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Social Values for Ecosystem Services (SolVES): A GIS
Application for Assessing, Mapping, and Quantifying the
Social Values of Ecosystem Services—Documentation
and User Manual, Version 1.0

By Benson C. Sherrouse, Jodi L. Riegle, and Darius J. Semmens

Abstract

In response to the need for incorporating quantified and spatially explicit measures of social
values into ecosystem services assessments, the Rocky Mountain Geographic Science Center, in
collaboration with Colorado State University, has developed a geographic information system
application, Social Values for Ecosystem Services (SolIVES). SolVES can be used to assess, map, and
quantify the perceived social values of ecosystem services. SOIVES derives a quantitative social values
metric, the Value Index, from a combination of spatial and nonspatial responses to public attitude and
preference surveys. SolVES also generates landscape metrics, such as average elevation and distance to
water, calculated from spatial data layers describing the underlying physical environment. Using kernel
density calculations and zonal statistics, SOIVES derives and maps the 10-point Value Index and reports
landscape metrics associated with each index value for social value types such as aesthetics,
biodiversity, and recreation. This can be repeated for various survey subgroups as distinguished by their
attitudes and preferences regarding public uses of the forests such as motorized recreation and logging
for fuels reduction. The Value Index provides a basis of comparison within and among survey
subgroups to consider the effect of social contexts on the valuation of ecosystem services. SOIVES
includes regression coefficients linking the predicted value (the Value Index) to landscape metrics.
These coefficients are used to generate predicted social value maps using value transfer techniques for
areas where primary survey data are not available. SolVES was developed, and will continue to be
enhanced through future versions, as a public domain tool to enable decision makers and researchers to
map the social values of ecosystem services and to facilitate discussions among diverse stakeholders
regarding tradeoffs between different ecosystem services in a variety of physical and social contexts.



Disclaimer

The SolVES tool described in this manual is applied at the user's own risk. The U.S.
Department of the Interior, or the system authors can not assume responsibility for system operation,
output, interpretation, or use.



Introduction

Social Values for Ecosystem Services (SolVES) is a geographic information system (GIS)
application for incorporating quantified and spatially explicit social values information into ecosystem
services assessments. It was developed by the U.S. Geological Survey’s (USGS) Rocky Mountain
Geographic Science Center (RMGSC) in collaboration with Dr. Jessica Clement, at Colorado State
University (CSU). SolVES addresses the need to account for differing values, attitudes, and preferences
among diverse stakeholders in the analysis of tradeoffs among ecosystem services.

Ecosystem services provide both tangible and intangible benefits to human life (Daily, 1997).
Whereas sometimes these benefits can be quantified in monetary terms, often they exist as public goods
that bypass the economy (Costanza and others, 1997). Further, monetary values, even if available, are
not always desirable as they can distract decision makers and stakeholders from the primary purpose of
ecosystem management (USDA, 2008). Decision makers require estimates of social values beyond
those defined economically to assess the full range of ecosystem values. These social values include
sociocultural perceptions of human well-being derived from nature, measured using social assessments
and other non-utilitarian means of capturing their value (Millennium Ecosystem Assessment, 2003;
Cowling and others, 2008; Kumar and Kumar, 2008; Nijkamp and others, 2008). SolVES uses previous
social values mapping research (Brown and Reed, 2000; Brown and others, 2002; Reed and Brown,
2003; Brown and others, 2004; Brown, 2005; Brown and Alessa, 2005; Alessa and others, 2008) to
implement a methodology for incorporating social values into the ecosystem services assessment
process by quantifying and representing these values across the landscape as a “Value Index,” which
provides a spatial, non-monetary metric statistically related to characteristics of the underlying physical
environment.

SolVES provides functionality to assess, map, and quantify social values such as aesthetics,
biodiversity, and recreation by deriving social value maps and modeling their relation to landscape
metrics from a combination of spatial and nonspatial responses to stakeholder attitude and preference
surveys along with various environmental data layers. SolVES also uses regression coefficients derived
from these modeled relation to generate predicted social value maps for areas where primary survey
data are not available by loosely following previous approaches using GIS for applying value transfer
methods to ecosystem services valuation (Troy and Wilson, 2006).



SolVES Overview

SolVES is packaged as a custom toolbar for the Environmental Systems Research Institute’s
(ESRI’s®) ArcGIS 9.3 GIS software. It was developed using VB.NET. It uses geospatial and tabular
data to parameterize three separate models: the Ecosystem Services Social Values Model, the Value
Mapping Model, and the Value Transfer Mapping Model. The general process flow of the SoIVES’
Ecosystem Services Social Values and Value Mapping Models is shown below (fig. 1).
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Figure 1. General process flow of SolVES’ Ecosystem Services Social Values and Value Mapping Models.

The Ecosystem Services Social Values Model and the Value Mapping Model operate together in
a sequence as follows (fig. 1):

1. The user starts the Ecosystem Services Social Values Model and selects a public use and an
attitude or preference regarding that use.

2. Based on the user’s selections, the model retrieves the matching survey response mapped points
and value allocations.

3. Using the value allocations to weight the mapped points, the model calculates kernel density
surfaces and spatial statistics for the mapped points associated with each of 12 social value
types.

4. The model identifies the most highly valued social value type as well as the location it is most
highly valued.



5. The model completes processing and provides the user with average nearest neighbor statistics.
The user starts the Value Mapping Model and selects a social value type.

7. The model uses the most highly valued social value type to normalize the kernel density surface
of the selected social value type and standardizes the calculated surface to produce the Value
Index.

8. The model calculates landscape metrics using the Value Index surface and presents the Value
Index map and landscape metrics to the user in a composite report.

The Value Transfer Mapping Model operates separately from the other models by relying on
regression coefficients derived from primary survey data rather than survey data itself:

1. The user starts the Value Transfer Mapping Model and selects a public use, an attitude or
preference regarding that use, and a social value type.

2. Based on the user’s selections, the model retrieves the appropriate regression coefficients
associated with each landscape data layer.

3. Using map algebra, the model applies the retrieved regression coefficients to their corresponding
landscape data layers.

The model reclassifies the resulting surface to produce the Value Index.

5. The model calculates landscape metrics using the Value Index surface and presents the Value
Index map and landscape metrics to the user in a composite report.

Hardware and Software Requirements

SolVES requires the ESRI® ArcGIS 9.3 software and the Spatial Analyst Extension for working
with grid-based data. SolVES is available as a custom toolbar that must be installed in ArcMap. SolVES
was designed on systems running Microsoft® Windows XP Professional Edition but should function
with any operating system supported by ArcGIS 9.3. The time required to process each of the SoIVES
models will vary depending on factors including processor speed and the extent of the study area.

Installation

IMPORTANT NOTE: Installation requires the user to have administrative privileges on their
local machine.

1. Download the SolVES.zip file from the SoIVES website http://solves.cr.usgs.gov and place it in
a temp directory on your machine.

2. Unzip the file to the temp directory.
3. Run the SolvesSetup.msi installation file by double clicking.
Click Next on the Welcome to the SolvesSetup Setup Wizard screen (fig. 2).


http://solves.cr.usgs.gov/�

i SolvesSetu p_v1

Welcome to the SolvesSetup_V1 Setup Wizard

The installer will guide vou through the steps required to install S olvesSetup_v1 on pour computer.

WARMING: This computer program iz protected by copyright law and international treaties.
Unauthorized duplication or digtribution of this program, or any portion of it, may result in severe civil
or criminal penalties, and will be progecuted to the masximum extent pozsible under the law.

Figure 2. Welcome Setup Wizard screen.

5. On the Select Installation Folder screen, use the default folder or select a new one (fig. 3).
6. Select the radio button next to Everyone.
7. Click Next on the Select Installation Folder screen.

i SolvesSetu p_V1

Select Installation Folder

The inztaller will install SolvesSetup_ 1 ta the fallowing folder.
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C:\Program Files [#86)\MicrosofthS alvesSetup_ 1% Browse...
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Cancel ] [ < Back ] [ Mest >

Figure 3.  Select installation folder.



8. Click Next on the Confirm Installation screen (fig. 4).

i SolvesSetu p_v1

Confirm Installation

The installer is ready to install SolvesSetup_Y¥1 on your computer,
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Figure 4.  Confirm installation.

9. Wait while the tool is being installed (fig. 5).
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Figure 5. Installation in progress.




10. Click Close on the Installation Complete screen after the tool has been installed (fig. 6).
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Installation Complete
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Click. "Cloge" to exit.
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Figure 6. Installation complete.



Adding SolVES Toolbar to ArcMap

1. Open ArcMap.
2. Choose Tools -> Extensions from menu.
3. Click on Spatial Analyst Extension (fig. 7).

Extensions

Select the extenszions you want to use,

30 Analyst

ArcScan

[ ata Interoperability
Geostatistical Analyst
Maplex

Metwark, &nalyst
Fublizher
Schematics

Spahial &nalyst
Surven Analyst
Survey Editor
Cadasztral Editor
Tracking &nalyst
T oolz Pro

OdrROOO0O0O0O0O0O

o

Dezcription:

Spatial &nalpst 9.3
Copunight ©1333-2003 ESRI Inc. All Rights Reserved

Frovides spatial analysiz tools for use with raster and feature data.
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Figure 7.  Extensions form.

4. Close the Extensions form.
5. Choose Tools -> Customize from menu.
6. Click on SolVES Toolbar (fig. 8).
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Figure 8.  Customize form.

7. Close the Customize form.
8. The SolVES toolbar will be added to ArcMap.
9. Place the tool in the menu area of ArcMap (fig. 9).

% Untitled - ArcMap - Arcinfo

File Edit View Bookmarks Insert Selection Tools Window Help

DEE& & 2@%|o |3 d|hg|@ag;o.|<?szES-‘)
x|
=] overs|
Display ISoulceI Selectionl ’? R I
|_|828 973,333 Unknown Units

Figure 9.  SolVES toolbar visible in ArcMap.

10



Data Installation

1. Copy the Eco_Serv_Soc Values folder to a directory on your machine.

2. If you have a correctly formatted file geodatabase to be used with the tool, load it into the Data
folder contained within the Eco_Serv_Soc Values folder copied to your machine to make it
available to SolVES. (Please see the sections, Data Requirements and File Management
including fig. 10, for information regarding formatting requirements and the SolVES directory
structure.)

IMPORTANT NOTE: SolVES comes with two pre-loaded file geodatabases for demonstration
purposes. One of these databases includes the survey data provided by CSU covering the Pike and San
Isabel National Forests (PSI) along with landscape data for the area and is for use with the Ecosystem
Services Social Values and Value Mapping Models. The other database includes landscape data
covering Grand County, Colorado, and is for use with the Value Transfer Mapping Model. To use
SolVES with the data from one of these file geodatabases, copy the file geodatabase from either
the PSI or Grand_County folder to the Data folder to make the data accessible.

Data Requirements

SolVES uses various geospatial and tabular data that may be obtained in a variety of ArcGIS
supported formats including coverages, shapefiles, grids, spreadsheet files, and so forth. For use with
SolVES, these data must all be imported into a file geodatabase format. Instructions on how to import to
the file geodatabases format can be found in the section, Source File Geodatabase Format. The
remainder of this section describes the data required for the Ecosystem Services Social Values Model,
the Value Mapping Model, and the Value Transfer Mapping Model.

Landscape Data

The required landscape data are necessary for the calculation of landscape metrics by the Value
Mapping Model and the Value Transfer Mapping Model. Additionally, the Value Transfer Mapping
Model uses some of these landscape data to generate predicted social value maps. All required
landscape data must be at 30-m spatial resolution.

e Digital Elevation Model (DEM) — The DEM used for initial development of SolVES was
downloaded from the Southwest Regional Gap Analysis Project (SWReGAP) website.
http://fws-nmcfwru.nmsu.edu/swregap/habitatreview/model_attributes.htm
Some alternative sites for obtaining a DEM include the following:
http://seamless.usgs.gov/
http://datagateway.nrcs.usda.gov/

e Slope — A slope data layer (calculated as percent slope) can be derived from the DEM using the
Slope surface analysis tool included in the ArcGIS Spatial Analyst extension.

e Distance to Roads (DTR) — DTR data, representing the Euclidian distance, in meters, to the
nearest road (Watts and others, 2007) can be downloaded from The Road Indicator Project
(TRIP) National Overview Road Metric Euclidian Distance (NORM ED) website:
http://rmgsc.cr.usgs.gov/trip/data/

e Distance to Water (DTW) — DTW data are derivable from geodatabases downloaded from the
National Hydrography Dataset (NHD) viewer website:
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http://nhdgeo.usgs.gov/viewer.htm

IMPORTANT NOTE: The Euclidian Distance tool, for calculating the shortest straight-line
distance, included in the ArcGIS Spatial Analyst extension should be used to calculate the
distance, in meters, from features representing lakes, ponds, rivers, streams, and springs. The
NHD data provide the water features in separate point, line, and polygon feature classes
requiring the distance to be calculated separately for each feature type. Once each of the distance
grids have been calculated, the Spatial Analyst Cell Statistics tool should then be used to select
the minimum distance value at each grid cell to produce the final DTW raster. This will result in
a DTW grid indicating the distance of each cell to the nearest water feature.

e Landcover — The landcover data used for initial development of SolIVES were downloaded from
the SWReGAP website:
http://earth.gis.usu.edu/swgap/landcover.html
Some alternative sites for obtaining landcover data include the following:
http://seamless.usgs.gov/
http://datagateway.nrcs.usda.gov/

e Landform — The landform data used for initial development of SolVES were downloaded from
the SWReGAP website:
http://fwsnmcfwru.nmsu.edu/swregap/habitatreview/model_attributes.htm
The landform data were previously categorized by SWReGAP based on DEM-derived slope and
aspect data.

e Hillshade — A hillshade data layer can be derived from the DEM using the Spatial Analyst
Hillshade surface analysis tool. It is used to provide a grayscale background for the social value
map layouts generated by SolVES.

Survey Data

Specifically formatted attitude and preference survey response data are required in order to use
SolVES’ Ecosystem Services Social Values Model and Value Mapping Model. These data are not
required, however, if only using the Value Transfer Mapping Model. The format of these data are based
on survey results obtained by Clement and Cheng (2006) that, in turn, are based on collection
procedures described by Brown and others (2002).

SolVES was initially developed based on a random mail survey of 2,000 households located
within 45 miles of the PSI conducted in late 2004 and early 2005 (Clement and Cheng, 2006). The
response rate was approximately 33 percent, with 684 surveys returned. The survey was divided into
five sections. Section 1 requested information regarding each respondent’s familiarity with the PSI such
as when and how often they visited, if they derived any income from the PSI, and their interest level in
what happens to the PSI in the next 10 to 15 years. Section 2 requested respondents to indicate whether
they favored or opposed each of 18 public uses of the PSI such as logging for wood products, motorized
recreation, and wilderness. Section 3 allowed respondents to indicate their views regarding various
issues impacting the PSI such as the extent and purpose of road building and logging, reservoir
development, and tradeoffs between recreational use and environmental quality. The first part of section
4 (4a) requested respondents to allocate or “spend” $100 among 12 different social value types
associated with the PSI. While dollar units were used for convenience to express value denominations
(for example, points could have been used instead of dollars), it was explained in the survey instructions
that this was not a reference to any actual money, either the respondents’ or the Forest Service’s. Once
the allocation exercise was completed, respondents were then instructed in the second part of section 4
(4b) to hand-mark points (later digitized into a geographic data layer) on a series of maps of the PSI
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corresponding to the social value types to which they had allocated dollars. If the respondent had
allocated dollars to Aesthetic value, for example, they were to place a mark or marks on the map at up to
four locations indicating Aesthetic, and label and number each mark accordingly. Of the 684 surveys
returned, the mapping section was completed for 55 percent of them. Finally, section 5 of the survey
requested various demographic and socioeconomic information from each respondent.

For the current version of SoIVES, the only required data are from survey sections 2, 4a, and 4b,
although future versions of SolVES may use data from the other survey sections. To use your own
survey data with SolVES, the following minimal survey structural requirements must be met. Surveys
designed to collect data containing the specific elements described below, even if not otherwise
designed as the PSI survey, can be used with SolVES. Again, survey data are not required if only using
the Value Transfer Mapping Model.

IMPORTANT NOTE: If you are using your own survey data, you must assign a unique
identifier (Survey ID), an integer value, to each returned survey in order to distinguish each survey and
to relate its separate sections. See the section, Source File Geodatabase Format, for additional details
regarding the location of the unique indentifier within the geodatabase schema.

e Public Uses (from survey section 2) — SOIVES supports data collected regarding the following
types of public uses (table 1) that include responses as to whether or not the public use is favored
or opposed structured as an integer range from 1 to 5 (table 2). If your survey responses are
structured to only include Favor or Oppose options, setting Favor values to 2 and Oppose values
to 4 will make the responses compatible with SoIVES, although the labeling of output will still
include references to Strongly Favor and Strongly Oppose.

Table 1. Public uses supported by SolVES.

Public Use
Commerical Mining
Commericial Outfitting and Guiding
Communication Sites and Utility Easements
Fish and Wildlife Habitat
Gathering Forest Products
Helicopter Skiing and Hiking
Logging for Fuels Reduction
Logging for Increased Water Collection
Logging for Wood Products
Motorized Recreation
Nonmotorized Recreation
Oil and Gas Dirillling
Sightseeing
Sport Fishing
Sport Hunting
Wilderness
Wildlife Viewing and Observing
Other

13



Table 2. Attitude or preference integer values supported by SolVES.

Value Allocation (from survey section 4a) — SOIVES supports integer values ranging from 0 to
100 allocated to any of the following 12 social value types as described in the survey (table 3).

Attitude or Preference Integer Value

Strongly Favor 1
Favor 2
No Opinion 3
Oppose 4
Strongly Oppose 5

Table 3. Description of social value types supported by SolVES.

Social Value Type

Description

Aesthetic
Biodiversity

Cultural
Economic
Future
Historic

Intrinsic

Learning

Life Sustaining

I value these forests because I enjoy the scenery, sights, sounds, smells, etc.
I value these forests because they provide a variety of fish, wildlife, plant life, etc.

I value these forests because they are a place for me to continue and pass down the
wisdom and knowledge, traditions, and way of life of my ancestors.

I value these forests because they provide timber, fisheries, minerals, and/or tourism
opportunities such as outfitting and guiding.

I value these forests because they allow future generations to know and experience the
forests as they are now.

I value these forests because they have places and things of natural and human history that
matter to me, others, or the nation.

I value these forests in and of themselves, whether people are present or not.
I value these forests because we can learn about the environment through scientific
observation or experimentation.

I value these forests because they help produce, preserve, clean, and renew air, soil, and
water.

Recreation I value these forests because they provide a place for my favorite outdoor recreation
activities.
Spiritual I value these forests because they are a sacred, religious, or spiritually special place to me
or because I feel reverence and respect for nature there.
Therapeutic I value these forests because they make me feel better, physically and/or mentally.
e Social Value Point Mapping (from survey section 4b) — SolVES supports point layers

representing the digitized points that survey respondents marked on a map or maps of a study
area. Each point must also be identified by a survey respondent as representing one of the 12
social value types described above.
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Other Spatial Data
SolVES also requires the following geospatial data layers (table 4).

Table 4. Other SolVES spatial data requirements.

Layer Name Feature Type Field Description
Study Area Polygon Defines study area boundary.
Extent Polygon Defines rectangular extent of study area.
State Polygon Defines State or States where study area is located.
Counties Polygon An alternative layer to States to define county or counties where study area is located.

(Any other polygon feature layer type appropriate for orienting the study area on the
locator map may be used.)

File Management

Directory Structure
SolVES uses the directory structure illustrated below (fig. 10).

-1 Eco_Serv_Soc_Malues
+-[1 Data
+-_1 Doc

(1 Results

(1 Scratch

+

+

Figure 10.  SolVES directory structure.
Eco Serv_Soc Values is the root directory and contains the elements described below (table 5):

Table 5. Description of the SolVES directory structure.

Folder Name Folder Description

Data This folder holds the required source file geodatabase
“Eco_Soc_Values.gdb” necessary for SolVES to function. All
landscape and survey data will be imported into this database. This
folder also contains graph templates for landscape metrics and a layer
defining the Value Index map color scheme. Folders named PSI and
Grand_County are located inside the Data folder and contain the
sample file geodatabases included with SolVES. For SolVES to work
with either of these sample file geodatabases, one must first be
copied to the Data folder.

Doc SolVES supporting documentation, including a copy of this user
manual, are stored here.

Results All final data SolVES generates are saved here to a file geodatabase.

Scratch All intermediate results that are generated by SolVES are written to
this folder. Most intermediate data are temporarily stored in a file
geodatabases “Scratch.gdb” although some other temporary files are
written to the folder.
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Source File Geodatabase Format
A diagram of the Eco_Soc Values.gdb source file geodatabase is shown below (fig. 11). Most,

but not all, of the data elements shown are currently required for SolVES to function. Each element is
described below including whether or not it is currently required and the specific formatting necessary
for each of the required data elements.

Uses Value_
Allocation

. S
Elev Slope
Stats Stats

|
[

DTR DTW
Stats Stats
———

I

LULC | |Landform|
Stats Stats

[
[

Cluster_
Stats_

Temp

Coeffici-
ents

|
[

Results

GDB Subgroup

|
|

Value
Type

HEEEEE

Familiarity Issues Demographics

Figure 11.  Overview of the Eco_Soc_Values.gdb source file geodatabase.

IMPORTANT NOTE: The sample file geodatabase data layers included with SolVES were all
projected from their native projections to a common Albers Equal Area NAD 83 projection for inclusion
in the source file geodatabases. While you may use any projection suitable to your own geospatial data,
it is CRUCIAL that all of these data share a common projection before completing any geospatial
assessments using SolVES.
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e Landscape Data (Blue, fig. 11): These are all required data having a 30-m spatial resolution
raster format. The required raster names, field names, field data types, and descriptions are listed
below (table 6).

Table 6. Formatting requirements for landscape rasters.

Raster Name Field Names Field Data Type Field Description

DEM VALUE Long Integer Elevation in meters.

Slope VALUE Long Integer Percent slope.

DTR VALUE Long Integer Distance to roads in meters.

DTW VALUE Long Integer Distance to water in meters.

LULC VALUE Long Integer Unique landcover category.
DESCRIPTIO String Textual description of landcover
(note there is no "N" at category.
the end of the field
name)

Landform VALUE Long Integer Unique landform category.
LANDFORM String Textual description of landform

category.
Hillshade VALUE Long Integer Grayscale value.

e Tables (Yellow, fig. 11): These include data from each of the nonspatial survey sections as well
as the tables where landscape metrics calculated by SolVES are written. Table requirements are
listed below (tables 7-9).
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Table 7. Formatting requirements for tables.

Field Data
Table Name Field Names Type Field Description
Survey ID SURVEY ID Long Integer  Primary key for relating separate survey sections.
Uses SURVEY ID Long Integer ~ Primary key for relating separate survey sections.
MINING Long Integer ~Commercial Mining: Attitude or preference survey section 2 response
ranging from 1 to 5 (see table 2).
OUTFITTING Long Integer ~Commercial Outfitting and Guiding: attitude or preference survey
section 2 response ranging from 1 to 5 (see table 2).
COMM UTILITY Long Integer Communication Sites and Utility Easements: attitude or preference
survey section 2 response ranging from 1 to 5 (see table 2).
HABITAT Long Integer  Fish and Wildlife Habitat: attitude or preference survey section 2
response ranging from 1 to 5 (see table 2).
GATHERING Long Integer  Gathering Forest Products: attitude or preference survey section 2
response ranging from 1 to 5 (see table 2).
HELI SKI HIKE  LongInteger Helicopter Skiing and Hiking: attitude or preference survey section 2
response ranging from 1 to 5 (see table 2).
LOG FUEL RED LongInteger Logging for Fuels Reduction: attitude or preference survey section 2
response ranging from 1 to 5 (see table 2).
LOG_WATER Long Integer  Logging for Increased Water Collection: attitude or preference survey
section 2 response ranging from 1 to 5 (see table 2).
LOG_WOOD Long Integer  Logging for Wood Products: attitude or preference survey section 2
response ranging from 1 to 5 (see table 2).
MOTOR Long Integer  Motorized Recreation: attitude or preference survey section 2 response
ranging from 1 to 5 (see table 2).
NON_MOTOR Long Integer Nonmotorized Recreation: attitude or preference survey section 2
response ranging from 1 to 5 (see table 2).
OIL_GAS Long Integer  Oil and Gas Drilling: attitude or preference survey section 2 response
ranging from 1 to 5 (see table 2).
SIGHT SEE Long Integer ~ Sightseeing: attitude or preference survey section 2 response ranging
from 1 to 5 (see table 2).
SPORT_FISH Long Integer  Sport Fishing: attitude or preference survey section 2 response ranging
from 1 to 5 (see table 2).
SPORT _HUNT Long Integer ~ Sport Hunting: attitude or preference survey section 2 response
ranging from 1 to 5 (see table 2).
WILDERNESS Long Integer ~ Wilderness: attitude or preference survey section 2 response ranging
from 1 to 5 (see table 2).
WILDLIFE VIEW Long Integer  Wildlife Viewing and Observing: attitude or preference survey section
2 response ranging from 1 to 5 (see table 2).
OTHER Long Integer  Other: attitude or preference survey section 2 response ranging from 1
to 5 (see table 2).
OTHER NOTES String Optional field to store any notes regarding "Other" uses.
Value Allocation SURVEY ID Long Integer  Primary key for relating separate survey sections.
AMOUNT Long Integer  Value allocation survey section 4a response ranging from 0 to 100.
VALUE TYPE Long Integer  Unique identifer of social value type to which allocation was made

(see table 8).
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Table 8.

Integer values for populating VALUE_TYPE field.

Social Value Type VALUE_TYPE
Aesthetic
Biodiversity
Cultural
Economic
Future

Historic
Intrinsic
Learning

Life Sustaining
Recreation
Spiritual

TS0 W -

—_
[\

Therapeutic

Table 9. Tables not requiring user preparation or interaction.

Table Name Table Description
ElevStats Elevation statistics are written to this table.
SlopeStats Slope statistics are written to this table.

DTRStats DTR statistics are written to this table.
DTWStats DTW statistics are written to this table.
LULCStats Landcover statistics are written to this table.
LandformStats Landform statistics are written to this table.

Cluster Stats Temp

Coefficients

ResultsGBD
Subgroup

ValueType
Familiarity
Issues
Demographics

This is a template table used to generate a table of nearest neighbor statistics measuring
the relative clustering or dispersion of selected mapped points from survey section 4b.
Regression coefficients generated from the multiple regression of landscape metrics that
were significantly correlated with the Value Index in the PSI study area (see fig. 12).
Optional user updates are described in the section, Advanced Options (see table 11).
User-entered public use and attitude or preference parameters used for naming the results
file geodatabase.

User-entered public use and attitude or preference parameters used for labeling social
value map layouts.

User-entered value type parameters used for labeling social value map layouts.

Not currently used by SolVES.
Not currently used by SolVES.
Not currently used by SolVES.
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Attributes of Coefficients

BEX

Record: 1 jl—ljﬂ

46 Oil and Gas Driling
4

Show: W Selected

Records (0 out of 46 Selected)

Options =

| oBsecTin* | VALUE_TYPE | ELEV SLOPE DTR DTW mT ADJ_RSO | ATTITUDE |
] 1 IAI\ Surveys 1] 010180 -1.71894 | 00M1758 o -243.08384 | 0899275 Al Surveys
| 2 Al Surveys 5 0.00555 0 0.0M699 o -19.905101 | 0549215 Al Surveys
o 3 Al Surveys 9| 0023091 | -0453621 001659 o -57 44006 | 0 7EE358 Al Surveys
| 4 Al Surveys 10| 0432788 -2257481| 0021101 -0044459| -305.037161 | 0B45535 Al Surveys
| 5 |Communication Sites and Ltilty Eazements 1) 0433375| -2.967521 0| -0050978| -270.692745) 0.791309 |Favor or Strongly Favor
o 6 Communication Sites and Ltilty Easements 0102533 -0.800035| 0000865 -0.020584 | -255.372075 0878257 |Favor or Strongly Favor
| 7 | Communication Sites and Ltilty Easements 0| 0070787 1] 0| -0106314 -118.37455 0.24781 |Favor or Strongly Favor
- 8 Communication Sites and Ltility Easements 1 0.090234 | -1.035719 0mad 0| -225043409 085515 |Oppose or Strongly Oppose
| 9 Commmunication Sites and Ltilty Easements 2| 0016193 0395329 0020416| -0.011641 -60.883559 085847 |Oppose or Strongly Oppose
| 10 | Communication Sites and Ltility Easements 5| 00453032 0 002151 | -0035613| -138.473607 | 0929893 |Oppose or Strongly Oppose
o 11 Communication Sites and Ltiity Easements 9| 0.020818 0| 0018733 -0.035481 -45109905 | 0513966 | Oppose of Strongly Oppose
| 12 Logging for Fuels Reduction 1 007288 | -0527329| 03778 0| 184754682 | 0860069 Favor or Strongly Favor
- 13 Logaing for Fuels Reduction 2| -0.027611 0 002915 o 668951956 | 0699027 |Favor or Strongly Favor
| 14 Logaing for Fusls Reduction 5| -0.0053249 0| 0020123 a 163958445 0.891869 |Favor or Strongly Favaor
| 15 Logging for Fuels Reduction 9| 0.003043 0| 0020516 a -13.22661 0813543 Favor or Strongly Favor
o 16 Logging for Fuels Reduction 10| 0084744 -2 61052 0| -0051422 108567132 0380385 Favor or Strongly Favor
| 17 Logging for Fuels Reduction 1 0.077285 1] 0| -0058955 168531564 0702132 Oppose or Strongly Oppose
o 18 Looging for Fuels Reduction 2| -0.026537 0| 0013684 o 86505794 | 0.390589 |COppose or Strongly Oppose
o 19 Logaing for Fuels Reduction S| 0103402 0| -0005225 a -284.56055 | 0534073 Oppose of Strongly Oppose
| 20 Logging for Fuels Reduction 9| 0074905 18685408 0015853 0| 179599126 | 0784667 Oppose or Strongly Oppose
o 21 Logaing for Increased WWater Collection 1 0114967 -2.39298 | 0011448 -0.0B9271 | -224 744678 084769 |Favaor or Strongly Favor
| 22 Logging for Increased YWater Collection 9| 00134 0135428 0018411 | -0.074444 -22.94567 | 0596003 Fsvor or Strongly Favor
| 23 Logging for Increased Water Collection 10| 0.042837 | -0394187 000727 | -0.200887 1396715| 0.513673 Favor or Strongly Favar
o 24 Logaing for Increased YWater Collection 1 0.082234 | -1.295184 | 0011067 0| -194.397433| 08539473 Oppose of Strongly Oppose
| 25 Logging for Increased Water Collection 2| 0053418 0086647 | 0014597 -0031232) 142910895 0.541119 Oppose or Strongly Oppose
- 26 Logaing for Increased vater Collection 5 0.01098 0 002401 o -44 342246 | 0845734 | Oppose or Strongly Oppose
| 27 Logaing for Increased Yater Collection 9| 0.0979M 0| 0002155 0| -277.284426| 0751216 | Oppose of Strongly Oppose
| 28 Logging for Viood Products 1| 0090246 0| 0010481 | -0.124427 | 195533356 | 0813891 |Favor or Strongly Favor
o 29 Logaing for Wood Products 2| -0.024055 0| 0035493 0 46763426 | 0.7R5051 |Favor or Strongly Favor
| 30 Logging for Wood Products 5| -0.009002 1] 00142 a 27932236 0.766814 |Favor or Strongly Favor
- 31 Logaing for Wood Products g 0.04655 004088 | 0014954 -0.024932 -131.773926 082165 |Favaor or Strongly Favor
| 32 Logaing for Wood Products 10 0| -3094515 0062753 -0111833 167 403971 0.535986 Favor or Strongly Favor
| 33 Logging for Wood Products 1 0.090526 0| 0010546 0| -257 34674 0.745246 | Oppose or Strongly Oppose
o 34 Logaing for Wood Products 2| -0.048422 0| 0031177 -0.030835 143 469211 0.724091 |Oppose oF Strongly Oppose
| 35 Logging for Wood Products 5 0.ME3 0| 0020335 a -57.012847 | 08947258 | Oppose or Strongly Oppose
o 36 Logaing for Wood Products 9| 0048011 | -0.299723 0MMG09 | -0027402) 123222707 | 08524035 Oppose or Strongly Oppose
o 37 Motorized Recreation 1 0.070262 | -1.100683 0.00507 0| -173.409422 055474 |Favor or Strongly Favor
| 353 Motorized Recreation El -0.0105 0 007349 a 24 761146 0837441 |Favor or Strongly Favor
o 39 Motorized Recreation 10| -D.026219| -1586117 | -0.002265| -0036738 1BE.021475 | 0456334 |Favor or Strongly Favor
| 40 Motorized Recrestion 1 0110906 | -1.968118| 0012946 -0025199| -246.643639 0831577 |Oppose or Strongly Oppose
| 41 Motorized Recreation 9| 0.037335| -0.694386 | 0020404 0 101851934 | 0.900414 | Oppose or Strongly Oppose
o 42 |Qil and Gas Driling 1| 0057464 | -0962671| 0003387| -003405) -205707247 | 0.900146 Favor or Strongly Favor
| 43 | Qil and Gas Driling 10| -D.086901 | -2113563| 0045094 | -0004115| 302295935 0670447 Favor or Strongly Favor
- 44 Qil and Gas Driling 1 0.090619 -1.50435 | 0.015601 0| -220921018| 0903036 | Oppose or Strongly Oppose
| 45 Qil and Gas Driling 5| 0017054 o 07732 a -57 805816 | 0833314 | Oppose of Strongly Oppose
9 005683 | -0613301 | 0011227 0| -149963203| 0.894617 Oppose or Strongly Oppose

Figure 12.

Coefficients table.
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e Feature Class Data (Green, fig. 11): These include the mapped points from section 4b of the
survey as well as various other boundary polygon layers as listed below (table 10).

Table 10. Formatting requirements for feature classes.

Feature Class Name Field Names Field Data Type Field Description
Survey Points SURVEY ID Long Integer Primary key for relating separate survey sections.
VALUE TYPE Long Integer Unique identifer of social value type to which
allocation was made (see table 8).
PLACE NAME  String Optional field for labeling or describing each point.

Study Area - - This is a required polygon feature class representing
the study area boundary. It is used by SolVES as a
mask for spatial analysis as well as for display
purposes. While it must be named “Study Area,”
there are no specific field requirements.

Extent VALUE Short Integer This is a required polygon feature class representing
the rectangular extent of the study area. It is used by
SolVES to prevent boundary effects that negatively
impact the cartographic quality of the social value
maps produced by the Ecosystem Services Social
Values and Value Mapping Models.

State (or Counties) - - This is a required polygon feature class representing
the State or States containing the study area. It is
used by SolVES for display purposes. While it must
be named “State,” there are no specific field
requirements. (Alternatively, a “Counties” feature
layer or other polygon feature layer appropriate for
orienting the study area on a locator map included in
the SolVES map output may be used.)

e Relation Classes (Gray, fig. 11): These define the relation between the various survey sections
using the unique identifier “SURVEY ID” as the primary key. As currently defined by the
survey design, each survey may include only one set of responses in the Familiarity, Uses,
Issues, and Demographics tables (1-1), but multiple responses may be included in the Value
Allocation table and the Survey Points feature class (1-M).

Importing and Loading Data to the Source File Geodatabase

As previously discussed, the landscape and survey data used by SolVES comes from numerous
sources in a variety of formats. Since SolVES was designed to work in conjunction with a file
geodatabase, when supplying your own data, it must be imported or loaded into Eco_Soc_Values.gdb.
Prior to this process, please review the section, Source File Geodatabase Format, to determine how to
properly prepare and format the data you are supplying. Once completed, access ArcCatalog and
navigate to Eco_Soc Values.gdb as shown below (fig. 13). Then complete the following sequence of
instructions.
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=-f3 Eco_Soc_Values.gdb
Cluster_Stats_Termp
Coefficients
+- B DeEm
Demographics
+ 8 oTR
DTRGtats
+- DTw
DTWWStats
ElevStats
Estent
Familiarity
B Hillshade
Issues
# Landform
Landfor mStats
Lo
LULCStats
ResultsGDE
# slope
SlopeStats
State
Study_Area
Subgraup
Survey_ID
% Survey_ID_to_allacation
% Survey_ID_to_Dernagraphics

2 Survey_ID_to_Familiarity

2 Survey_ID_to_lssues

2 Survey_ID_to_Points
2 Survey_ID_to_Uses

¥

¥

.

+

[ survey_Paints
Uses
Yalue_allocation
YaluaType

Figure 13. Eco_Soc_Values.gdb as seen in ArcCatalog.

1.

If you will be supplying your own data, you will need to delete some of the existing data from
Eco _Soc Values.gdb. You may wish to begin by backing up the supplied geodatabase by
copying it to some other location.

Delete (by right clicking on each and selecting Delete) the following raster data:

DEM
DTR
DTW
Hillshade
Landform
LULC
Slope

Delete the following feature classes:

e Extent
e Study Area

Delete the CONTENTS of the following feature class and tables NOT the feature class and
tables themselves. You do not want to delete them as it will remove the relation defined between
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them and the Survey ID table. This deletion can be accomplished through ArcCatalog by using
the Delete Rows tool located in the Table toolset under Data Management Tools and navigating
to the table or feature class as shown below (fig. 14). (This step may be skipped if you will only
be using the Value Transfer Mapping Model in your study area.)

Figure 14.

Survey Points
Uses
Value Allocation

P

Input Rows

[ DriEco_Serv_soc_valuesiDatalEca_Sor_Yalues.gdb\Survey_Points

&

Input Rows

Lok in: |E] Eco_Soc_Values.gdb

= = @

=] Landfor mStats
EElLULCStats
ElResultsGDB
ElSlopestats

Bl state

El study_srea

EEl Subgroup

Elsurvey_ID

124 Survey_ID_to_Allacation

<

¥ Survey_ID_to_Demographics
=, Survey_ID_to_Familiarity
D‘&SurveijftDJssuea

2 Survey_ID_to_Points
%Survay71D7m7Usas
CHSurvey, Points]

FHuzes

[Elvalue_aliocation
ElvaleType

Hane: [Surves o

Show of ypes [ fiters listed

J=1

Add

Cancel

v

Using the Delete Rows tool.

Canicel

Environments.. . Show Help >

5. Import each of your rasters replacing those deleted in step 2 into Eco_Soc_Values.gdb by right
clicking on Eco_Soc_Values.gdb, selecting import, and then selecting Raster Datasets as shown
below (fig. 15). You can then navigate to where your prepared rasters are stored, select them all
and complete the import in a single process.

Figure 15.

el | Eco_Soc_‘alues.g

Cluster_Stats_ Copy crie
Coefficients

- DEM X Delete
Demographics Rename Fz

+ @ oTR 2 Refresh
DTRStats —

- oTw Lty D
DTWStats — »
ElevStats
Extent Export 4
Farmiliarity Compress File Geodatabase. ..

+-# Hillshade Uncompress File Geodatabase...

il ILSaS:;FSDrm E] Compact Database
LandformStats @, Search..,

+ tﬂtgstats 27 Publish to ArciGIS Server..,
RecultsGDE Distributed Geodatabase »

+-E Slope Properties...
[EE1 ClmmmTrbmin

Feature Class (single)...

Eeature Class (multiple)...

Table (single)...

Tahle (multiple)...

Raster Datasets...

Raster Datasets ({mosaic)... %

@e ML Workspace Docurment.,..

Importing rasters in ArcCatalog.
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6. Import each of your feature classes replacing those deleted in step 3 by right clicking on
Eco Soc Values.gdb, selecting import, and then selecting Feature Class (multiple). You can
then navigate to where your prepared feature classes are stored, select them all, and complete the
import in a single process.

7. Load your records that will replace the previous contents of the Survey Points feature class and
the Uses and Value Allocation tables by right clicking on each, selecting Load, selecting Load
Data, and following the Simple Data Loader Wizard instructions as shown below (fig. 16). You
will need to repeat this process separately for the feature class and each of the tables. Once
loading is completed, you can run SolVES using your own data.

-,

rSimple Data Loader N ﬁ

i

This wizard will help vou load data
from a shape File, coverage Feature
class, geodatabase Feature dlass,
dBASE, INFO or geodatabase table
into an existing Featureclass or
table in a geodatabase,

[ Skip this screen in the Future:

| Mext = | Cancel

Figure 16.  Simple Data Loader Wizard.

Intermediate and Final Output

Intermediate data are written to a file geodatabase named Scratch.gdb located in the Scratch
folder under the root directory. Each time SolVES is run, Scratch.gdb is overwritten.

Final output are written to a file geodatabase located in the Results folder under the root
directory. Each time SolVES is run, a separate file geodatabase is generated with a name derived from
the user-entered parameters from either the Ecosystem Services Social Values Model or the Value
Transfer Mapping Model.

Results geodatabases generated by the Ecosystem Services Social Values Model use the naming
convention of the Uses table field name (see table 7) for the selected public use followed by either
“FAVOR” or “OPPOSE.” For example, if the user-selected public use parameter is Motorized
Recreation and the attitude or preference parameter is Oppose or Strongly Oppose, then the results
geodatabases will have the name: “MOTOR_OPPOSE.gdb.” Each social value map raster subsequently
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generated by the Value Mapping Model will be named according to the user-selected social value type
parameter. For example, the Aesthetic social value map raster will be named “Aesthetic.”

The Value Transfer Mapping Model generates a separate geodatabase for each public use,
attitude or preference, and social value type rather than storing all social value maps in a single file
geodatabase. The naming convention used by the Value Transfer Mapping Model begins the same as
that for the Ecosystem Services Social Values Mapping Model, but the name is appended with “VT[#]”
with VT standing for value transfer and the [#] being an integer value from 1 to 12 corresponding to the
user-selected social value type (see table 8). Using the same parameters from the previous paragraph,
the geodatabase would then have the name: “MOTOR_OPPOSE VTI1.gdb”.

The contents of a results geodatabase generated by the Ecosystem Services Social Values Model
using the example parameters from above are shown below (fig. 17). It contains not only the Value
Index raster for the selected social value type (Aesthetic), but also the landscape metrics for the selected
social value type (for example, AestheticDTR Stats), and all of the points (PointsSelect) and value
allocations (ValueAllocationSelect) associated with the survey group opposed or strongly opposed to
motorized recreation. You will also notice a second Value Index raster and set of landscape metrics that
include “100” in their names. These data represent an additional calculation of the Value Index and
associated metrics on a 100-point rather than a 10-point scale. The purpose of these 100-point datasets is
to provide a larger number of data points for statistical analyses of the relation between the Value Index
and the landscape metrics.

- 3 MOTOR_OPPOSE. gdb:

+-F sesthetic

+-E Aesthetic100
Aestheticl00DTRStats
Aesthetic 1000 TWStats
Aesthetic100ElevStats
sesthetic100SlopeStats
AestheticDTRStats
AestheticDTWStats
AestheticElevstats
AestheticLandfor marea
AestheticLandformStats
sestheticLULCArea
AestheticLULCStats
AestheticSlopeStats
ClusterStats
] PointsSelect
YaluesllocationSelect

Figure 17. Sample contents of a results geodatabase.
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Project Setup

1. To begin using SolVES, a new project will need to be started by selecting Project Setup and
New SolVES Project from the toolbar as shown below (fig. 18).

SolVES -
Project Sefup 4 Mew SolvES Project [
Yalue Mapping »

Yalue Transfer Mapping  »

Figure 18.  Starting a new SolVES project.

2. Once the Project Setup form is opened, navigate to wherever the Eco_Serv_Soc_Values root
directory is located to set the Home Directory (fig. 19).

b

= 4§ My Computer BN
7 b 3= Floppy (40
# S Local Disk {1
5 = e Local Disk (D)
# ) Data
= 3 Eco_Serv_Soc_“alues
+ ) Data
I Doc
1) Results
I Seratch
I Seripts
+ () MastersProjectSuff
Locatorl # 53 madownld.trmp
F 3 MSOCache

T e | Oral Misk (FY

Take Mew Folder oK ] ’ Cancel

Lc

Lancel |

Figure 19. Navigating to the Home Directory from the Project Setup form.

Enter a Forest Name for your study area (fig. 20).

By default, SolVES locates the Study Area polygon in the source file geodatabase.
Enter a Study Area Name. This may be the same as the Forest Name.

By default, SoIVES locates the Hillshade raster that will serve as the map background.
Enter a Hillshade Name.

N kW
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8. By default, SoIVES locates the State polygon feature class in the source file geodatabase to use
as the Locator Boundary for the locator map on the SolVES map layout. Alternatively, you may
select the Counties feature layer to serve as the boundary or any other suitable polygon feature
layer you have loaded into the source file geodatabase.

9. Enter a Locator Boundary Name (for example, the name of the State or States in which the study
area is located).

10. Select OK.

Project Setup E

Home Directory |D:\Eco_Serv_Soc_\-"aIues =

Forest Mame |F‘ike ahd San lzabel M ational Forests

Study Area |Sludy_,mea j
Study AreaMame |Pike and San lsabel Mational Forests
Hillshade |Hilshade 0

Hillshade Mame  |Hilshade

Locator Bounday |State j

Locator Boundary Hame |Coloradd

’Tl Cancel

Figure 20. A completed Project Setup form.
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11. At this point, a map layout is generated as shown below (fig. 21). The Ecosystem Services
Social Values Model may now be run followed by the Value Mapping Model, or alternatively,
the Value Transfer Mapping Model may be run.
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Figure 21. A map layout generated during project setup.

Ecosystem Services Social Values Model

1. The Ecosystem Services Social Values Model is run by selecting Value Mapping and then
Ecosystem Services Social Values Model from the toolbar as shown below (fig. 22).

SolvES
l Project Sehp L4
Yalue Mapping 4 Ecosystem Services Social Yalues Model

Yalue Transfer Mapping  » value Mapping Model

Figure 22. Selecting the Ecosystem Services Social Values Model.

2. The form that opens as shown below (fig. 23) provides a description of the model in the help
window. If the help window is not visible, click on the Show Help/Hide Help button at the
bottom of the form. More detailed information describing each model can also be accessed by
clicking on the Tool Help button.
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== ESSV Model

B= X

Public Uze [Dptional)

Attitude or Preference [Optional]

Ecozpstem Services Social Walues Model

The Ecozystem Services Somal Walues Model workes in conmunction
with the W alug Mapping Model to generate Walue Index maps and
lahidzcape metrics descrbing the location and attibutes of areas
that zelected survey respondents walue for reasons such as
aesthetics, biodiversity, or recreation. The Ecospstem Services
Social Values Model must be proceszses before the W alue Mapping
todel iz uzed. It allows for the zelection of a particular public uze
and an attitude or preference regarding that use for a subgroup of
survey respondents. [ no use and atittude or preference are
selected, the model will o for all survey respondents; howewver, if
either the public uze or the attitude or preference parareter iz
selected, then both must be selected. Once the model finishes
processing, a table named ClusterStats can be accessed through
the Archdap table of contents Source tab, The table includes
average nearest neighbor statistics for each of the 12 zocial value
twpez. The user can uze these statistics to identify zpecific social
walue tpes they would ke to examing uzing the Walue Mapping
todel, The Y alue Mapping Model can be proceszed repeatediy for
each zocial value type of interest. For additional infarmation
regarding the Ecozystern Services Social Values Model, zelect the
"Tool Help" buttan ar consult the SolVES user manual.

Fiun Model ‘

Tool Help ‘

Figure 23. Parameter selection form for the Ecosystem Services Social Values Model.

3. When the Public Use dropdown box is selected, a list of available public uses is displayed in the
help window to assist with selecting a public use for analysis. Make your selection from these

choices.

4. Select the Attitude or Preference dropdown box and choose the desired attitude or preference
regarding the selected use.

5. Select OK and the model will process as shown below (fig. 24). Please note that the ArcMap

document layout will not be visible while the model is processing.

IMPORTANT NOTE: The Public Use and Attitude or Preference parameters have been
designated as optional so that social value maps may also be generated for all survey respondents.
Please keep in mind that these parameters are conditionally optional, meaning that either both or neither

of them must be selected.
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SQL = Use and Attitude Weighted Maximum Maximum
1 Kernel DenS|ty Weighted Density Grid

S e

Cultural

Etc.

Figure 24. Ecosystem Services Social Values Model process steps.

The public-use and attitude parameters are converted to a SQL statement, which is then used to
select the mapped survey points from that subgroup of survey respondents. Kernel density surfaces
weighted by the total value amount allocated to each social value type by the survey subgroup are
generated for each of the 12 social value types. The maximum density value for each social value type
(as indicated by colored grid cells in fig. 24) is identified, and a constant grid composed entirely of that
value is generated. Finally, the constant grid containing the highest overall value is selected from among
the 12 social value types. This “Maximum Grid” will be used by the Value Mapping Model to
normalize the kernel density surfaces and ultimately generate a Value Index map.

IMPORTANT NOTE: The kernel density surfaces are generated following a methodology
similar to that of Alessa and others (2008) in their mapping of social-ecological hotspots on Alaska’s
Kenai Peninsula. As opposed to simple point density, the basis of kernel density is a quadratic kernel
function (Silverman, 1986). This function defines a smoothly curved surface fit over each point and
extending out to a defined search radius. The volume below each surface is equal to the weight assigned
to the point. Given the similar spatial extents of the two study areas, the kernel density search-radius
parameter of 5,000 m used by Alessa and others (2008) was also used for the initial development of
SolVES. The kernel density output cell-size parameter was set to 450 m as determined from the
approximate scale of the original survey maps, 1:400,000 to 1:500,000. It was assumed that survey
respondents could resolve the locations they marked on the maps to at best 450 m. This was near the
500-m cell size selected by Alessa and others (2008) but provided for cells that would align with 15 x
15 arrays of the 30-m rasters from which landscape metrics are calculated. The search-radius and output
cell-size parameters are not adjustable in the current version of SolVES. Obviously, this might affect
SolVES results as it is used in study areas of varying sizes. Particularly, the resolution of the spatial and
statistical results may be at larger or smaller scales than desired. Future versions of SolVES will address
the need for flexibility in setting kernel density parameters.

To assist with the selection of social value types for further analysis by the Value Mapping
Model, the Ecosystem Services Social Values Model generates average nearest neighbor statistics
describing the relative dispersion, clustering, or randomness of the mapped points. Following the
example of Clement (2006) and Brown and others (2002), the point data are subjected to Completely
Spatially Random (CSR) hypothesis testing through the calculation of average nearest neighbor
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statistics. The ratio of the observed distance between points to the expected distance between points, or
R value, along with each R value’s number of standard deviations from the mean, or Z score, identify
point patterns for which statistically significant clustering is observed. Such clustering is described by R
values of less than 1 having highly negative Z scores. These statistics can be used to limit a user’s focus
to social value types occupying locations with specific levels of significance on the landscape as
determined by the selected survey subgroup. Users may, of course, for various reasons want to also
examine some of the more randomly distributed social value types, but the average nearest neighbor
statistics provide an initial indication of the social value maps that will likely display the most intensely
valued hotspots as measured by the Value Index.

To view these statistics, select the Source tab from the ArcMap table of contents and then locate
and open the “ClusterStats” table. As shown below (fig. 25), the table includes the name of each social
value type along with its number of mapped points (N_Count), its R value (R_Score), and its Z score
(Z_Score).

Attributes of ClusterStats Q@
| OBJECTID * Value_Type | H_Count | R_Score | i‘ﬁScore |
PI 1| Aesthetic 325 0295224 =24 203
- 2 |Bindiversity 134 0307258 15341046
| 3 Culttural 36| 0.B96639 -3.482103
o 4 |Economic 21 0919535 -0.702766
- 5 |Future 141 0332182 15170444
| B |Hiztoric 41 0.Es017a -4.285182
o 7 |Intrinzic ] 0.38052 -9.839477
- g |Learning 46 054662 -5.85264
| 9 |Life Sustaining 143 0361609 -14 604477
o 10 |Recreation 163 038227 16651934
= 11 [ Spiritual 55| 0453655 7751334
- 12 | Therapeutic 77 0499341 -5.396234
Record:ﬂj 1 jﬂ Shiow; W Selected Recordsj

Figure 25. Average nearest neighbor statistics calculated by the Ecosystem Services Social Values Model.

Value Mapping Model
After the Ecosystem Services Social Value Model has processed a survey subgroup, the Value

Mapping Model may be repeatedly run for any number of the social value types.

1. The model is run by selecting Value Mapping and Value Mapping from the SolVES toolbar as
shown below (fig. 26).

SolVES +
] Project Setup 4
Value Mapping » Ecosystem Services Social Walues Maodel

Yalue Transfer Mapping  » Yalue Mapping Model

Figure 26. Selecting the Value Mapping Model.
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2. The Value Mapping Model form as shown below (fig. 27) is then opened providing a dropdown
box for selecting social value types and a help window describing the model.

== Value Mapping Model N g@ﬁ

Yalue Mapping Modél

Walue Type The % alue Mapping Model can only be processed after processing

ﬂ the Ecozystemn Services Social Walues Model The Walue Mapping
Model can be processed repeatedly to generate Value Index maps
and landzcape metrics for the 12 social value types associated
with the subgroup of survey respondents zelected using the
Ecosyztem Services Social Walues Model, For additional
information regarding the ¥ alue Mapping Model, zelect the "'T ool
Help" button or conzult the SofES uzer manual,

Run Model ‘ Cancel ‘ Hide Help | Taol Help ‘

Figure 27. Parameter selection form for the Value Mapping Model.

3. Upon selection of the Value Type dropdown box, a list of the available social value types along
with their descriptions will appear in the help window.

4. Make a selection from the Value Type dropdown box and select OK. The model will process as
shown below (fig. 28). Please note that the ArcMap document layout will not be visible while
the model is processing.
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Figure 28. Value Mapping Model process steps.

The selected Value Type parameter is converted to a SQL statement that is then used to select
the Kernel Density Grid that was generated for the selected social value type by the Ecosystem Services
Social Values Model. The selected kernel density grid is then divided by the “Maximum Grid”
generated by the Ecosystem Services Social Values Model. The normalized grid is then standardized
into the 10-point Value Index integer grid, which is then added to the ArcMap layout. As a result of
normalization to the Maximum Grid, the value of every cell on every weighted kernel density surface is
scaled relative to the most highly valued geographic location and to the most highly valued social value
type as rated by the selected survey subgroup. The Value Index can be used to measure and compare the
magnitude of value differences within and among survey subgroups as well as to produce social value
maps and associated landscape metrics. The higher the value attained on the Value Index by a social
value type within a survey subgroup, the more highly it is valued by that survey subgroup. Within a
single survey subgroup, a social value type that attains a 10 on the Value Index corresponds to one or
more locations within the study area where that survey subgroup values that social value type more
highly than at any other location and more highly than any of the other value types regardless of
location. For social value types that attain less than a 10 on the Value Index, the maximum index value
that they do attain (9, 8, 7, and so forth) corresponds to locations where that social value type is valued
more highly than at any other location. Among survey subgroups, the maximum attained index value
can be used to make some general comparisons regarding the relative value each subgroup places on a
social value type.

The Value Index is also used as a zone-defining layer to calculate zonal statistics from the
landscape data layers. These statistics are presented as the landscape metrics in the ArcMap layout. An
example of Value Mapping Model output is shown below (fig. 29).
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Figure 29. Sample output from the Value Mapping Model.

IMPORTANT NOTE: As the Value Mapping Model generates each social value map and
landscape metric layout, access the ArcMap File menu, select Export Map, and select a file format such
as PDF or JPG to save a copy of the map layout. You should provide each exported file with a unique
name describing the survey subgroup and social value type it includes for future reference. The map
layout may be manually rearranged prior to exporting to better fit the content and orientation of the
output from various study areas. The ArcMap document file itself (.mxd) should not be saved with the
intent of preserving a specific map layout since SolVES currently overwrites the source tables for the
landscape metrics each time the model is run.

Value Transfer Mapping Model

The Value Transfer Mapping Model can be used when primary survey data are unavailable for a
study area or to complement existing survey data. It relies on regression coefficients generated by an
analysis of the results produced from applying SolVES to the PSI survey data. These coefficients are
stored in the Coefficients table in the source file geodatabase.

1. The Value Transfer Mapping Model is accessed by selecting Value Transfer Mapping and Value
Transfer Mapping from the SolVES toolbar (fig. 30).
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SalvES =

Project Setup 3
Yalue Mapping 2
Yalue Transfer Mapping b Yalue Transfer Mapping Model

Figure 30. Selecting the Value Transfer Mapping Model.

Like the other models, the form that opens provides a series of dropdown boxes for selecting
Public Use, Attitude or Preference, and Value Type parameters along with a help window to provide a
description of the model as well as each parameter (fig. 31).

! Yalue Transfer Model g@ﬁ

Yalue Transfer Mapping Model

Public Uze [Optional) The % alue Transfer Mapping Model applies regression coefficients

| ﬂ calculated from the multiple regrezsion of the Walue [ndes with
warious landscape metrics to produce predicted ' alue Indexs maps

for areaz where public attititude and preference survey data are not

A ; available. For additional information regarding the alue Transfer

Atitude o Preference (Optianal] i apping Model, select the "Tool Help" button or consult the

| ﬂ SolVES user manual

Yalue Type

| [

Fun Model | Cancel | Hide Help | ToolHeip |

Figure 31. Parameter selection form for the Value Transfer Mapping Model.

2. After making your selections for each of the three parameters (or just the Value Type parameter
if a social value map for all survey respondents is desired), select OK. The model will process as
shown below (fig. 32). Please note that the ArcMap document layout will not be visible while
the model is processing.
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Figure 32. Value Transfer Mapping Model process steps.

The selected parameters are converted to a SQL statement that is then used to select the
matching coefficients from the Coefficients table. The coefficients are then applied to their respective
landscape data layers by a weighted sum calculation. The resulting grid is then reclassified into the 10-
point Value Index grid, which is then displayed in the ArcMap layout and used to calculate landscape
metrics. An example of the Value Transfer Mapping Model output is shown below (fig. 33). In this
example, SolVES was applied in Grand County, Colorado, immediately north of the PSI from which the
coefficients were derived.
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Figure 33. Sample output from the Value Transfer Mapping Model.

IMPORTANT NOTE: As the Value Transfer Mapping Model is processed for each social value
type to produce a social value map and landscape metric layout, access the ArcMap File menu, select
Export Map, and select a file format such as PDF or JPG to save a copy of the map layout. You should
provide each exported file with a unique name describing the survey subgroup and social value type it
includes for future reference. The ArcMap document file itself (.mxd) should not be saved with the
intent of preserving a specific map layout since SoIVES currently overwrites the source tables for the
landscape metrics each time the model is run.

IMPORTANT NOTE: The current version of SolVES calculates landscape metrics for elevation,
slope, distance to roads, and distance to water. It should be kept in mind, however, that these data were
included in the multiple regressions that generated the coefficients the Value Transfer Mapping Model
uses to produce social value maps. Consequently, there is likely little new information to be obtained
from the metrics for these landscape data layers. Since the landcover and landform metrics were not
included in these multiple regressions, the dominant landcover and landform metrics generated by the
Value Transfer Mapping Model might prove more informative.

IMPORTANT NOTE: The reclassification of the weighted sum grid to produce the Value Index
will likely result in a range of values that is larger than that of the 10-point scale being collapsed into the
Value Index. Any negative values are reclassified to 0, whereas any values greater than 10 are
reclassified as 10. Additionally, the current method used by the Value Transfer Mapping Model does
not allow for the same type of relative value comparisons between social value types and survey
subgroups as the other models since the maximum index value is always 10. As future versions of
SolVES are developed, alternatives for generating the Value Index for predicted social value maps will
be investigated to take these factors into account.
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Advanced Options

Adding or Changing Regression Coefficients

All regression coefficients stored in the Coefficients table and used by the Value Transfer
Mapping Model were derived from the PSI survey data that were the subject of a case study analysis of
SolVES output. Consequently, the coefficients are most appropriate for performing value transfer to
study areas with physical and social similarities to the PSI. The existing coefficients were generated
using the Microsoft® Office Excel 2003 Analysis ToolPak.

Users may wish to add to or make changes to the Coefficients table. This may be the result of
factors such as having regression coefficients derived from primary survey data from other study areas,
using more sophisticated software to complete the statistical analyses, or simply wanting to explore how
changes to regression coefficients affects the output of the Value Transfer Mapping Model. It is advised,
however, that you make a backup copy of the Coefficients table prior to making any changes.

The Coefficients table is illustrated in the section, Source File Geodatabase Format (see fig.12).
In addition to the system-updated OBJECTID field, the table includes the fields described below (table
11).

Table 11. Formatting requirements for the Coefficients table.

Field Name Field Data Type Field Description

PUBLIC USE  String The public use related to the regression coefficients. Values
must be entered exactly as they are listed in the section,
Survey Data (see table 1). If the coefficients represent all
surveys, then “All Surveys” must be entered in the field.

VALUE TYPE Long Integer The social value type related to the regression coefficients.
Values must be entered as an integer from 1 to 12 as
described in the section, Source File Geodatabase Format
(see table 8).

ELEV Double The regression coefficient derived from the DEM landscape
data layer. Enter O if this value was not included in the
multiple regression.

SLOPE Double The regression coefficient derived from the Slope landscape
data layer. Enter O if this value was not included in the
multiple regression.

DTR Double The regression coefficient derived from the DTR landscape
data layer. Enter 0 if this value was not included in the
multiple regression.

DTW Double The regression coefficient derived from the DTW landscape
data layer. Enter 0 if this value was not included in the
multiple regression.

INT Double The intercept term of the multiple regression equation.

ADJ RSQ Double The adjusted R-squared value of the multiple regression
equation. This field is not currently required by SolVES.

ATTITUDE String The attitude or preference for the associated public use.

Allowable values included “Favor or Strongly Favor” and
“Oppose or Strongly Oppose”. If the coefficients represent
all surveys, then “All Surveys” must be entered in the field.

Values in the Coefficient table may be changed and additional records may be added by
accessing the table through ArcMap and using the Editor Toolbar to complete the changes or additions.

38



Alternatively, if adding multiple new records, the Loading function described in the section, Importing
and Loading Data to the Source File Geodatabase, may also be used.

IMPORTANT NOTE: Only one set of coefficients may be entered for every unique
combination of public use, attitude, and social value type (for example, if a record exists where
PUBLIC USE = “Motorized Recreation,” VALUE TYPE = 1, and ATTITUDE = “Oppose or Strongly
Oppose,” another record with these same value types may not be entered; coefficient values would need
to be changed instead).
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Troubleshooting

Error Messages

Error messages might be encountered through the course of using SolVES. Trapping and
handling these errors will be an ongoing activity through the course of developing future versions of
SolVES. Frequent errors encountered to date are described below.

e Improper Selection of Model Parameters — When processing the Ecosystem Services Social
Values Model or the Value Transfer Mapping Model, either both the Public Use and Attitude or
Preference parameters must be selected or neither must be selected. If either is selected when the
other is not, the model will generate the error highlighted below (fig. 34). If such an error should
occur, select Close and attempt to run the model again after making sure the parameters are
properly selected.

SolVES

ERROR: Both the public use and the attitude or preference parameters must be selected if either is selected.

Figure 34. Improper selection of model parameters error message.

e No Coefficients Available — When processing the Value Transfer Mapping Model, situations
may be encountered where coefficients for a particular survey subgroup or social value type are
not available in the Coefficients table. An error message similar to the one highlighted below
will be generated (fig. 36). The reason for the absence of coefficients is that the criteria applied
in the original case study analysis of the PSI and relied upon for the initial development of
SolVES resulted in survey subgroups and social value types for which there were insufficient or
otherwise unusable data for performing the regression analyses necessary to produce the
regression coefficients. To resolve the error, select Close and run the Value Transfer Mapping
Model with different parameters selected.

=]

'SOIVES

ERROR: Object reference not set to an instance of an object,

Figure 35. No coefficients available error message.
Additional, unaccounted-for errors may occur when using SolVES. Generally, these errors

should be resolvable by selecting Close and running the model with different criteria. If this is not
sufficient, additional steps might include the following:
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e Completely close and restart ArcMap. Then attempt to run the SolVES models again.

e Delete any existing data from the Results and Scratch folders through ArcCatalog. Deleting files
through Windows Explorer is not advised. If you want to retain any of these data, move them out
of the Results or Scratch folders or copy them to another location before deleting the remaining
contents of the Results and Scratch folders.
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