part of Step 2, each species feature class was also given a
new column in the attribute table (“i_Endangered Weight” or ““i Threatened Weight”)
depending on whether the species was threatened or endangered, and the field was
calculated as 1. This then prepared the way to calculate the number of species that
depended on any given area of overlap in Step 3, using a custom Python script that added
all values in any column whose name began with “i Endangered Weight” or
“i_Threatened Weight”. A similar function was performed with another custom Python
script that concatenated all species names together, to create one concise list of species
dependent on any given area. Table 5-3 shows a simplified example of what the
important columns in the attribute table of the derivative feature class for threatened
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species would look like, if there were only two threatened species, and if their ranges

partially overlapped.

Table 5-3. Example Attribute Table After Union for Two Unique Species Ranges

OID | i_Threatened Weight | comname | i Threatened Weight 1 | comname 1 ThrSp_Count | Thr Sp List

1 1 Delta Smelt| 0 Null 1 Delta Smelt

2 0 Null 1 Yosemite Toad | 1 Yosemite Toad

3 1 Delta 1 Yosemite Toad | 2 Delta Smelt,
Smelt Yosemite Toad

In Step 4, unnecessary columns created from the Union tool were deleted, and a
custom index score was calculated for each feature, ranging from 0 to 1, to quantify the
number of endangered species in each area in a standardized way. For this index score,
the number of species dependent on the area was divided by the maximum number of
species in any given area in the dataset, such that the critical habitat area with the highest
number of species dependent on it was calculated as 1 and everything else had a

correspondingly lower score between 0 and 1. The rest of the values were given a

corresponding number between 0 and 1 based on number of endangered species. Figure
5-4 shows an example of how species count was converted to a standardized score for

each feature in the feature class.

Habitat for
Endangered Species

Species Count
1 species

S species

-

~

4

j Habitat for
Endangered Species

Standardized Score
0.20

1.0

-

S

4

Figure 5-4: Critical Habitat Symbolized by Species Count and Standardized Score

5.4 Critical Habitat Lines Data Preparation and Automation

In addition to the critical habitat polygons provided by the NWI, critical habitat lines
were also provided. This data layer consists of lines representing critical river habitats for
two species: chinook salmon and steelhead trout. Four models were developed in the
“Critical Habitat (Polygons) Data Prep” toolset to implement the complete workflow as

shown in Table 5-4.
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Table 5-4. Data Preparation Steps for Critical Habitat Lines (Rivers)

Operation Performed Reasoning / Explanation
Clip Clip river habitat file to CA boundaries
Pairwise Buffer Create a buffer of 500 meters (or whatever

» distance the user specifies) around river lines

o | Dissolve Dissolve features based on common name

% (“comname”). Creates intermediate output.

$' Add Fields “CritHabRiverine Weight” field created in the

= intermediate dissolve output.

-:llé Calculate Fields “CritHabRiverine Weight” field calculated to

L equal 1

5 Iterate Feature Selection Select feature iteratively by OID in the
intermediate dissolve output.

Multipart to Singlepart (x2) | Create singlepart feature classes for each OID in
the intermediate dissolve output

Union Find regions of overlap between different critical
habitat regions for the different species. Creates
intermediate output.

o~ | Add Fields (x2) Add fields to intermediate data layer that was

& created via Union (“CHL_RivSp_Count” and

ﬁl “Riv_CountStandardized”)

£ [Calculate Critical Habitat Calculate number of species dependent on each

= | Riverine Species Count unique area of overlap in the intermediate union

-c|_-U output. Output stored in “CHL_RivSp Count”

= field.

O | Calculate Species List Calculate list of species dependent on each
unique area of overlap in the intermediate union
output. Output stored in
“Riv CountStandardized” field.

o | Standardize Weighting Standardize CHL_RivSp_Count into a score

§ Score ranging from 0-1, with 1 representing the

9, maximum number of species in the dataset that

§ are dependent on a single area (2 species).

3 Output stored in “Riv_CountStandardized” field.

-8 | Feature Class to Feature Delete of unnecessary fields previously created

L | Class by the Union step, by using the Field Map

5 parameter in Feature Class to Feature Class.
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Operation Performed Reasoning / Explanation
< | Iterate Feature Classes Select intermediate outputs created in the user’s
s workspace geodatabase.
7
8l
=
= | Delete Delete intermediate output created by data
£ preparation
=
| -
O

The first step in the data preparation for this layer was to create a 500 meter buffer
area around each river. Then the same approach used for the critical habitat polygons was
used for the critical habitat lines, to find areas of overlap and compute how many species
(1 or 2) were dependent on a given river area. The final index score for the river habitat
layer was again standardized, so a value of 1 would mean both species depended on that
river, while a value of 0.5 would mean only one species was dependent on that river area.
Figure 5-5 displays two maps that shows the critical river habitat areas symbolized by
species count and then by the standardized score.
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Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance
Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo, © OpenStreetMap contributors, and the GIS User Community, US FWS

Figure 5-5: Count and Standardized Score Comparison for Critical River Habitat

5.5 Wetland Data Preparation

The wetland polygon feature layer from the USFWS was the basis for this analysis, but
the original dataset includes 896,544 features and is about one gigabyte in size. It is also
very detailed with over 153,000,000 vertices. The large size of the wetland data
dramatically extended the processing time for both data analysis and data loading in the
web application. Because of these obstacles, it was necessary to decrease the size and
detail of the wetland data without losing any critical information. A model, Prioritization
Analysis Step 2, was created into the Wetland Prioritization Analysis toolset as an
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optional (but recommended) step before going forward with the final prioritization
analysis (See again Figure 5-1).

Table 5-5 summarizes the main steps involved in this tool. To reduce the data size, it
was decided that all wetlands within 500 meters of at least one prioritization factor would
be kept, while the rest would be excluded from the analysis, since those wetlands do not
meet any prioritization criteria. This was done in the first part of Prioritization Analysis
Step 2.

Table 5-5. Wetland Data Preparation (Prioritization Analysis Step 2)

Operation Performed Reasoning / Explanation

Make Feature Layer Preparation for creating a selection in the next step

Select Layer By Location Select all wetlands within 500 meters of other
important factors

Aggregate Polygons Create a generalized outline around the wetland

areas. Parameters: 500 meters, 100 meters squared
(m?), 100 m?

Clip (Optional Step for Small | Clip the aggregate polygons output to a study area to
Servers, not included in be used in a geoprocessing service and web
toolset model) application on a server with limited abilities

Figure 5-6 shows an example map of this, where pink represents wetlands that were
eliminated because they fell outside of the 500-meter buffer area of all prioritization
factors. Green represents wetlands that were kept because they were within 500-meters of
the buffer area around river habitats (shown in purple). To enhance visualization of data
in the web application, users would still be able to see a raster tile layer of all wetlands in
the final web application.
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Figure 5-6: Only wetlands within 500 meters of prioritization criteria were kept

However, the wetlands data was still too large for web map display after deleting less
relevant wetland features. This was mainly caused by the very detailed shapes of wetland
polygons. To further decrease the number of vertices in the data, the “Aggregate
Polygons” tool in ArcGIS Pro was used to create a more generalized outline of the
wetland features. Figure 5-7 displays an example of the original wetland areas overlaid
on top of the broader aggregated wetland areas that were created.

- T TR ¢ ¢
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o

"l Wetlands before Aggregation> |
2 [ Wetlands after Aggregation

Figure 5-7: Original Wetland Area Compared Agalnst Simplified Outline
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Due to the limited power of the hosting server in this pilot project, the distance and
area parameters for this tool were set at 500 meters for the aggregation distance, 100
meters squared (m2) for the minimum area, and 100 m2 for the minimum hole size. With
these settings, the wetland layer can be properly displayed on the web application for
demonstration purpose. However, the option to change the parameter values was
integrated into the final Wetland Prioritization Analysis toolset, so those parameter values
should be re-evaluated. For the tool parameters, the “aggregation distance” is the
threshold distance used to define polygons that are to be aggregated together into one
generalized shape. Features greater than the specified distance apart are not aggregated
together. The “minimum area” parameter represents the minimum area kept in the final
output. If a feature or aggregation of features is below this minimum area threshold, those
features are excluded from the final output layer. The “minimum hole size” means that
any hole within a feature class or aggregated feature class that falls below the minimum
hole area will be filled-in for the final feature in the output layer.

While the “Aggregate Polygons” increased the total wetland area in the dataset, it led
to a 93% reduction in the count of vertices in the data file which enabled the output of the
final wetland prioritization analysis to display properly in a web map. The resulting
wetland area approximation was used to clip the other factors in the analysis, resulting in
the light green layer shown in Figure 5-8 that represent the “wetland” layer used in the
final prioritization analysis (discussed further in section 5.6).

N/

Layer used in Wetland Prioritization Analysis
=] Aggregated Wetland Areas tat ’,

: 4 /‘/"::,', A [ b,
\\.- ireau of (fend Mat ment, £ / A BA, NPS, NationalAudtbor w‘ .
Figure 5-8: Aggregated Wetlands compared to Final Wetland Output for
Prioritization Analysis

See Section 6.3.2 in Chapter 6 of this report for a further discussion on parameter
values the Aggregate Wetlands tool, and for a discussion on suggested aggregation
parameter values for future prioritization analyses.

As a side note, in addition to running the Aggregate Polygons tool, due to limited
server capabilities of the server available at the University of Redlands, the data used for
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the geoprocessing service that was created in this project was further clipped to a study
area near the San Francisco Bay called “San Pablo Bay Area” (Figure 5-9).

Study Area: San Pablo Bay Area

Figure 5-9: San Pablo Bay Area

Once the geoprocessing service and web application is adopted by the USFWS, this
step should not be necessary, given that the National Wetlands Inventory has access to a
more robust server system. Because of that, this last clip process was not automated like
the rest of the analysis.

5.6 Wetland Prioritization Analysis

After preparing all the data, the final feature classes were integrated into the wetland
prioritization analysis. The final layers integrated into the overlay analysis were:
Important Bird Areas for California, Globally Important Bird Areas, Critical Habitat for
Endangered Species, Critical Habitat for Threatened Species, Critical River Habitat Areas
and wetland areas in California. Besides the Wetland Data Prep model described in
Section 5.5, three additional models were created to complete the wetland prioritization
analysis (Table 5-6).
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Table 5-6. The Wetland Prioritization Analysis

Operation Performed

Reasoning / Explanation

Union

Step 1

Find unique areas of overlap between Globally
Important Bird Areas, Critical Habitat for
Endangered Species, Critical Habitat for
Threatened Species, Critical River Habitat Lines,
and California Wetlands Data

Also, re-project the data into the user-specified
output coordinate system if the data is not
already in that coordinate system

Add Fields

Final_Index_Score column added to attribute
table

Make Feature Layer

Preparation for creating a selection in the next
step

Select Layer by Location

Step 2

Selects all wetland features that are within 500
meters of any prioritization factors

Aggregate Polygons

Create a generalized outline around the wetland
areas. Parameters: 500 meters, 100 meters
squared (m?), 100 m?

Project Projects the wetland dataset into a user-defined
projection (should be the same projection that
. was specified as the output coordinate system for
o the prioritization factors in Step 1
&» | Clip Clip Unioned Important Factors to Aggregate

Polygons outline of Wetlands (created in
Wetland Data Prep)

Multipart to Single Part

Separate multipart feature into single-part
features

Calculate Priority Score
(Custom Script Tool)

Calculates priority index score based on user
defined weights and the individual weight fields
in the various input data.

g_ Script also calculates the interval number to use
3 when the ScoreCategories are calculated.
@ I'Add Fields Add fields for cartographic visualization,

PrioritylndexScore_Rounded and
ScoreCategories

Calculate Fields

Calculate PrioritylndexScore_Rounded and
ScoreCategories

In Step 1 of the Wetland Prioritization Analysis, all the prioritization factor layers
were combined using the Union tool in ArcGIS Pro (Figure 5-10).
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Figure 5-10: Prioritization Factors were combined into one dataset using “Union”

After that, a field was added that would eventually hold the final priority index score
calculated by the end users of the tool (Table 5-6).

Table 5-6. Fields in Attribute Table of Union-ed Feature Class from Step 1

Fields in Attribute Table
OBJECTID TS_CountStandardized | RivSp_CountStandardized
Shape TS_List RivSp_List
Endangered_Species_Count | TS_Count Final_Index_Score
ES_CountStandardized Important_Bird Shape_Length

_Area_Global_Wt

ES_List IBA_State_Wt Shape_Area
Threathened_Species_Count | RivSp_Count

Step 2 was an optional but recommended step for wetland data preparation as
discussed previously in Section 5.5.

In Step 3, the output from Step 1 was clipped to the modified wetland data layer
from Step 2 (or to the original wetlands data layer if that step was skipped). Multipart
features were then split into single-part features.

A custom Python script was developed in Step 4 to calculate the final priority index
score for wetland areas based on user-defined weights of importance for the various
factors in the analysis. The formula used to calculate the custom index score for wetland
areas was as follows:

{[ (UserWeight x ImportantBirdAreas_State) + (UserWeight x
ImportantBirdAreas_Global) + (UserWeight x EndangeredSpeciesScore) + (UserWeight
X ThreatenedSpeciesScore) + (UserWeight x RiverHabitatScore)] / [Sum of UserWeight
fields]} x 100

To better visualize the priority levels of wetlands and display the priority index
score, two new fields were then added. First, the priority index score is rounded from a
double precision floating point number to integer and saved in a field called
“PrioritylndexScore_Rounded.” Second, a field named “ScoreCategories” was created
into which priority index scores of all the wetlands in the feature class were sorted into 5
equal interval categories (Low, Medium-Low, Medium, Medium-High, High), for
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cartographic display purposes. This was done with the Calculate Fields tool with some
custom Python scripting inside the Code Block (Figure 5-12).

Calculate Fields (multiple): Calculate Fields

Parameters | Environments

* Input Table
ImportantWetlandsFinal -

Expression Type

Python 3 v
Fields
Field Name Expression

PrioritylndexScore_Rounded IFinal_Index_Score!

ScoreCategories CalcCatgories(!Final_Index_Score! , %Interval%)
Code Block

def CalcCatgories(input, interval):
if input <= float(interval) :

ScoreCategoriesAnswer = "Low"
elif input <= float(interval*2):
ScoreCategoriesAnswer= "Meium Low"

elif input <= float(interval*3):
ScoreCategoriesAnswer="Medium"
elif input <= float(interval*4):
ScoreCategoriesAnswer="Medium High"
else:
ScoreCategoriesAnswer = "High"
return ScoreCategoriesAnswer

Figure 5-12: Calculate Fields Dialog Box in Wetland Prioritization Analysis Step 4

5.7 Wetland Prioritization Geoprocessing Service

After the creation of the four toolsets above, the last step (Step 4) in the “Wetland
Prioritization Analysis” was converted into a geoprocessing service. Originally, the plan
had been to publish a Web tool from ArcGIS Pro instead of a geoprocessing service from
ArcMap, but due to complications with the server used by the University of Redlands, it
was decided to publish the tool from ArcMap as a geoprocessing service instead.

To convert Step 4 from the Wetland Prioritization Toolbox into a geoprocessing
service, the model was re-written as a custom script tool using arcpy, in order to avoid
various difficulties that arose in publishing the geoprocessing service. Table 5-8 displays
the various tasks that were included the final wetland prioritization script tool:
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Table 5-8. Wetland Prioritization Script Tool for Web

Operation Performed Reasoning / Explanation
Copy Features Copies the input feature class into a new feature
class for the final output
Calculate Priority Score Calculates priority index score based on user

defined weights and the individual weight fields

in the various input data.

{[ (UserW x IBA_S) + (UserW x IBA_G) + (UserW x
EngSpScore) + (UserW x ThrSpScore) + (UserW x
RiverHabScore)] / [Sum of UserW fields]} x 100

Add Fields Add fields for cartographic visualization,
PrioritylndexScore_Rounded and
ScoreCategories

Calculate Fields Calculate PrioritylndexScore_Rounded and
ScoreCategories

The script tool was then embedded inside a model in ArcMap (in a separate 10.5
version Toolbox) and run with the prepared wetland dataset that was clipped to a
boundary around the San Pablo Bay region, which is near San Francisco. After running
the model in ArcMap, the model and its associated data was published in ArcMap as a
geoprocessing service. A copy and explanation of the script used in the script tool is
provided in Appendix A, as well as a brief overview of a few of the parameter settings
that were used to publish the service. After the geoprocessing service was published, it
was integrated into a custom web application on the University of Redlands ArcGIS
Enterprise server using Esri’s Web AppBuilder. The final web application can be
accessed at <
https://urspatial.redlands.edu/maps/apps/webappviewer/index.html?id=e6¢cf1bdf638c4alc
b11054a79f3451b2>.

Figure 5-13 shows the interface design of the web application, which includes both

the map area on the right and input/output “Prioritize Wetlands” pane on the left.
=& a

Prioritize

Wetlands MAP

Pane

Figure 5-13: Opening Interface of Wetland Prioritization Web Application
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Users can explore wetlands types and visualize the analysis results in the map area.
The web application also allows users to enter custom weights for various factors and
output the final results in the different formats.

The creation of the web map was very standardized using Esri’s Web AppBuilder, so
the details of the creation of the web application will not be discussed for the most part.
However, it is of interest to note that in the web application, streets and place name labels
appear on top of the wetland layer that is generated (See Figure 5-14), even though the
wetland layer created by the geoprocessing service normally goes to the top layer of the
map automatically.

County of Solano, Esri, HERE, Garmin, INCREMENT P USGS, Bureau of Land Manage...
Figure 5-14: Roads and Labels Appear on Top of Prioritized Wetlands for
Reference

To modify the map so that the reference data layers appeared on top of the prioritized
wetland areas like this, Esri’s “Vector Basemap Style Editor” was used to edit Esri’s
“World Terrain with Labels” basemap to exclude certain features such as background fill
areas and various other distracting features. The edited layer was then added as a
“Reference Layer” to the basemap in the web map that acted as the map for this web
application, which meant that that vector layer would automatically display on top of
whatever other data had been added to the map by the wetland prioritization
geoprocessing service. The edited version of the vector basemap that acts as a reference
layer for this map can be accessed at
<https://univredlands.maps.arcgis.com/home/item.html?id=34795bfa087c406cbab2196b
8cec0le2>.

Use of the web application will be detailed in Chapter 6.
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5.8 Summary

In conclusion, the first deliverable of this project was a ModelBuilder Toolbox with
models and script tools (organized into toolsets), that enabled users to automate the
wetland prioritization analysis, from the data preparation stage all the way to the final
analysis. The second deliverable of this project was a custom web application with an
embedded geoprocessing service to enable users to re-do the wetland prioritization
analysis according to their own priorities. This next chapter will briefly discuss how this
project will be used by employees of the U.S. Fish and Wildlife Service (USFWS), and
the benefits provided to the client by this project.
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Chapter 6 — Results and Analysis

The final package of deliverables sent to the U.S. Fish and Wildlife Service included a
geodatabase of all the original data collected, an ArcGIS Pro Toolbox containing the
scripts for automating the prioritization analysis, a link to the final web application that
was created, and an information packet explaining how to use the deliverables of the
project and areas of the project in which further work should be done. This chapter will
discuss how this project will be used and implemented by employees of the USFWS, and
then will touch upon the main benefits of this project to the USFWS. It will then discuss
additional work that should be completed before this project is used for decision making
on a wide scale.

6.1 Client Implementation and Use

The two main deliverables of this project—an ArcGIS Pro Toolbox and a custom web
application—will be used by two different audiences. The Wetland Prioritization
Toolbox will be used by GIS employees in the USFWS who collaborate with the client
(Cade London) to perform analyses for him. The toolbox will provide the most complete
and robust form of the prioritization analysis. The web application created in this project
provides a simplified version of the wetland prioritization analysis and will be used by
the client and other decision makers to conduct wetland prioritization analyses online,
without the use of desktop GIS software. Although it is recommended that any final
decisions be based off of an ArcGIS Pro analysis (which will allow greater specificity in
the analysis) the web application provides an easy way for stakeholders and decision
makers to view and better understand wetland priorities, as well as to gather input from
other stakeholders on their priorities.

In addition to being used to conduct wetland prioritization analyses for California,
the ArcGIS Pro Wetland Prioritization Toolbox will also likely be used intermittently to
update the online geoprocessing service as new data arises, as well as to perform the
same prioritization analysis for states other than California. The toolbox may also be
copied and modified so as to incorporate new data sources into the analysis. When using
the toolbox, it is recommended that users create a new, empty geodatabase and call it
something like “Wetland Priorities 5June,” or some other name that can easily show
what the data are and which version it is (assuming the data are routinely updated). Users
may save data to a different location if they wish, but they should note that all data that
starts with “int " (signifying intermediate data), is deleted in the last step of each toolset.

The web application created in this project, as stated before, will be used by the
client and other decision makers to conduct the wetland prioritization analysis online. It
will start out as a hosted service from the University of Redlands ArcGIS Enterprise
server and will be used experimentally by Cade London and others of his associates to
prioritize wetlands in California. Users of the web application will be able to use it
without having any background knowledge of GIS.

Upon bringing up the web application in a browser and after closing a splash screen
providing information on use of the web app, users are brought to the interface shown in
Figure 6-1 where they can see a raster version of wetlands symbolized by type.
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F_igure 6-1: Opening Interface of \7Vetland Prioritization Web Application

There are eight different types of wetlands in the study area. The wetland types are
not taken into account in the prioritization analysis but are provided as reference material.
Figure 6-2 shows a close up of the legend for the original wetland layer and Figure 6-3
shows a close up of the map.

CA Wetlands
CA Wetland_Raster

Freshwater Emergent Wetland
Freshwater Pond

Riverine

Lake

Estuarine and Marine Wetland
Freshwater Forested/Shrub Wetland
Other

Estuarine and Marine Deepwater

Figure 6-2 Legend for Opening Interface of Web Application
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Figure 6-3: Map of Wetlands in the San Pablo Bay Area

To prioritize wetlands, users may enter their custom weights for the various factors
in the analysis (Figure 6-4), and a resulting layer is generated displaying wetlands as
prioritized by those custom weights (Figure 6-5).
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Figure 6-4: Prioritize Wetlands Pane with Custom' Weihts Entered
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Figure 6-5: Output of a Wetland Prioritization Analysis in the California Wetland

Prioritization Web Application

Figure 6-6 shows a close-up area of the output wetland priority map near Fairfield,

California.
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Figure 6-6: Close -up Map of Wetland Prioritized near Fairfield
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Users of the web application can then save images of the output map created by
clicking the Print button shown in in the bottom left corner of the web application’s map

(Figure 6-7). ‘
0

Print

(]

P
ami

Figure 6-7: Print Button in Web Application

Users may also save the GIS version of the data layer created by clicking the three
dots on the Output pane (Figure 6-8), and clicking Export to Feature Collection, which
will then let users download the data in a format that can then be exported into a feature
layer on ArcGIS Online.

Wetlands Prioritized

The result is drawn on the map.

-

A% Zoomto

."1' Pan to

[/—) Export to CSV file

[:-b Export to Feature Collection
[» Exportto GeoJSON

Z Statistics...

u Create Layer

B Save to My Content

View in Attribute Table

Figure 6-8: Saving the Output from the Web Application

In the future, GIS staff within the USFWS will re-publish the geoprocessing service
onto USFWS servers, which are more robust than the server used in this project. After
publishing the service, GIS professionals in the USFWS will re-create the web
application onto USFWS servers, where the web analysis can be completed for a wider
swath of California.
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6.2 Benefits of This Project

In automating the analysis process into one easy workflow, this project has immense
amounts of potential value not only to employees in the USFWS, but for environmental
and conservation managers and decision makers in general, as it enables scientists and
other decision makers to quickly repeat analyses with different criteria and compare the
results, without needing to deal with the background GIS work.

For example, Cade London can send the link to the web page to two different
collaborators, one a biologist at a college out-of-state, and one a local land manager, and
ask them to prioritize wetlands around the Travis Air Force Base (extent saved as a
bookmark in the Wetland Prioritization Web Application), and to send him a copy of the
resulting map (See Figure 6-9).

=

Figure 6-9: Wetland Prioritization in a Multi-Criteria Decision Analysis Framework

Alternatively, if one of the collaborators has access to ArcGIS Pro, they can use the
wetland prioritization toolset instead of the web application, which simply gives them
more options when generating a map of (and possibly a whole report on) their wetland
prioritization results. The three can then meet over a conference call, discuss priorities,
and find wetland areas of common interest where it would be most beneficial to focus
efforts. This is an example of how, with the analysis process simplified into one tool,
scientists and decision makers in the USFWS can now apply current and evolving
scientific knowledge in a multiple criteria decision analysis framework in real-time.

6.3 Discussion

While this project provided a useful pilot analysis framework for prioritizing wetlands in
California, the prioritization of wetlands, and of biological areas for conservation in
general, is a widely studied and debated topic. Because of this, it is advised that
additional work be performed, to ensure that the analysis tools created by this project
generate scientifically robust suggestions.
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6.3.1 Integration of More Input Data

First, it is advisable for more input data to be integrated into the analysis, since
limitations in time resulted in this pilot project only integrating a few data layers into the
analysis (critical habitat for wetland-dependent endangered and threatened species,
critical river habitat, and global and state important bird areas in California). Other
influential factors that were considered by the client and his collaborators for integration
into the future analysis include protected lands, USFWS lands, water quality data (if it
could be found at a proper scale), climate projection data for future water distribution in
California, suitability of the wetland for public access (wetland size and road access), and
data from Esri’s Green Infrastructure Initiative. It should also be noted that the USFWS
Migratory Bird Data Center
(https://migbirdapps.fws.gov/mbdc/databases/db_selection.html) has additional bird
datasets including a “Bird Point Count Database” and the “North American Breeding
Bird Survey” that were not used in this analysis, but that might prove beneficial to the
analysis, particularly if combined with the Important Bird Area dataset from the National
Audubon Society. In all, further research and discussions on what to integrate into the
prioritization analysis are suggested in order to gain a broader perspective on priorities
for both the USFWS, as well as other organizations and groups of people.

6.3.2 Further Research on Buffer Distance and Area Thresholds

A few empirical parameter settings were used in this project. For example, the river
habitats layer was represented by the 500-meter buffer area along the rivers; and to
eliminate the irrelevant wetlands, the wetlands dataset was clipped into the 500-meter
buffer of the combined factor layer. Table 6-1 displays the current values for various
buffer distances and areas that were used in the different steps of the analysis. While the
choice of the 500-meter buffer distance was largely based on habitat connectivity ranges
and buffer zones indicated in the literature review (see Section 2.3), the parameter
settings in the “Aggregate Polygon” tool were mainly determined by the technological
constraint in this project. It is recommended that further research on buffer distance and
area thresholds be conducted for all of the empirical parameter settings in this project.
The current empirical settings can be easily modified through changing the parameters in
the models “CritHabLines Step 1”” and “Prioritization Analysis Step 2” in the toolbox
provided by the project, and the geoprocessing service can then be republished with the
updated data.
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Table 6-1. Distance Areas and Thresholds in the Analysis

Distance or Area Threshold Value Used in
Analysis
Buffer distance around Critical River 500 meters

Habitat Lines (CritHabLines Stepl)
Minimum distance from at least one other | 500 meters
factor in the analysis used when defining
which wetlands are integrated into the
analysis (“Search Distance” in
Prioritization Analysis Step 2)
Aggregate Polygons “Aggregation 500 meters
Distance” (Prioritization Analysis Step 2)
Aggregate Polygons “Minimum Area” 100 m?
(Prioritization Analysis Step 2)
Aggregate Polygons “Minimum Hole 100 m?
Size” (Prioritization Analysis Step 2)

The Aggregate Polygons thresholds that were used in this project merit particular
attention. As was mentioned earlier in this report, the second step in the wetland
prioritization analysis (“Prioritization Analysis Step 2”’) allowed users to select wetlands
within 500 meters of any other prioritization factors, and then perform the Aggregate
Polygons tool on that data, to create a more simplified version of the wetland data layer.
This tool created an output that essentially filled in small holes between wetlands and
created a more generalized shape delimiting the wetland area (See Figure 6-10).

4
g

"l Wetlands before Aggregatioh |
2 [ Wetlands after Aggregation

r Col onal Wetlal

Figure 6-10: Example of Aggregated and Non-Aggregated Wetlands
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An analysis was conducted to compare eight threshold distances for the Aggregate
Polygons tool, since it was desirable to find an appropriate threshold distance that made
the data more manageable but that did not add too much area into the wetlands data. For a
quick comparison, this analysis was conducted on the wetland data in a small region
within the San Pablo Bay Area, called the “South of Fairfield” study area, which contains
only about 12,000 features. Figure 6-11 shows the South of Fairfield study area.
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Figure 6-11: South of Fairfield Study Area

Figure 6-12 shows the original feature count (i.e. “Number of Polygons”), the total
area in unit, and the total vertex count for the original wetlands layer as clipped to the
“South of Fairfield” study area.

Original Wetland Data in Study Area
INumber of Polygons 12,958
Total Area 940,630,230.73
[Number of Vertices 2.691.49

Figure 6-12: Statistics for Original Wetland Data in the Study Area
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Figure 6-13 shows a comparison of the number of features (i.e. polygons), the total
area (units), and the total vertex count of the simplified wetland areas created with the
Aggregate Polygon tool, using different aggregation distances. In addition, none of the
Aggregate Polygon iterations detailed in Figure 6-13 were given parameter values for
minimum area and minimum hole size, which meant that the default was zero, so that no
area would be left out of the final wetland layer.

500 m Aggregation Distance 200m Aggregation Distance
INumber of Polygons 16 INumber of Polygons 113
[Percent Change -99.88 [Percent Change -09.13|
Total Area 1,322.855,566.32 Total Area 1.053.922.592.56
[Percent Change 40.64 [Percent Change 12.04]
[Number of Vertices 103,046 [Number of Vertices 338,894
[Percent Change -96.17 [Percent Change -87.41
400 m Aggregation Distance 150m Aggregation Distance
INumber of Polygons 27 INumber of Polygons 172
[Percent Change -99.79 [Percent Change -98.67,
Total Area 1,246,636,010.50 Total Area 1.010,284.447.57,
[Percent Change 32.53 [Percent Change 7.41
Number of Vertices 144.736 Number of Vertices 416,030
[Percent Change -94.62 [Percent Change -84.54
350 m Aggregation Distance 100 m Aggregation Distance
[INumber of Polygons 38 INumber of Polygons 334
[Percent Change -99.71 [Percent Change -97.42)
Total Area 1.202,387,527.82 Total Area 979.951.711.12
[Percent Change 27.83 [Percent Change 4.18
(Number of Vertices 175.999 Number of Vertices 490.852]
[Percent Change -93.46 [Percent Change -81.76]
300 m Aggregation Distance 50 m Aggregation Distance
[Number of Polygons 54 INumber of Polygons 543
[Percent Change -99.58 [Percent Change -95.81
Total Area 1,156,256,971.20 Total Area 958.417.393.63
[Percent Change 22.92 [Percent Change 1.89
(Number of Vertices 213.860 [Number of Vertices 566,189,
[Percent Change -92.05 [Percent Change -78.96]

Figure 6-13: Comparison of the Effects of Aggregation Distance Thresholds

As can be seen in the tables in Figure 6-13, even a 50 meter aggregation distance
results in a substantial decrease in the total number of features, which helps in data
processing and in viewing the layer on the web. The number of vertices—another factor
that prevented the original wetland data from being usable on the web—also decreases
significantly with the aggregation tool. Higher aggregation distances however also mean
a greater increase in area—or in other words a decrease in accuracy on what is
technically a wetland, according to the dataset. Some increase in area is not necessarily a
problem, since habitat connectivity is an important principle in wetland conservation, but
it is important to choose an appropriate aggregation distance, which is why this analysis
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on the effect of wetland aggregation distances was performed. The graph in Figure 6-14
illustratess the relationship between increase in area and decrease in vertex count with
changing aggregation distances. It appears that ratio between gaining simplification
benefit and loosing data accuracy decreases with the aggregation distance. This suggests
that a small aggregation distance is preferred when technology allows.

® % Increase in Area m % Decrease in Vertex Count
40.64
32.53
I 27.83 05
o 7.41 Jas
‘ ‘ | | | -78.96
‘ 94.62 93.46 -92.05 -87.41 -84.54 -81.76
-96.17 -94. -93, _

500 M 400 M 350 M 300 M 200 M 150 M 100 M 50 M

Figure 6-14: Comparison of the Increase in Wetland Area and Decrease in Vertex
Count with Aggregation Distance

The maps in Figures 6-15, on the other hand, offer visual comparisons of the effects
of different aggregation distances on a wetland area just south of Travis Air Force Base
in the study area. It is quite obvious that a smaller distance parameter, such as 50 or 100
meters, largely honor the original wetlands delineation.
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To conclude this discussion on aggregation distances, when the wetland
prioritization process is redone and published as a geoprocessing service on the USFWS
server, it is suggested that the minimum area and minimum hole size be kept at the
default of 0, and that the aggregation distance be preferably less than more, depending on
the capabilities of the server. When performing the prioritization analysis in ArcGIS Pro,
a smaller aggregation distance is suggested (such as 150 meters), although the exact
aggregation distance should be decided upon between the decision makers performing the
analysis.

6.3.3 Integration of Fragmentation and Connectivity Models

A third suggestion to improve the scientific robustness and validity of this prioritization
analysis, as noted by a collaborator of the client, Serene Ong, is to take a deeper look at
how patch size, “habitat fragmentation, population fragmentation, ecosystem function
and connectivity” could be integrated into the analysis. This is an important suggestion
for the analysis because according to Ong there are already specific software packages
out there that allow a deeper study of these factors, and integrating these software
packages into the analysis would be a useful way to integrate some of the more complex
(but important) scientific principles that are traditionally harder to integrate into a
prioritization analysis like this.

According to Ong, there are specific software packages out there that allow a deeper
study of these factors (Serene Ong, personal communication, 2018). It would be useful to
look into the possibility of integrating some of these software packages into future
prioritization analyses.

6.4 Summary

In conclusion, this project created a Wetland Prioritization Toolbox for the USFWS to
enable their GIS employees to quickly perform and re-do wetland prioritization analyses
for Cade London, who is in charge of designating wetlands in the United States that are
of international importance. This project then created a web application to be used by
Cade and other decision makers whom he collaborates with, to gather different
perspectives on wetland priorities. The products created by the project will enable Cade
London and his associate employees in the USFWS to quickly repeat wetland
prioritization analyses with different criteria and compare the results. In automating the
analysis process into one easy workflow, this project has immense amounts of potential
value not only to employees in the USFWS, but for environmental and conservation
managers and decision makers in general, as it enables scientists and other decision
makers to approach prioritization analyses in a multiple-criteria decision analysis
framework, without needing to deal with the background GIS work. With that said, there
are a few recommended actions that should be taken before large scale application of the
deliverables produced by this project, including integrating additional datasets into the
analysis, conducting further research on distance and area thresholds to use in the
analysis and changing the parameter values for the aggregate polygons tool in particular,
and performing further research into how to integrate habitat ecosystem connectivity
models into this analysis.
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Chapter 7 — Conclusions and Future Work

This chapter gives a brief overview of what this project accomplished and ends with
suggestions for future projects.

7.1 Project Summary

This project addressed a need to automate wetland prioritization analyses into a
condensed GIS workflow, as well as to condense it into an interface where decision
makers and stakeholders could re-do wetland prioritization analyses with their own
weights of importance without needing to understand GIS, and to share the results.

To address these needs, an ArcGIS Pro Toolbox automating a wetland prioritization
analysis (and automating the accompanying data preparation steps) was created. In
addition, a custom geoprocessing service was created and published, and integrated into a
web map, where users who were unfamiliar with or did not have access to GIS could re-
do the wetland prioritization analysis with their own weights of importance inside of a
web browser. All the client’s functional and non-functional requirements, as listed in the
beginning of this document, were satisfied by this project.

In simplifying the wetland prioritization analysis process into a custom ArcGIS Pro
Toolbox and web application, this project has immense value not only to employees in
the USFWS, but also for environmental and conservation managers and decision makers
in general. With the prioritization analysis process simplified into one easy workflow,
scientists and decision makers in the USFWS can now repeat prioritization analyses with
minimal cost and effort, enabling them to quickly gather information on the wetland
priorities of other stakeholders, without those stakeholders needing to understand
anything about GIS.

7.2 Future Work

There is ample room for future projects to expand on this project. One such future project
could be to research how to best integrate the concepts of habitat and ecosystem
connectivity into the analysis, and in particular, how to translate over scientific models on
connectivity that have already been created, into this analysis. To do so, a person would
need to study and become familiar with connectivity models being used in current
scientific literature, and then figure out how to integrate those models into the
geoprocessing tool. It is possible that some of the models are written in R, in which case
the student would also have to learn how to integrate those models into a python
framework, which is the language used by geoprocessing services (ArcMap) and web
tools (ArcGIS Pro) in Esri software (which is what was used for this project). Another
suggestion for future work would be to complete a more extensive literature review on
how scientists (not just managers and decision makers) currently prioritize wetlands, by
completing a review as might be published in a scientific journal. The next step would be
to then re-do the project with a focus on tweaking the analysis to integrate the common
themes found in that literature review. Such a project as this could then be published in a
journal and would be a great way to help this project and its ideas be integrated into, and
accepted by, the scientific community. Finally, additional work that could be done on this
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project would be to integrate more factors into the analysis (such as climate change
projections, presence of protected lands, water quality data, etc.) and to re-do the analysis
for different states.
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Appendix A. Models, Scripts, and Script Tools Created
in the Project

Appendix A provides diagrams of the model and script tools used in the Wetland

Prioritization Toolbox, as well as a brief overview of a few of the parameter settings that

were used to publish the geoprocessing service. The first four sections in the Appendix
are titled according to the name of the toolset within the toolbox (Figure A-1).

4 EE;, Wetland Prioritization Toolbox.thx

b & Critical Habitat (Lines) (Riverine) Data Prep
I & Critical Habitat (Po ygons) Data Prep

I &9 Important Bird Areas Data Prep Edited

I &s Wetland Prioritization Ana HE

Figure A-1: Toolsets in Wetland Prioritization Toolbox

The fifth section of the Appendix then gives an overview of the script tool and model
that was created in 10.5 for the geoprocessing service, and the last section, “Publishing
the Geoprocessing Service,” discusses a few of the parameter settings used to publish the
geoprocessing service.

Critical Habitat (Lines) (Riverine) Data Prep

The “Critical Habitat (Lines) (Riverine) Data Prep” toolset consisted of four steps and a
background script tool that was integrated into Step 2. Figure A-2 shows an overview of
the toolset.

4 Ko Critical Habitat (Lines) (Riverine) Data Prep
=l BackgroundProcess_CritHabRiverineCount
CritHabLines_Step1
CritHabLines_Step?
CritHabLines Step3
CritHabLines_5Stepd CleanUp
FigureA-2: Critical Habitat (Lines) (Riverine) Data Prep toolbox

Figures A-3 to A-7 show diagrams of the data preparation steps for the critical
habitat lines data preparation.
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Figure A-4: CritHabLines_Step 2

Simplifying_CritHabRiverine_Count_Final.py Simplifying_ES_Count_Final.py Simplifying_Sp_List_Finz
<

import arcpy
layer = arcpy.GetParameterAsText(8)
Sp_Count = arcpy.GetParameterAsText(1)

d = arcpy.Describe(layer)

work = d.path
arcpy.env.workspace = work
arcpy.env.overwriteQutput = True

0O~ O W0 B b=

=]

10 lista3d = []
11 mysum = 0.0
12 arcpy.AddMessage ("Calculating endangered species counts™)

13

14 fields = arcpy.ListFields(layer,”CritHabRiverine Weight*")
15

16 for field in fields:

17 lista3l.append(str(field.name))

18

19 lista3.append(str(Sp_Count))

20

21 cursor = arcpy.da.UpdateCursor(layer,lista3)
22 for row in cursor:

23 row[-1]= ©

24 for i1 in row:

25 mysum= sum(row)
26 row[-1] = mysum

27 cursor.updateRow(row)
28

29 aPcpy.SetParameter(2,layer)|

Figure A-5: Background Process in Step 2
(Simplifying_CritHabRiverine_Count_Final.py)

The Simplifying_CritHabRiverine_Count_Final.py script was integrated into a script
tool such that parameter 0 and parameter 2 had data types of “Feature Class.” Parameter 1
had a “Field” data type. Parameters 0 and 1 were required input parameters with
Parameter 1 having dependency on parameter 0.
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Figure A-8 and A-9 show the user interfaces for the critical habitat lines data
preparation steps.
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Figure A-8 Geoprocessing Pane Interface for CritHabLines_Stepl and

CritHabLines_Step2
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Figure A-9: Geoprocessing Pane Interface for CritHabLines_Step3 and
CritHabLines_Step4 CleanUp

Critical Habitat (Polygons) Data Prep

“Critical Habitat (Polygons) Data Prep” was the second toolset in the toolbox and
consisted of 5 steps and 5 background models and scripts (Figure A-10).
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Figure A-10: Critical Habitat Prep Background Process
As can be seen, the Critical Habitat (Polygons) Data Prep consisted of many more

steps, as well as quite a few background scripts and models. Figures A-11 to A-21 show
the models and script tools for the Critical Habitat (Polygons) Data Prep toolset.
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Figure A-11: CritHabPolys_Stepl
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' %Value%)

Input Endangered P P
Species Critical Intermediate Feature
Habitat Feature Class
Class from Step 1 (int_CritHab_ES_dslIv)

Field denoting

different species

types (2)
- L. Output Feature P

CritHab_Step2_background TS —— Classes (MUSt

Input Threatened F';l—’ beint CH TS
%Value%)

Species Critical

Habitat Feature
Class from Step 1

Intermediate Feature
Class
(int_CritHab_T5S_dslv)

P

Figure A-12: CritHabPolys_Step?2

CritHabPolys_Step2 was basically a model that was created to produce an easy user
interface for two models that were exactly the same except for one being specific towards
endangered species and adding the appropriate fields for that, and the other for threatened
species.
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| ¥ | oeuL.

P Input Critical Habitat

Input (Output from Step
u Make Feature for Endangered

(im_Cr\IHab_JThlealened) Layer Species (lF)rom Step

Dissolve_. .. ? .
(s) > Dissolve

P
Intermediate Feature lterate Feature
ClassT —
(int_GritHab_ES_dslv) Selection
A

>
Value

Group By
Fields
v

Multipart To

|_FeatureSele... —» Singlepart

v
Output Feature P
Classes Must be
int CH_ES %
Value%

|
A4

| Output with field

Add Fields added

v

Calculate Fields — Critical_Habita. ..
Figure A-13: CritHab_Step2_background_ES (background process)

In CritHab_Step2_background_ES, the endangered species feature class was
dissolved by comname with “create multipart features” checked. The model then iterated
through the features in the feature class as grouped by OBJECTID, to create separate
feature classes for each endangered species range. The feature were then converted to
singlepart features again. This somewhat long approach was used instead of merely
applying Iterate Feature Selection on the original input endangered species feature class,
because special characters in the comname field for endangered species made the
comname field not usable in “Iterate Feature Selection.”
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P -
Input Critical Habitat
T (Ol Make Feature for Threatened

from Step 1) —— Species (From Ste|
(int_CritiHab_T... Layer SR
|
\J
P
i P Intermediate Feature
Dl . Dissolve —> Class
(s) (int_CritHab_TS_dsiv)

l

Group By lterate Feature
Fields Selection

Value

A

Multipart To

|_FeatureSele. .. —» Sz

v
Output Feature P
Classes Must be
int CH TS_%
Value%
|

A

__ Output with field
Add Fields > added

A\

Calculate Fields —» Critical Habitat..

Figure A-14: CritHab_Step2_background_TS (background process)

The CritHab_Step2_background_TS model used the same approach as the model
created for endangered species except that the field added was i_Threatened_Weight
instead of i_Endangered_Weight.
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P P
Infermediate Feature
Union —# Class Output for Next
Step: (int_ES_Union)

l

Add Fields

Input Endangered
Species Feature
Classes
(in_CH_ES__)

Al
Fneld'(rzn)Up,,, _» CalcSplist (3)

|
Y

OutTable (3)

P P
Intermediate Feature

Union (2) # Class Qutput for Next
Step(int_TS_Union)

l

Add Fields (2)

Input Threatened
Species Feature
—
Classes
(int_CH_TS_...)

CalcSpList

»

FieldToUp...
¥

OutTable

Figure A-15: CritHabPolys_Step 3

—» CritHabPolys_.

— CritHabPolys_...

Field for
Values
|
v v
Calculate —=  Standardize
Endangered —=  outlayer = Weighting
Species Count Scores
‘ﬁ t
CHp_End
Field for
Standardi....
L l !
Y
Calculate -
Threatened Standardize
Species Count ™ Qutput e \Negighting
2 Scores (2)
T | T
CHp_Thr...

-

>

Output (2)

Output (3)

CritHabPolys_Step3 used 3 different script tools (CalSpList, Calculate Endangered
Species Count, Calculate Threatened Species Count, and Standardize Weighting Scores)
corresponding to the files (Simplifying_Sp_List_Final.py,
Simplifying_ES_Count_Final.py, Simplifying_TS_Count_Final.py, and

StandardizingWeightScores.py).
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Simplifying_Sp_List_Final.py Simplifying_TS_Count_Final.py StandardizingWeightScores.py

.
1 import arcpy
2 layer = arcpy.GetParameterAsText(0)
3 ES List = arcpy.GetParameterAsText(1)
4
5 d = arcpy.Describe(layer)
6 work = d.path
7 arcpy.env.workspace = work
8 arcpy.env.overwriteOutput = True
g
1@ arcpy.AddMessage ("Compiling the species list.")
11
12 lista3=[]
13
14  fields = arcpy.ListFields(layer,"comname®")
15
16 for field in fields:
17 lista3.append(str(field.name))
18
19 lista3.append(str(ES_List))
208
21 cursor = arcpy.da.UpdateCursor(layer,lista3)
22 for row in cursor:
23 row[ -1]=None
24 eslist = []
25 sep=", '
26 for i in row:
27 if 1 != Mone:
28 if len(i) > 1:
29 eslist.append(i)
30 es = sep.join(eslist)
31 arcpy.AddMessage(es)
32 row[=-1] = es
33 cursor.updateRow(row) |

Figure A-16: CalcSpList Script Tool (Simplifying_Sp_L.ist_Final.py) used in Step_3

The Simplifying_Sp_List_Final.py script was integrated into a script tool such that
parameter 0 and parameter 2 had the data type of “Feature Layer” and parameter 1 had
the data type of “Field.” Parameter O and 1 were required inputs, with parameter 1 being
dependent on parameter 0. Parameter 2 was a derived output.
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Simplifying_ES_Count_Final.py Simplifying_Sp_List_Final.py Simplifying_T5_Count_Final.py Star

L
1 import arcpy
2 layer = arcpy.GetParameterfAsText(d)
3 ES Count = arcpy.GetParameterAsText(l)
4
5 d = arcpy.Describe(layer)
6 work = d.path
7  arcpy.env.workspace = work
8 arcpy.env.overwriteQutput = True
9
1@ lista3 = []
11 mysum = 9.8
12  arcpy.AddMessage ("Calculating endangered species counts™)
13
14  fields = arcpy.lListFields(layer,"i_Endangered Weight*")
15 |
16 for field in fields:
17 lista3.append(str(field.name))
18
19 lista3.append(str(ES_Count))
20
21 cursor = arcpy.da.UpdateCursor(layer,lista3)
22 for row in cursor:
23 row[-1]= ©
24 for i in row:
25 mysum= sum{row)
26 row[-1] = mysum
27 cursor.updateRow(row)
28
29 arcpy.SetParameter(2,layer)

Figure A-17: Calculate Endangered Species Count Script Tool used in Step_3
(Simplifying_ES_Count_Final.py)

The Simplifying_ES_Count_Final.py script was integrated into a script tool such that
parameter 0 and parameter 2 had the data type of “Feature Layer” and parameter 1 had
the data type of “Field.” Parameter O and 1 were required inputs, with parameter 1 being
dependent on parameter 0. Parameter 2 was a derived output.
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Simplifying_TS_Count_Final.py StandardizingWeightScores.py

4

import arcpy
layer = arcpy.GetParameterAsText (@)
TS Count = arcpy.GetParameterAsText(1)

1
2
3
4
5 d = arcpy.Describe(layer)
6 work = d.path

7 arcpy.env.workspace = work

8 arcpy.env.overwriteOutput = True

9

18 lista3=[]

11 mysum =0.8

12 indexList =[]

13 allsum=[]

14  arcpy.AddMessage ("Calculating Threatened Species Count™)

15

16 fields = arcpy.lListFields(layer,"i Threatened Weight*")
17

18 for field in fields:

19 lista3.append(str(field.name))

20 lista3.append(str(TS_Count))

21

22 count=0

23 cursor = arcpy.da.UpdateCursor({layer,lista3)
24 #arcpy.AddMessage(listal)
25 for row in cursor:

26 row[-1]= @

27 for i in row:

28 mysum= sum(row)

29 ﬂarcpy.ﬁddMe55age(my5um}
30 row[-1] = mysum

31 cursor.updateRow(row)

32

33 arcpy.SetParameter(2,layer)
34

35

Figure A-18: Calculate Threatened Species Count Script Tool Used in Step_3
(Simplfying_TS_Count_Final.py)

The Simplifying_TS_Count_Final.py script was integrated into a script tool such that
parameter 0 and parameter 2 had the data type of “Feature Layer” and parameter 1 had
the data type of “Field.” Parameter 0 and 1 were required inputs, with parameter 1 being
dependent on parameter 0. Parameter 2 was a derived output.
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StandardizingWeightScores.py

<

(=== LS R I Wy B N W

[
= ©

12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29

import arcpy

layer = arcpy.GetParameterfAsText(0)

non_Standardized Field = arcpy.GetParameterAsText(l)
standardized field to populate = arcpy.GetParameterAsText(2)

d = arcpy.Describe(layer)
work = d.path
arcpy.env.workspace = work
arcpy.env.overwriteOutput = True
myvalues = []
with arcpy.da.SearchCursor(layer,[non_Standardized_Field,3
Gstandardized field to populate]) as cursor:
for row in cursor:

v=row[@]

myvalues.append(v)
my_max = max{myvalues)
#arcpy.AddMESSage(myvaIUESH
arcpy.AddMessage( "Max: ")
arcpy.AddMessage(my_max)
arcpy.AddMessage( 'Now calculating standardized score')
with arcpy.da.UpdateCursor(layer,[non_Standardized_Field, 3
Gstandardized_field_to_populate]) as cursor2:

for row2 in cursor2:

st wt = row2[@]/my_max

arcpy.AddMessage(st_wt)

row2[1] = st wt

cursor2.updateRow(row2)
arcpy.AddMessage("Standardizing Weight Scores complete.™)

#find max value in field...histogram stretch to find the standardized weight
arcpy.SetParameter(3, layer)

Figure A-19: StandardizingWeightScores.py

The StandardizingWeightScores.py script was integrated into a script tool such that

parameter 0 and parameter 3 had the data type of “Feature Layer” and parameters 1 and 2
had the data type of “Field.” Parameters O, 1, and 2 were required inputs, with parameters
1 and 2 being dependent on parameter 0. Parameter 3 was a derived output.
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Feature Class
N

from Step 3

Output WorkspaceP

for Final Critcal
Habitat Feature
Classes

Input P

Feature Class to

int. TS Union
feature class
from step 3

TSFieldsto F
Keep (Remove
all except last 3)

Feature Class —»

(2)

>

|
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Figure A-20: CritHabPolys_Step4
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Workspace or P
Feature Dataset
(All feature
classes beginn. =

Delete

Iterate Feature " Succeeded

————» FeatureClass —»
Classes Delete

Name

Figure A-21: CritHabPolys_Step5 CleanUp

Figures A-22 to A-24 show the user interface for the CritHabPolys model tools.

Geoprocessing v # X Geoprocessing v X
® CritHabPolys_Step1 = ® CritHabPolys_Step2 =
Parameters | Environments 2 Parameters | Environments ?
* Input Data (Critical Habitat Polys) * Input Endangered Species Critical Habitat Feature Class from Step 1
* Intermediate Output: Must include ‘%Value%' in name. (int_CritHab_ * Input Threatened Species Critical Habitat Feature Class from Step 1

%Value%)

* Intermediate Feature Class (int_CritHab_ES_dslv)
* Output Feature Classes (Must be int_CH_ES_%Value%)
* Intermediate Feature Class (int_CritHab_TS_dslv)

* Output Feature Classes (Must be int_CH_TS_%Value%)

Run (» Run (>

Figure A-22: User Interface for CritHabPolys_Stepl and CritHabPolys_Step?2
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Geoprocessing

® CritHabPolys_Step3

Parameters | Environments

* Input Endangered Species Feature Classes ~ Ranks
(int_CH_ES_..)

)

| | = |

* Input Threatened Species Feature Classes Ranks
(int_CH_TS_..)

| | |

* Intermediate Feature Class Output for Next Step: (int_ES_Union)

|

* Intermediate Feature Class Output for Next Step(int_TS_Union)

Run @

Geoprocessing

® CritHabPolys_Step4 =
Parameters | Environments @
* Input int_ES_Union feature class from Step 3
| |
ES Fields to Keep (Remove all except last 3) :=3>
Output Fields Source Properties
* Input int_TS_Union feature class from step 3
T
TS Fields to Keep (Remove all except last 3) _=—0
Output Fields Source Properties
* Output Workspace for Final Critcal Habitat Feature Classes
-

I

* Endangered Species Habitat Output Name

* Threatened Species Habitat Output Name

l

Run @

Figure A-23: User Interface for CritHabPolys_Step3 and CritHabPolys_Step4
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Geoprocessing

® CritHabPolys_Step5_CleanUp

Parameters | Environments

* Workspace or Feature Dataset (All feature classes beginning with
“int_" will be deleted from this workspace

Run (»

Figure A-24: User Interface for CritHabPolys_Step5_ CleanUp

Important Bird Areas Data Prep

Important Bird Areas Data Prep was the final data preparation toolset and also the
smallest, as the data preparation process for the Important Bird Areas data was simpler
than the critical habitat data. Figure A-25 shows the two models in the toolset.

4a Bs Important Bird Areas Data Prep
P9 ImportantBirdAreas Step

P9 ImportantBirdAreas StepZ2 (CleanUp)
Figure A-25: Important Bird Areas Data Prep Toolset
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Figures A-26 through A-27 show the two steps in the Important Bird Areas Data
Prep toolset.

P
Input Data
Intermediate P
Project _, [Feature Class

(Name must
start with "int_")

Y

Make Feature

» California_IBA...
Layer

¥ |_California_IB... —» Dissolve

lterate Feature
Selection

Value

Y
P

Final Outputs (MUST
include "%Value%" in
name)

Add Fields » Updated Table

.

Calculate Field —  IBA Qutpts

Figure A-26: Important Bird Areas Data Prep Step 1

P
Workspace with Delete
intermediate ——» lterate Feature —» FeatureClass —. , Delete

data to delete Slzzzs

Name

Figure A-27: Important Bird Areas Data Prep Step 2
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Figure A-28 shows the user interface for ImportantBirdAreas Stepl and Step 2.

Geoprocessing v # X Geoprocessing v & X
® Important Bird Areas Step1 = ©® ImportantBirdAreas Step2 (CleanUp) =
Parameters | Environments Y Parameters | Environments
* Input Data * Workspace with intermediate data to delete
% Intermediate Feature Class (Name must start with “int_")
% Final Outputs (MUST include "%Value%" in name)

Run (» Run (»

Figure A-28: User Interface for ImportantBirdAreas Stepl and
ImportantBirdAreas Step 2 (Clean Up)

Wetland Prioritization Analysis

The final toolset in the analysis was the Wetland “Prioritization Analysis” and consisted
of 4 steps and a background process (Figure A-29).

4 & Wetland Prioritization Analysis

BackgroundProcess_PrioritizationAnalysis_Step4_CalculatePriority

Al

o Prioritization Analysis Step 1
PO Prioritization Analysis Step 2 (Optional but Recommended)
PO Prioritization Analysis Step 3
0 Prioritization Analysis Step 4

Figure A-29: Wetland Prioritization Analysis
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Figure A-30 to A-25 show the details of the models and script tools in the Wetland
Prioritization Analysis toolset.

Input Prioritization P
Factors (Everything
else except for

wetlands) I
Intermediate =

) |mp0rtant ) Final Intermediate Output
Union — — Add Fields (2) —» for Step 1
L Features ( ) (int_Plior[\)(irzaLi)pn_Faclurs)
" Unioned
Output B
Coordinat...

Figure A-30: Prioritization Analysis Step 1

Make Feature
Layer

|

CA Wetlands —»

Input B
feature layer Prioritization Search
Factors Output Distance

from Step 1

Select Layer By
Location P
Aggregation

\—¢ Distance
— P

Final Output Feature
entername .,  Aggregate | "G (tSieno

Polygons (Wetlands_Aggregated)
P

Minimum Output Table
Hole Size

Minimum
Area

Figure A-31: Prioritization Analysis Step 2 (Optional but Recommended)

P
Input Prioritization
Factors Output from

Step 1

P P
Input Final Output from

tep Intermediate Feature Class .
(Wetlands_Aggregated) —» Project — (ie. —> Clip
or original Wetlands int_AggregatedWetlandsProj)
feature class

1

\ !

Output P p . P Final | .
: Final Intermediate q inal Intermediate
Casurt:mare Output of Step 3 ML‘J|tIpaI'1 To Output of Step 3
S (int_ImpWetlands) Singlepart (int_ImpWetlands)
(2)

Figure A-32: Prioritization Analysis Step 3
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Figure A-33: Prioritization Analysis Step 4
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25

26
27
28
29
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32
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34

Final Final Output of

Interval

P

—

Add Fields

—— ImportantWetlandsFinal

Calculate Fields

ImportantWetlandsFinal
2)

This tool calculates the final index score for wetlands of importance in 2

GCalifornia.

These are the names of the fields used in this tool:

IBA State Weight
Riv_CountStandardized
TS_CountStandardized
IBA_Global Weight
ES_CountStandardized
Final_ Index_Score

ScoreCategories (Created and calculated by the tool for use in easy web map 2

Gvisualization in Web AppBuilder)

import arcpy
import os
import sys

layerIn = arcpy.GetParameterAsText(d)

#Field Weights

iba_s_txt = arcpy.GetParameterAsText(1l) #Important Bird Areas for the State
iba_g txt = arcpy.GetParameterAsText(2) #GLobally Important Bird Areas
ch_end_std_txt = arcpy.GetParameterAsText(3) #Endangered Species Count 3@

G(Standardized Score)

ch_thr_std_txt = arcpy.GetParameterAsText(4) #Threatened Species Count 2

G(Standardized Score)

ch_riv_std_txt= arcpy.GetParameterAsText(5) #Buffer area around critical 32

Ghabitat rivers (Standardized Score)
layerOut = arcpy.GetParameterAsText(6)

d = arcpy.Describe(layerIn)

work = d.path
arcpy.env.workspace = work
arcpy.env.overwriteQutput = True

iba_s = float(iba_s_txt)
iba_g = iba_g = float(iba_g_txt)

Figure A-34: BackgroundProcess_Prioritization Script Tool

(CalculateFinalScore_Pro_Version2.py) rows 1-34
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34 iba_g = iba_g = float(iba_g_txt)
35 ts_std = float(ch_thr_std_txt)
36 es_std = float(ch_end_std_txt)
37 riv_std = float(ch_riv_std_txt)

38

39 myfields = ["IBA_State_Weight', 'IBA Global Weight', 'Riv_CountStandardized’,

40 'TS_CountStandardized', 'ES_CountStandardized', 'Final Index_Score']

41 score=0

42 try:

43 result = math.fsum([iba_s , iba_g , ts_std , es_std , riv_std])

44 #or iba_s + iba_g + ts_std + es_std + riv_std

45 arcpy.CopyFeatures_management(layerIn, layerOut)

46 cursor = arcpy.da.UpdateCursor(layerOut, myfields)

47 for row in cursor:

48 num_score = math.fsum([(iba_s*row[@]), (iba_g*row[1]), (riv_std*row[22
G 1), (ts std*row[3]),(es std*row[4])]1)

49 score = (num_score / result)*1ee

58 #or ( (iba_s*row[®]) + (iba_g*row[1]) + (riv_std*row[2]) + 32
G (ts_std*row[3]) + (es_std*row[4]) ) / float(result)

51 row[-1]=score

52 cursor.updateRow(row)

53 arcpy.AddMessage( 'Index Score Calculated')

54

55 myvalues = []

56 with arcpy.da.SearchCursor(layerOut,['Final_Index_Score']) as cursorB:

57 for row in cursorB:

58 v=row[0]

59 myvalues.append(v)

[52] my_max = max{myvalues)

61 arcpy.AddMessage( "Maximum value is:{}'.format{my_max))

62 interval= float((my_max-8)/5)

63 arcpy.AddMessage('interval is {}'.format(interval))

64 arcpy.SetParameter(7,interval)

65 |

66 except:

67 e = sys.exc_info()[1]

68 print(e.args[8])

69 arcpy.AddError(e.args[@])

70

Figure A-35: BackgroundProcess_Prioritization Script Tool

(CalculateFinalScore_Pro_Version2.py) rows 34-70

Figure A-39 shows the parameter settings used to integrate
CalculateFinalScore Pro Version2.py into a script tool.

Tool Properties: BackgroundProcess_PrioritizationAnalysis_Step4 CalculatePriority

General Define the script tool parameters
Parameters
Label Name Data Type
Validation
0 | Inputlayer | Input_Layer Feature La...
1  Weight for... Weight_for_State_IBAs Double
2 | Weight for.. Weight for_Global_IBAs Double
3  Weight for.. Weight_for_Count_of_Endangered_Species Double
4 Weight for.. Weight_for_Count_of_Threatened_Species_(standardized) Double
5 | Weight for... Weight_for_River_ Habitat_(for_SteelheadTrout_and_Chinock salmon) Double
6 | Outputla.. Output_Layer Feature CI...
7 | Interval Interval Double
i String

Type
Required
Required
Required
Required
Required
Required
Required
Derived

Required

Direction Category Fil
Input

Input

Input

Input

Input

Input

QOutput

Qutput

Input

»

Figure A-39: Parameters used to Integrate CalculateFinalScore_Pro_Version2.py

into a Script Tool
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CalculateFinalScore_Web Version2

For the geoprocessing service that was created, a script tool was created and then
imbedded inside a model in an ArcMap 10.5 toolbox (Figure A-40)

= ° Wetland_Prioritization_Toolbox_105Version2.tbx
-1 & Wetland Prioritization Analysis for ArcMap

5 PrioritizationAnalysis_Step4b_WetlandPriorityScoreWebTool
390 Prioritize_Wetlands_Web_Version2d
Figure A-40: Wetland Prioritization Toolbox for ArcMap 10.5
Figures A-41 to A-44 show the model and script tool contained in the toolbox.

P

Weight -

Weight - Important

Globally

P
Inout PrioritizeionAnal
put is Step4b Wet OutputDerive
(California ys P
Wetlands) landPriornityScore

WebTool

Weight -
Endanger

Figure A-41: PrioritzeWetlands_Web_Version2d
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CalculateFinalScore_Web_Version2.py

4

ko =

W oo~ B W

1@
11
12
13
14
15
16
17
18
19
20
21

22

23

24
25
26
27
28
29
30
31
32
33
34
35

This tool calculates the final index score for wetlands of importance in 32

ECalifornia.

These are the names of the fields used in this tool:

IBA State Weight
Riv_CountStandardized
TS_CountStandardized
IBA_Global_Weight
ES_CountStandanized
Final_Index_Score
import arcpy

import os

import sys

import math

layerIn = arcpy.GetParameterfsText(0)
#Field Weights

iba s txt = arcpy.GetParameterAsText(1l) #Important Bird Areas for the State

Simplifying_CritHabRiverine_Count_Final.py

Simplifying_ES_Count_Final.py

Sin

F v

iba g txt = arcpy.GetParameterAsText(2) #GLobally Important Bird Areas
ch_end_std_txt = arcpy.GetParameterAsText(3) #Endangered Species Count 3

G(Standardized Score)

ch_thr_std _txt =zarcpy.GetParameterAsText(4) #Threatened Species Count 3

G(Standardized Score)

ch_riv_std txt= arcpy.GetParameterAsText(5) #Buffer area around critical 32

Ghabitat rivers (Standardized Score)

layerOutName = arcpy.GetParameterfAsText(6)

layerOut= os.path.join(arcpy.env.scratchGDB, layerOutName)

arcpy.env.overwriteQutput = True

arcpy.AddMessage('This may take a minute. Please wait.')

iba s = float(iba_s_txt)
iba g = float(iba_g txt)
ts _std = float(ch_thr std txt)
es_std = float{ch_end_std_txt)
riv_std = float(ch_riv_std_txt)

myfields = ['IBA State_lleight', 'IBA_Global _Weight', 'Riv_CountStandardized’,

'TS_CountStandardized', 'ES_CountStandardized’, 'Final_Index_Score']
Figure A-42: CalculateFinalScore_Web_Version2.py Rows 1-35

78



CalculateFinalScore_Web_Version2.py Simplifying_CritHabRiverine_Count_Final.py Simplifying_ES_Count_Final.py Simplit

< F v
35 'TS_CountStandardized', "ES_CountStandardized', 'Final_Index_Score']
36 score=0
37
38 try:
39 result = math.fsum([iba_s , iba_g , ts_std , es_std , riv_std])
40 #or iba s + iba g + ts_std + es_std + riv_std
41 arcpy.CopyFeatures_management(layerIn, layerOut)
42 arcpy.AddField management(layerOut,"PriorityIndexScore Rounded","SHORT")
43 arcpy.AddField_management(layerOut,"ScoreCategories™,"TEXT")
A4
45 cursor = arcpy.da.UpdateCursor(layerQut, myfields)
46 for row in cursor:
A7 num_score = math.fsum([(iba_s*row[0]),(iba_g*row[1]),(riv_std*row[22
Y 1), (ts_std*row[3]), (es_std*row[4])])
48 score = (num_score / result)*100
49 #or ( (iba_s*row[@]) + (iba _g*row[1]) + (riv_std*row[2]) + &
G (ts_std*row[3]) + (es_std®row[4]) ) / float(result)
50 row[-1]=score
51 cursor.updateRow(row)
52 arcpy.AddMessage( ' Index Score Calculated')
53
54 arcpy.CalculateField management(layerOut, "PriorityIndexScore Rounded", 3
5 "l!Final_Index_Score!™, "PYTHON")
55 arcpy.AddMessage("Priority Index Score Rounded field calculated (for 2
L  cartographic visualization)")
56
57 myvalues = []
58 with arcpy.da.SearchCursor(layerOut,["Final_Index_ Score",3d
L "ScoreCategories"]) as cursorB:
59 for row in cursorB:
60 v=row[8]
61 myvalues.append(v)
62 my_max = max{myvalues)
63 arcpy.AddMessage( 'Maximum value is:{}'.format(my_max))
64 intervalz float((my_max-8)/5)
65 arcpy.AddMessage("interval is {}'.format(interval))
66 with arcpy.da.UpdateCursor(layerOut,["Final_Index_ Score",3d
L "ScoreCategories"]) as cursorC:
67 for myrow in cursorC:

Figure A-43: CalculateFinalScore_Web_Version2.py Rows 35-67
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for myrow in cursor(C:
if myrow[@] <= interval:
myrow[-1] = "Low"
elif myrow[@] <= (interval#*2):
myrow[-1]="Medium Low"
elif myrow[@] <= (interval*3):
myrow[ -1]="Medium"
elif myrow[@] <= (interval*4):
myrow[-1]="Medium High"
else:
myrow[-1]="High"
cursorC.updateRow(myrow)
#expression ="CalcCategories(!Final Index Score!, Interval)”
#codeblock="""def CalcCategories(input, max):
#if input <= float(max) :
#ScoreCategoriesAnswer = "Low"
#elif input <= float(max*2):
#ScoreCategoriesAnswer= "Meium Low"
#elif input <= float(max*3):
#ScoreCategoriesAnswer="Medium"
#elif input <= float(max*4):
#ScoreCategoriesAnswer="Medium High"
#elsze:
#ScoreCategoriesBAnswer = "High"
#return ScoreCategoriesAnswer™™"
#expression ="CalcCategories(!Final_Index_Score!, Interval)"

#arcpy.CalculateField management(layerOut, 'Index Score Calculated', 3
G expression, "PYTHON", codeblock)

arcpy.AddMessage( ' FieldsCalculated')
arcpy.SetParameter(7,layerOut)

except:
e = sys.exc_info()[1]
print(e.args[0])
arcpy.AddError(e.args[0])

Figure A-44: CalculateFinalScore_Web_Version2.py Rows 67-100

Figure A-45 shows the parameter settings used to integrate

£

Simpli
v

CalculateFinalScore_Web_Version2.py into a script tool. Most notably, the input was set
as a “Feature Set” and the output as a “Feature Class.” In addition, OutputDerived was
given the parameter as being derived from the input wetlands layer, and symbology for
the output was set according to a pre-defined symbology layer file that was created in
ArcMap.
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PrioritizationAnalysis_Step4b_WetlandPriorityScoreWebTool Properties X

General Source Parameters Validation Help

Display Name Data Type i

Input (California We... Feature Set

Weight - Important ... Double 1~
Weight - Globally Im... Double

Weight - Endangere... Double ‘

Weight - Threatene... Double
Weight - River Habit... Double
Output Layer Name String
OutputDerived Feature Class

< >

Figure A-45: Script tool parameters in
PrioritizationAnalysis_Step4b_WetlandPriorityScoreWebTool

Publishing the Geoprocessing Service

The process that was used to publish the geoprocessing service from ArcMap is very
standard, so most of the settings will not be specified here, except that the maximum
number of records returned by the server should be increased to an appropriate number
depending on the size of the input dataset (the maximum number should not be less than
the number of features in the feature class). In this project, that number was specified as
3000. The service was also published as asynchronous. It should also be noted that when
republishing the geoprocessing service, the input mode should be specified as “constant
value” (See Figure A-46).

Input (California Wetlands)

Name: (required)

Description: (required)

Type:

Input mode: Constant value v

Figure A-46: When publishing the service, input should be “Constant value”

In addition, the Output_Layer Name parameter in the model/script tool was used for
convenience in running the tool in a desktop program but is unnecessary for the
geoprocessing service and confusing for users if integrated into the final web application.
As such, the geoprocessing service should be configured in Web AppBuilder such that
the Output_Layer_Name parmeter is not visible, as shown in Figure A-47.
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Configure Geoprocessing X

Geoprocessing

‘ - - Laam m
change widget icon -2

Task URL https://urspatial.redlands.edu/ags/rest/services/'WetlandPrioritization/Prioritize_Wetlands_SanPabloBayArea_C: Set
VIt A P T
Type: GPDouble -
R::'quir!d.' true Label: Output Layer Name
MName:
Weight___Threatened_Species_5t Tooltip: Output Layer Name
Type: GFDouble
Required: true
MName:
Weight___River_Habitat_for_Steel_ Default Value
Type: GFDouble
Required: true Wetlands_Prioritized_StudyArea2_NameDate

Name: Output_Layer_Name
Type: GPString
Required: true

* Output

Name: OutputDerived
Type: GFFeatureRecordSetLayer
Required: false

Layer order
Options

Figure A-47: Output_Layer_Name parameter should not be visible, when
configuring the geoprocessing tool
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