
Computers, Environment and Urban Systems 33 (2009) 482–491

Contents lists available at ScienceDirect

Computers, Environment and Urban Systems

journal homepage: www.elsevier .com/locate /compenvurbsys
Design and implementation of a web-based platform to support interactive
environmental planning
Parisa Ghaemi a,*, Jennifer Swift a, Chona Sister b, John P. Wilson a, Jennifer Wolch c

a GIS Research Laboratory, Department of Geography, University of Southern California, KAP 444, 3620 South Vermont Avenue, Los Angeles, CA 90089, USA
b Global Institute of Sustainability, Arizona State University, P.O. Box 875402, Tempe, AZ 85287, USA
c Center for Sustainable Cities, Department of Geography, University of Southern California, 3620 South Vermont Avenue, Los Angeles, CA 90089, USA

a r t i c l e i n f o

Article history:
Received 2 May 2008
Received in revised form 9 May 2009
Accepted 18 May 2009

Keywords:
Web-based interactive analysis
Online environmental planning systems
Web-GIS
Parks and open space
Geospatial data
Southern California

a b s t r a c t

A web-based platform to support interactive environmental planning in Southern California is currently
being developed, as part of the Green Visions Plan project. The main goal is to provide tools for munic-
ipalities and community-based groups to identify candidate project sites that can: (1) promote more
equitable park and open space access for local residents; (2) protect and restore biodiversity; and (3) pro-
tect and enhance watershed health. The Interactive Park Analysis Tool operates at the parcel level and
provides estimates of potential park user demographics in a series of customized reports, as illustrated
in this article. The Interactive Park Analysis Tool and supporting map viewer platform (like the other
tools) utilizes a client/server system architecture that provides users with access to large, detailed geo-
spatial datasets. The system architecture and implementation is described, and a case study illustrates
system functionality. Work is now underway to expand the platform to include additional online tools
to facilitate the evaluation of biodiversity and watershed health within the study area.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction
The Southern California metropolitan area is one of the fastest
growing urban areas in the United States, characterized by social
and economic polarization, and disparities in public service provi-
sion. Many older communities, especially communities of color
and low income neighborhoods, are in desperate need of new parks
for recreational purposes. Some municipalities and community-
based organizations have shifted their focus to Geographic
Information System (GIS) analytical tools and geospatial data to
promote equitable access to parks and open space in the past
few years. In addition, the World Wide Web has facilitated and
nurtured the use of GIS technologies to support a variety of deci-
sion-making tasks at the local and regional scales (see Peng & Tsou,
2003; Rinner, 2003; Sugumaran & Sugumaran, 2005; Bhargava,
Power, & Sun, 2007 for examples). Due to the growing needs and
interests of environmental planners, many efforts have been
launched to develop and implement web-based environmental
planning tools.

The development of online environmental planning tools has
been reported extensively in the literature. Many of these planning
tools have been developed to support different environmental
goals such as water management, soil management, ecosystem
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and forest management, habitat planning, and native vegetation
management. Hence, Zhu, McCosker, Dale, and Bischof (2001) have
developed an online information system, VegMan, to support sus-
tainable regional vegetation management in the Central Highlands
region of Queensland. The Center for Agricultural, Resource and
Environmental Systems at the University of Missouri–Columbia
(CARES, 2003) has created several web-based spatial decision sup-
port applications to provide users with access to habitat informa-
tion and hydrologic data, and to help with the management of
livestock, woodlands and agriculture. Dymond, Regmi, Lohani,
and Dietz (2004) presented a spatial decision support system that
integrated hydrologic, economic and fish-health models in a single
web-enabled interface. Sugumaran, Meyer, and Davis (2004) pro-
posed a web-based environmental decision support system
(WEDSS) to identify and prioritize local watershed environmental
sensitivity in the City of Columbia, and Boone County, Missouri.
Karnatak, Saran, Bhatia, and Roy (2007) proposed a web-based
environmental planning system to promote biodiversity conserva-
tion in India that featured multi-criteria spatial decision analysis
tools. Rao et al. (2007) described a web-GIS decision support sys-
tem to assist the USDA in planning and managing Conservation Re-
serve Program (CRP) enrollment. Culshaw et al. (2006) proposed an
Environmental Information System for Planners (EISP) to assist lo-
cal authorities to deal systematically and efficiently with the land
use planning process in the UK. Finally, Simão, Densham, and Hak-
lay (2008) presented a web-based spatial decision support system
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to help planners, stakeholders and the public identify and plan
wind energy projects in England. These systems are generally used
by environmental planners and managers, environmental analysts,
the decision makers within local government, the public and other
interested parties.

All of the aforementioned online environmental planning tools
are designed based on the client/server technology. With these
tools, data querying, geoprocessing, and spatial decision analysis
are implemented at the server side, whereas user interaction, data
and map display, and report generation are the end processes exe-
cuted at the client side. Moreover, depending on the distribution of
the processes between client and server, the client is either a thin
or thick client. A thin client (Dymond et al., 2004) is often limited
to data/result presentation with a simple web interface. On the
other hand, thick clients (Zhu et al., 2001) support more function-
ality such as group decision making and multi-criteria evaluation,
in addition to data presentation. Various technologies are used to
develop the clients and servers with the aforementioned systems.
To be specific, clients are implemented using web technologies
such as Java applets, Javascript, HTML, ActiveX controls, and brow-
ser plugins. On the other hand, server-side processes are mainly
implemented on top of ArcIMS server, ArcGIS server, OGC compli-
ant web map services, Java applications, Active Server pages, Java
Server technology, and other server-side scripting languages.

In this article, we present a web-based platform to support
interactive environmental planning in Southern California. The
platform and ‘‘Interactive Park Analysis Tool” that is showcased
herein are key parts of the ‘‘Green Visions Plan for 21st Century
Southern California” project, hereafter referred to as the Green
Visions project (Wolch, Wilson, & Longcore, 2009). One of the
primary aims of this on-going project is to produce a suite of
web-based GIS planning tools which can be used to help guide
future investments that reduce inequities in recreational open
space, promote habitat restoration and conservation, and improve
natural hydrologic function in southern California.

Among all multi purpose web-based environmental planning
systems reported in the literature, the Green Visions Project Plat-
form (GVPP) described in this article is the first online planning
tool which will, when it is completed, support habitat conserva-
tion, watershed health and recreational open space planning
simultaneously. The GVPP serves regional geospatial datasets,
including hydrologic information, land cover and land use, wildlife
species, transportation networks and municipal boundaries, demo-
graphics and human health risks, to name a few. The GVPP is fully
accessible to the general public and is hosted on one of the USC GIS
Research Laboratory servers (GVP, 2009). The platform is imple-
mented using the client/server architecture with a thin client, sim-
ilar to the related work discussed earlier. The implemented system
has a four-tiered configuration consisting of a web client (Tier 1),
the IIS web server (Tier 2), the ArcIMS Map Server (Tier 3), and Arc-
SDE in combination with MS SQL Server as the spatial database ser-
ver (Tier 4).

The innovative part of our system is the ability to work at a very
fine resolution. Few studies have developed web-based analytical
systems that operate at such a resolution. All of the web tools pre-
sented under the related work, for example, are designed for low
resolution analysis on user selected study areas rather than high
resolution parcel-based analysis. These architectures are such that
they cannot afford a very fine resolution for subsequent analysis
and decision-making tasks. The presented article describes the
development of a web-based platform that supports unique inter-
active, ‘‘on-the-fly” analyses at the parcel level. Using the Interac-
tive Park Analysis Tool, for example, a user can convert one or more
parcels into candidate parks and visualize the changes in potential
park use or pressure. This tool therefore provides users with an
easy way to instantly calculate disparities in park access, and the

effects of adding one or more new parks on such disparities. The
intended users are municipalities, community-based organizations
and environmental planners who want to identify potential park
locations that will reduce the pressure experienced by existing
parks in park-poor neighborhoods in the Green Visions Plan study
area.

The remainder of the article is organized as follows. The overall
design and system architecture of the web-based environmental
planning tool will be discussed in Section 2. By simulating the im-
pacts of a new park in Section 3, the characteristics of the Interac-
tive Park Analysis Tool will be presented in detail. Then, the
advantages and shortcomings of the developed system will be pre-
sented followed by some thoughts for extending the platform in
the final section.

2. Design and implementation of web-based dynamic analysis
system

The web-based analysis tool designs are based on a client/server
model divided into four levels of functionality (Foote & Kirvan,
2000; Peng & Tsou, 2003; Plewe, 1997; Tsou, 2004), as illustrated
in Fig. 1. These four levels consist of a Web Interface, Web Server,
Application Server and Spatial Database Server. The Interactive
Park Analysis Tool is integrated within the GVPP, which began as
a basic map viewer originally created by the California Department
of Fish and Game (DFG, 2007). Based on previous experience
implementing web mapping projects (i.e. Ghaemi, Swift, Goldberg,
& Wilson, 2006; Swift et al., 2004; Zimmermann, Bardet, Ku, Hu, &
Swift, 2003), the initial DFG map viewer was customized to deliver
a suite of multi-faceted analytical tools and accompanying geospa-
tial datasets.

As an online environmental planning tool to assist environmen-
tal advocates, planners, and managers in decision making, the
GVPP requires the following features. First, the system needs to
provide data querying and extensive native geoprocessing capabil-
ities. Second, it needs to afford a fast online rendering of large vec-
tor and raster datasets regardless of user network bandwidth.
Third, it needs to support multiple concurrent users and the results
from interactive tools like the Interactive Park Analysis Tool should
be provided in real time. We describe next how the proposed sys-
tem architecture and chosen software (ESRI’s ArcIMS, ArcSDE 9.2
and Microsoft’s SQL Server 2005) satisfy the aforementioned
requirements.

2.1. System architecture

The client side is considered the first level within the system,
providing a user interface that accepts requests, performs a multi-
tude of map-centric tasks, and dynamically displays the results in
tables and HTML formatted popup reports (Fig. 1). The GVPP pro-
vides direct access to approximately 80 geospatial vector and ras-
ter datasets generated as part of the Green Visions project (Wolch
et al., 2009). The client front-end provides a main toolbar that al-
lows users to perform basic GIS operations such as navigating
around the map view (zoom in, zoom out, pan map, and zoom to
the extent of the active layer), performing queries against layers
to retrieve attribute information for download in tabular format
(Fig. 2), and printing customized map views. Fig. 2 provides an
example view of the GVPP viewer, and shows the available geospa-
tial data layers in the ‘‘Layer List” on the left-hand side, and the ba-
sic map viewer tool buttons in the main toolbar across the top. The
Layer List controls layer visibility and selection, such that the data-
set selected by a user is referred to as the ‘‘Active Layer”, the layer
acted upon by the tools in the toolbar. The client interface also pro-
vides metadata and layer properties tools, and allows each user to
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save unique map views as ‘‘Bookmarks” to be retrieved whenever
the user visits the GVPP. In addition, a convenient ‘‘Data Catalog”
tool has also been implemented to facilitate searching for and load-
ing project-specific data layers into the map viewer. Data layers are
grouped within the Layer List based on data type categories (i.e.
Green Visions Project Data layers, Base Layers). The Client side
was originally developed using Javascript, Active Server Pages
(ASP) and HTML (DFG, 2007).

The server side architecture is a three-tiered configuration com-
prised of the Tier 1 ‘‘Web Server”, Tier 2 ‘‘Application Server”, and
Tier 3 ‘‘Spatial Database Server” (Fig. 1). Microsoft Internet Infor-
mation Server, IIS V.6 is utilized as the Web Server. When a user
initiates a request, the IIS passes the data between the client-side
Web Browser and the Application Server. The Application Server
currently consists of three main modules (Fig. 1): the Map Server,
GVPP applications, and the Interactive Park Analysis Tool. Upon a
request by a user, one of these modules is launched in order to exe-
cute the client request and return the results to the client’s web
browser. These modules are discussed in detail under ‘‘Interactive
Park Analysis Tool”.

When a user chooses a tool from the toolbar and clicks on the
map view, for example to generate or manipulate it, the Web Ser-
ver interprets this as a user request and directs the request to the
Map Server. The Map Server executes the mapping request,
launches the available map service in the service registry and

sends a picture of the map in JPEG format to the Web Server. ESRI’s
ArcIMS functionalities comprise the core Internet Map Server in
the GVPP. ArcIMS Server provides built-in standard GIS tools that
support the serving of GIS data, advanced querying, focused GIS
application development via open Internet protocols, and powerful
map visualization capabilities. More importantly, ArcIMS Server
provides functionality beyond 2D map visualization, such as ad-
vanced geoprocessing services, since these geoprocessing services
were required to implement the interactive analysis tools like
the Interactive Park Analysis Tool showcased in this article.

The GVPP Database Server handles the Green Visions Plan geo-
spatial datasets or ‘‘layers” which include:

� Base layers such as 3-D digital elevation models, trails, roads
(local streets and highways), natural and man-made landmarks
(schools, hospitals, airports, etc.), and municipal boundaries.

� Hydrologic data (updated stream networks, watersheds, sub-
watersheds, and catchments; Sheng & Wilson, 2008).

� Parcels.
� Land use/land cover.
� Parks (including forests and beaches).
� NDVI images.
� Census 2000 demographics.
� Target species habitat layers (including amphibian, bird, insect,

invertebrate, mammal, reptile, and aquatic species, target spe-

Fig. 1. System Architecture of the GVPP, including the Interactive Park Analysis Tool.
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cies density, and measures of cost-distance that capture the ease
of moving across the landscape for a subset of urban-adapted
target species).

Most of these georeferenced vector and raster datasets are
stored in Microsoft SQL Server 2005, while some larger grids are
stored in server disk space. ArcSDE 9.2 is basically a gateway be-
tween the Application Server and the Database Server. It efficiently
manages spatial data in the form of tables. ArcSDE provides some
key benefits such as the ability to serve many concurrent users
and no limit to the size of the SQL Server database which supports
the multiple concurrent users, one of the main requirements of
GVPP. In addition, the basic and customized GIS tools that work di-
rectly with database tables rather than other formats such as
shapefiles, greatly improves the system performance of the inter-
active elements like the Interactive Park Analysis Tool and makes
it a real-time service.

2.2. Customized GIS tools

To support investigation of existing conditions captured with
the GVPP data layers, a set of data reports was needed which
was not available in the initial setup of the DFG map viewer. There-
fore, we have developed a custom reporting mechanism in ASP.
These reporting applications allow users to generate dynamic
pop-up data reports from GVPP data layers. At present ASP report
modules are linked to the parks, park service areas, quarter mile
network buffers around parks, stream networks, subwatersheds,
and watersheds.

A user may select one of these layers, choose the Identify
tool button (‘‘i” button, Fig. 2), then click on any feature of
interest. Data ‘‘features” are represented as polygons (i.e. parks),

lines (i.e. stream segments) or points (i.e. schools). Clicking on a
feature will automatically display a list of one or more records
(polygons, lines or points and corresponding attributes) associ-
ated with the selected layer in the panel beneath the map view
(Fig. 2). For example, if a user selects the Parks layer and then
the Identify tool button, clicking on a park of interest will gen-
erate a list of one or more parks closest to the point or geo-
graphic location of the click (Fig. 2). A pop-up data report
formatted in HTML can be generated for any park in the list
by clicking on a ‘‘Park Report” link under the attribute heading
‘‘Feature Details”. The generated park report includes some infor-
mation about the park such as community and cultural facilities,
active and passive recreation facilities, landscape features, park
condition, safety features, and target species as well as a photo
gallery.

While many of these reports simply afford users an opportunity
to query existing data layers, others report the results of some form
of interactive analysis that enables users to ask ‘‘what if” kinds of
questions related to park provision and pressure along with habitat
and watershed conservation and restoration. The Interactive Park
Analysis Tool is showcased in the next section to illustrate these
types of capabilities.

2.3. Interactive Park Analysis Tool

This tool is an elaboration of the work of Sister, Wolch, et al.
(2007), wherein a methodology was developed for characterizing
potential park and open space congestion in the Green Visions
Plan area. Sister, Wilson, Wolch, Swift, and Ghaemi (2007)
provide a compelling picture of the disparities between the loca-
tion of park resources and the locations of disadvantaged popu-
lations, such as people of color and the poor, which essentially

Fig. 2. Tabular data that appears in the bottom panel below the map following the use of the Identify tool and the link used to generate a custom pop-up data report (for one
or more selected parks in this example).

P. Ghaemi et al. / Computers, Environment and Urban Systems 33 (2009) 482–491 485



laid the groundwork for this phase of the Green Visions Plan
project.

A park analysis geoprocessing tool was developed outside the
main shell of the basic DFG (2007) map viewer application repro-
duced in Fig. 2. The new Interactive Park Analysis Tool assists com-
munity organizations and municipalities (planners, engineers,
politicians, etc.) in identifying new park sites within the Green Vi-
sions Plan study area that would reduce existing disparities. Using
this tool, users can select specific parcels (e.g. brownfields or vacant
lands) as candidate sites and convert them into new parks. Conse-
quently, they can instantly quantify how the new configuration
resulting from the conversion of the parcels to parks changes poten-
tial use or pressure (i.e. demand) for existing park in the immediate
neighborhood of the candidate site(s). The rich demographic dataset
within this tool facilitates exploration of the spatial relationships
between park facilities and socio-economic characteristics of popu-
lations (i.e. income, race/ethnic composition, and age distribution).

The overall design of the online tool is based on the ‘‘Park Ser-
vice Area concept” that was described by Sister, Wolch, et al.
(2007) and can be summarized as follows. A Park Service Area is
defined as the area (polygon) surrounding a park (Fig. 3). Assuming
that everyone uses the nearest park at some uniform rate, we can
assign each person in the region to a park by generating Thiessen
polygons (similar to what Pearce (2000) did when defining school
catchment areas for comparison with census data in the UK). The
Thiessen polygon of a park is the area surrounding the park such
that every point inside the area is closest to the corresponding park
(Burrough & McDonnell, 1998; Gahegan & Lee, 2000). Considering
that residents are more likely to utilize parks in closer proximity on
a more regular basis, each Thiessen polygon can be viewed as a
Park Service Area (PSA), with each park at the center servicing
the population within the bounds of the polygon. Since a park, in
itself, is a polygon (and not a point), we utilized the vertices around
the perimeters of the parks as the points from which the Thiessen
polygons would be generated (Fig. 3c and d). Since this step results
in multiple Thiessen polygons for each park (given that each park
polygon is composed of multiple vertices), the polygons belonging
to the same park are then aggregated (Fig. 3d). The geometric re-
sult is a lattice of PSAs with every space in the region assigned to
the park closest to it. The potential level of park congestion for each
park service area is then estimated as the total number of residents
per park acre (or hectare) inside a given PSA.

The total number of residents per PSA was established by inter-
secting the LandScan (Bhaduri, Bright, Coleman, & Dobson, 2002;
Bhaduri, Bright, Coleman, & Urban, 2007) population raster with
the PSA polygons. The LandScan population raster was generated
using a variety of layers describing the ‘‘built” environment and
dasymetric mapping techniques to reassign 2000 census totals.
The veracity (i.e. reliability) of this approach has been demon-
strated in several studies (e.g. Cai, Rushton, Bhaduri, Bright, & Cole-
man, 2006; Patterson et al., 2007, 2009). The LandScan product
gives population estimates for grid cells measuring 300 m on a
side. The populations within these grid cells were allocated the
demographic characteristics (i.e. number of children aged 0–
17 years, percent African-American, percent Latino, and percentage
of housholds below the federal poverty thresholds) of the source
census blocks. Weighted averages were used when PSAs split the
LandScan grid cells into two or more components and when the
LandScan grid cells inherited demographic characteristics from
two or more Census 2000 tracts or black groups. Further details
on how these approaches were handled for the interactive park
analysis is provided in the section entitled ‘‘Simulating the Impacts
of Adding a New Park”.

The aforementioned approach relies on numerous assumptions.
No effort was made to distinguish parks based on their size or their
facilities present because the latter is largely unknown and there is

a weak relationship between park size and characteristics (i.e.
facilities) based on the subset of parks that the GVP research team
audited (see Sister, Wolch, et al., 2007 for additional details). Sim-
ilarly reliance on Euclidean distance when building the PSAs
ignores the potential impact of the road network on proximity to
parks. However, both approaches are problematic since road net-
work coverages seldom include walking and bicycle paths that
people might use to travel to and from neighborhood parks, and
we made no attempt here to link park use to specific facilities
(i.e. presence/absence of safe playground equipment, basketball
courts, soccer fields, tennis courts, etc.) that draw people of differ-
ent ages to specific parks. These aspects and what we know about
them in the GVP study area are discussed in detail by Sister, Wil-
son, et al. (2007) and Sister, Wolch, et al. (2007).

To summarize the park pressure analysis approach, any parcel
may be converted to a candidate park site by adding the parcel
to the Parks layer (Fig. 3a and b). Utilizing the vertices of the parks
and the added parcel, Thiessen polygons are created for each ver-
tex along the perimeters (Fig. 3c). After aggregating all polygons
belonging to the same park, a new PSA is created for the candidate
park and the surrounding PSAs are redrawn (Fig. 3d). The geomet-
ric result is a lattice of PSAs with new boundaries delineating the
service area for each park, including the candidate park site. Park
attributes (i.e. facilities present) and demographic information
are then assigned to each PSA in a series of GIS overlays. Potential
park use (i.e. demand) in the new PSA configuration is then esti-
mated to show users how the candidate park would reduce park
use (demand) in the area of interest and the immediate vicinity.

A step-by-step illustration of the Interactive Park Analysis Tool
model is provided in Fig. 4. The process consists of a series of geo-
processing modules programmed in Visual Basic and ESRI ArcOb-
jects and it is implemented as a Dynamic Link Library (DLL). The
tool is designed ‘‘outside of the box” to employ dynamic linking,
which conserves server-side memory. The server-side DLLs per-
form geoprocessing functions much more rapidly than client-side
web pages coded in ASP, dramatically speeding up the perfor-
mance of the Dynamic Park Analysis Tool.

This service can be used to simulate the impacts of creating
parks from existing parcels in 30 to 40 s, regardless of the user’s le-
vel of GIS experience. The analysis run time varies slightly depend-
ing on the number of parcels selected by the user and the resulting
number of neighboring PSAs involved in the analysis, as well as the
number of concurrent GVPP users and network bandwidth.

Implementing the approach shown in Fig. 3 in the form of a
web-based tool presented numerous technological challenges.
Although the Interactive Park Analysis Tool follows the overall
methodology of Sister, Wolch, et al. (2007), the online implemen-
tation required numerous work-arounds or adaptations to best
accommodate server-side processing capabilities, the goal being
to provide a real-time service. For example, due to limitations in
server resources, the number of parks included in any one analysis
was restricted to a 4 km buffer around the selected parcel(s) and all
parks outside this radius are excluded. At first, we expected this
exclusion would have a negative impact on the validity of informa-
tion provided by the Interactive Park Analysis Tool. However, we
came up with an approach which is described in detail in the next
section that protects the validity of the information provided by
this tool regardless of the limitation caused by buffer size. The fol-
lowing discussion focuses on one example of how the Interactive
Park Analysis Tool can be used, and thereby highlights the func-
tionality implemented with the tool via the GVPP.

2.4. Simulating the impacts of adding a new park

Fig. 3 provides an example of the flow of the Interactive Park
Analysis Tool applied to a specific parcel. In this example, a user se-
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lects the parcel from the map by clicking on it (Fig. 3a). The anal-
ysis is initiated by checking the appropriate box under ‘‘Dynamic
Analysis” in the list of parcels and then clicking the button ‘‘Dy-
namic Analysis” located between the Expand and Zoom buttons
in the panel below the map. Fig. 3b–d illustrates the steps involved
in generating the PSAs (Thiessen polygons). Fig. 5 provides the cor-
responding example output data report. Careful examination of the
results of online analyses with previous analyses conducted by Sis-
ter, Wolch, et al. (2007) using ESRI’s ArcGIS desktop software
showed identical outcomes.

One additional challenge faced in implementing this analysis
online lay in ascertaining to what extent creating a new park from
an existing parcel affects the geometries of the neighboring PSAs. In
the PSA layer displayed in Fig. 6a, it is assumed that the polygon
containing the parcel being analyzed is labeled 0, the polygons
adjacent to the parcel are labeled 1, and the remainder of the poly-
gons are assigned the integer 2 or higher. The sequence of steps
shown in Fig. 4 shows how each polygon in level 1 lost a portion

of its geometry when the Thiessen polygons and the demographic
characteristics of the PSAs were recalculated. Fig. 6 shows how
the affected polygons were regenerated and then integrated into
the description of PSAs. Hence, the polygons labeled uppercase A,
B, C, D, E, F, G, and H in Fig. 6b are the adjacent Thiessen polygons
of the selected parcel. After running the dynamic analysis, the poly-
gons labeled lowercase a, b, c, d, e, f, g, and h represent subsections
or portions of the same polygons which are included in the new Thi-
essen polygon surrounding the proposed park site. Each of the poly-
gons a, b, . . ., h were individually intersected with the population
data layer in order to correctly calculate the demographic metrics
associated with each polygon subsection.

Function DMG (a) is defined as any demographic information
within polygon ‘a’, such as the total number of persons or median
household income of persons living in this area. Thus in general,
following an Interactive Park Analysis, the changes in demographic
information in the PSAs neighboring the parcel of interest can be
calculated using the following equation:

Fig. 3. Example of a Park Pressure Analysis conducted using the Interactive Park Analysis Tool via the GVPP. (a) User selected Parcel AIN# 8546002089. (b) Selected Parcel
showing existing parks and accompanying park service area boundaries. (c) Regeneration of vertices around perimeters of parks and corresponding park service areas
(Thiessen polygons). (d) Compilation of new park service areas for user selected parcel and surrounding parks.
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DMGðA� aÞ ¼ DMGðAÞ � DMGðaÞ ð1Þ

in which (A – a) represents the Thiessen polygon A after running the
interactive analysis tool. In other words, the population served by
park service area (A – a) equals the population served by park ser-
vice area (A) minus the population served by park service area (a).

It is important to note that this approach accommodates special
situations which arise due to limitations of the online implementa-
tion, such as the limited size of the analysis buffer area. The afore-
mentioned approach of dividing the landscape into multiple
subsections successfully handles new park sites and park service
areas that affect very large green spaces such as National forests

Fig. 4. Interactive Park Analysis Tool process model, including all the steps required to implement a Park Pressure Analysis online.
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(as is the case for polygon A in Fig. 8) for example. This particular
analysis takes into account the effect of the small buffer size which
cannot encompass the larger parks, yet correctly calculates the
demographics of the affected PSAs.

3. Advantages and disadvantages of the current system

The implementation of this web-based tool provides several
advantages. First and foremost, the web tool extends the availabil-
ity of this type of analysis to community groups and municipalities,
which in turn affords these stakeholders the capacity to quickly
build the rationale supporting proposals for new or improved park
sites. In 2007, representative groups of potential tool users were
convened for several workshops in order to introduce the tools
and provide basic guidance. Since then, the workshop participants
and other stakeholders have manipulated the tools and offered
feedback on responsiveness and functionality that has been ad-
dressed in subsequent versions of the system.

Second, the Interactive Park Analysis Tool provides non-GIS
users as well as GIS-savvy professionals a real-time service. This
service can be used to simulate the impacts of creating parks from
existing parcels in 30 to 40 s, regardless of the user’s level of GIS
experience. Another advantage of implementing the Interactive
Park Analysis Tool as a web tool is the fact that it can be utilized
in a distributed fashion via the Internet. In other words, a geo-
graphically distributed group of users, such as environmental plan-
ners affiliated with the same agency or company but spread across
different office locations can concurrently run this tool. It is also

possible to compare the expected results of turning multiple par-
cels into parks in a single analysis session.

There is a shortcoming with the current version that needs to be
addressed in future versions, in order to provide users with greater
flexibility. Multiple concurrent users cannot simultaneously utilize
the Interactive Park Analysis Tool implemented by a single DLL in
the current version whereas they can utilize all of the other tools
implemented in GVPP concurrently. However, the current DLL is
programmed as a COM component and as such, it does not allow
users to share the GIS data layers stored in ArcSDE and perform
their park analysis at the same time. To resolve this problem, we
need to migrate the developed system from the ArcIMS server to
ArcGIS server. When working with ArcGIS Server, each user by run-
ning the interactive analysis tool, will make a connection to a ser-
ver, obtain a server context and use it to access resources on the
server. In this circumstance, multiple users will be able to run
the Interactive Park Analysis Tool simultaneously since they can
access GIS data layers located on the server from different server
contexts.

4. Conclusions and future directions

The GVPP includes a full suite of basic GIS mapping tools and
utilities, as well as customized report generation applications and
the specialized Interactive Park Analysis Tool. All of these tools
facilitate the viewing and analysis of map data layers. The Interac-
tive Park Analysis Tool provides a quick and easy way for users to
look carefully at the different options by converting parcels to

Fig. 5. Summary HTML format pop-up data report on Parcel #AIN: 8546002089, produced using the Interactive Park Analysis Tool.
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parks on-the-fly and comparing the various impacts of such
investments.

The Interactive Park Analysis Tool affords a consistent and eas-
ily understandable language for policymakers and funding organi-
zations to compare alternative candidate park sites. Public access
web-based tools support municipalities and community-based
groups, especially those with otherwise limited resources, to lobby
for candidate park sites and/or park development that can lessen
the pressure on existing parks in specific jurisdictions and regions.
The adoption of online tools in decision-making will have the effect
of leveling the playing field for municipalities and community
groups vying for park funds, by minimizing the unfair advantage
that currently accrues to those who have more resources to submit
the most convincing proposals (Wolch, Wilson, & Fehrenbach,
2005). The platform has already been used to help prepare and
evaluate proposals submitted to the Lower Los Angeles and San
Gabriel Rivers and Mountains Conservancy (RMC) requesting funds
for park, open space, habitat and watershed conservation and res-
toration projects in a series of regular grant competitions. The RMC
lists the use of the platform and accompanying tools in their pro-

posal requirements and the USC GIS Research Laboratory has been
contracted to offer training workshops to support proposal
preparation.

As a future work, the same scenario building capability will
also be built into interactive habitat and watershed tools, which
are, given their inherent characteristics, more complex. Addition-
ally, web-based decision support tools, because they use GIS lay-
ers, can easily be designed to address the large number and
variety of possible benefits of multi-purpose projects. For exam-
ple, there is a growing need to increase and/or sustain existing
rates of groundwater recharge, as well as improve the quality
of urban stormwater runoff (Sheng, 2007; Sheng & Wilson,
2008; Sheng, Wilson, et al., 2007). These concerns can potentially
be addressed along with the issue of park and open space provi-
sion. Utilizing the decision support tools, the GIS park layer can
be overlaid with hydrography and watershed layers, and candi-
date park sites can be evaluated in terms of their potential as
groundwater recharge sites in addition to their potential for alle-
viating existing park congestion. Another example involves hab-
itat restoration and/or conservation needs that, again, can be
addressed together with park provision, by overlaying a habitat
layer on top of the park layer. The layers can be queried such
that locations of potential park sites that can also serve as suit-
able habitats for native wildlife or links (i.e. stepping stones) in
an urban wildlife corridor can be identified and prioritized. Fu-
ture work will also involve migrating the GVPP from the ArcIMS
server to the ArcGIS server. The advantages of upgrading to Arc-
GIS include the ability to support multiple users simultaneously
(as noted earlier) and greater stability for the GVPP website as a
whole.

Currently, the developed system enables the user to convert a
candidate park site into a park and observe how much this conver-
sion would impact variations in access to parks in the neighbor-
hood surrounding the selected parcel(s). Our future work will
concentrate on growing this analysis system. In the extended ap-
proach, users will have the capacity to pick many candidate park
sites and rank them based on their capacity for reducing inequities
in access to parks. Some decision-makers and/or advocates may
view the top-ranked parcels as the best candidate site (s) in their
neighborhood. We will also need to update GIS data layers as
new ones become available – this need is perhaps best illustrated
by the current reliance on the 2000 Census for demographic infor-
mation in a rapidly growing and changing urban area like the Los
Angeles Metropolitan Region.
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