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ABSTRACT 
 
 
 

BUILDING A FRAMEWORK FOR A SPATIAL DECISION SUPPORT SYSTEM 
FOR CO-LOCATING PUBLIC FACILITIES 
 
Julie M. Minde, M.S. 
 
George Mason University, 2008 
 
Thesis Director: Dr. Edmund Zolnik 
 
 
 

Co-location involves the intentional siting together of public facilities. Co-

location of public facilities is becoming an increasingly common practice, particularly for 

its perceived benefits of resource savings, increased efficiency and synergy of services, 

and enhanced sense of community. Such advantages may be especially critical in a 

location undergoing rapid growth. The ability to plan and manage the process of co-

locating public facilities can be very important to the successful, efficient growth of a 

community. However, there can be significant challenges. Deliberate planning can be 

problematic in an environment of rapid growth. Co-location may instead be left to 

opportunity, which does little to maximize overall resource savings or to establish a 

coherent, long-term policy of co-location. Modeling can also be problematic in a rapidly 

changing environment. In general, modeling has proven to be limited in terms of serving 

as a predictive siting tool for public facilities under real-world conditions. There are no 

one-size-fits-all models for siting facilities, let alone for co-locating them, which is a far 



 

    
  
 
  

more complex endeavor. Thus, a more sustainable approach might be to develop a 

decision support tool. This research develops a Spatial Decision Support System (SDSS) 

to co-locate public facilities in Loudoun County, a rapidly growing county in northern 

Virginia. The goal of the project is to determine if employing a SDSS based on 

CommunityViz in ArcGIS 9.2 facilitates successful co-location of public facilities in a 

dynamic decision-making environment.  
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1. Introduction 

 

Provision of public services is a primary and critical local government function. 

Appropriate siting of public facilities at the local government level depends on several 

factors. Accurate prediction of population and demographics is key to accurately 

predicting public service demand. An understanding of the locational requirements of 

public facility types is essential for serving this demand. Access to land in the right 

places, at the right cost, and of a suitable nature (e.g., adequately-sized parcel, not in 

floodplains) is necessary in order to ensure that optimal locations are attainable for siting 

the facilities. Lastly, access to updated geospatial and other related information, as well 

as a timely and simple means of reaching consensus among decisionmakers, are needed 

in order to facilitate the decisionmaking process for facilities siting.  

There are several possible impediments to appropriate siting of public facilities at 

the local government level. One such significant factor is an environment of rapid growth 

which can complicate public facilities siting in several ways. Some examples include the 

following. Unexpected, uneven growth and changes in demographics can lead to 

inaccurate population predictions. This can bring about the siting of facilities in locations 

where demand is suboptimal or, conversely, can lead to inadequately covered demand 

areas. Rapid development can significantly limit the amount of land available to the local 

government. For example, developers who are able to purchase large tracts of land in key 
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locations at premium prices can outbid the government and are more likely to acquire 

sites that might have been optimal locations for public facilities. Furthermore, local 

government decisionmaking is generally a longer, more involved process than 

commercial decisionmaking. Thus, developers also have an advantage in terms of 

reacting to land purchase opportunities. Additionally, information management can prove 

a challenge in a rapidly developing county. It can be very resource intensive to establish 

and maintain the requisite databases and systems needed to support situational awareness 

and decisionmaking. Lastly, a rapidly growing environment can severely hamper a 

county government’s ability to systematically plan, implement policy, and execute 

actions, including establishment of public facilities, by fostering a reactive atmosphere.  

Interest in co-location stems from its perceived benefits. These may be 

categorized into three:  

• resource savings,  

• increased efficiency and synergy of services, and  

• enhanced sense of community 

Concerning resource savings, co-location can save money, space, and time. Money can 

be saved in such areas as land purchase, construction and utility installation costs, and 

operating costs. By properly planning and integrating certain facilities, these services 

may be able to share responsibilities or provide more or unique services because of this 

new arrangement, thus achieving a synergy of services not possible without co-location. 

Lastly, co-location can create an environment conducive not only to formal public 

gatherings, but also to casual, random encounters among residents, an important part of 
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developing sense of community. This latter benefit is particularly unique in that, 

depending on the types of facilities that are co-located, it can encourage the healthy 

mixing of society, such as inter-generational, inter-racial, and across the spectrum of 

income and education (Filardo, 2002; Generations United, 2002; Duerksen and Dale, 

1999). Such advantages are particularly important in a location undergoing rapid growth, 

where a local government may be struggling to garner the resources to keep up with the 

pace of growth and also develop a cohesive community amongst the often diverse 

populations quickly moving in.  

 Faced with such a dynamic situation, county governments have several options in 

terms of optimizing public facilities planning and siting. Among these is the practice of 

co-location. Co-location can be defined as the intentional siting together of facilities, such 

as public schools, community centers, and libraries (Walter, 2000; Romeo, 2004). Co-

location of public facilities, while still not mainstream, is becoming an increasingly 

common practice in the US (Romeo, 2004; Walter, 2000; BEST, 2005; Dixon et al., 

2005; Donnelly, 2003; Generations United, 2002)  and elsewhere such as the UK (Dalton 

et al., 2006) and Sweden (Hansson, 2006).  

Thus, the ability to plan and manage the process of co-locating public facilities 

can be very important to the successful, efficient growth of a community. However, there 

can also be significant challenges. Deliberate planning for co-locating public facilities 

can be problematic in an environment of rapid growth. Co-location may instead be left to 

chance opportunities, which does little for maximizing overall resource savings or for 

establishing a coherent, long-term policy of co-location.   



 

 4   
  
 
  

Modeling can also be problematic in a rapidly growing environment. Modeling in 

this context refers primarily to location-allocation (LA) models, which have been the 

primary type of model used in facility siting to date. LA models are mathematical models 

“used to establish the optimal location for larger, central facilities such as hospitals, 

factories, and schools” (Mayhew, 2004). In general, modeling has proven to be limited, at 

least currently, in terms of serving as a predictive siting tool for public facilities under 

real-world conditions (DeVerteuil, 2000; ReVelle and Eiselt, 2004). There are no 

universally applicable models for siting facilities, let alone for co-locating them, which is 

a far more complex endeavor. The incremental nature of decisions and development that 

is often characteristic of rapidly growing communities often quickly invalidates model 

results unless the models and their databases are continuously updated.  The iterative 

approach needed to keep up with the modeling would be cost prohibitive. This would 

make it difficult to provide the flexibility and responsiveness needed to support land 

purchase and proffer opportunities that often arise quickly. Proffers are voluntary 

contributions of money, land or facilities or roads by developers to mitigate the 

residential impact of a rezoning. Additionally, while determination of optimal locations is 

the goal of LA models, location is not the sole input in such problems. There are other 

considerations, such as politics, decision cycles, and budget timelines, which must be 

taken into account in order to develop a real solution. Therefore, under these restrictive 

conditions, a model – in and of itself – would likely not lead to the appropriate 

determination of ideal locations, but would rather produce results that would not be 

optimal in a rapidly changing environment.   
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 Thus, a better and more sustainable approach might be to develop a decision 

support-oriented solution. Whereas a modeling approach focuses on development of 

locational models for public facilities and public facility types and prioritizes data 

correctness and model accuracy, a decision-support approach would focus on developing 

a data and process framework and would emphasize data correctness and timely, flexible, 

accurate decision-support provision. In such a manner, it may be possible to develop a 

process that helps streamline the modeling and decision-making, thus aiding in more 

efficient, accurate, comprehensive means of co-locating public facilities.   

This research develops a Spatial Decision Support System (SDSS) approach to 

co-locating public facilities in Loudoun County, Virginia. This county was chosen for the 

study area because it is undergoing the kind of rapid growth discussed above as being a 

challenge to co-location. Furthermore, the county government is attempting to pursue co-

location of public facilities as policy. It is interesting to note that the wealth of current 

data available at the local government level, along with the advances in both GIS 

technology and decision-making theory, make it possible to monitor what is going on 

while it is happening (i.e. rapid urban/suburban growth) and also to simultaneously plan 

in an environment of multiple decision-makers and stakeholders.   

The next section will present a review of the literature. The chapter on data and 

methodology discusses the study area, including information and insights gathered from 

county and other subject matter experts in public facilities and/or public facility location, 

the data used for this project, as well as the SDSS methodology employed. Results are 
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analyzed in the analysis chapter. Finally, concluding remarks and future research are 

presented in the conclusions section.  
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2. Literature Review 

 

The literature on co-location of public facilities is dispersed across various 

academic disciplines and between both academic and applied communities in the United 

States and globally. As such, there is a wide array of terminology used to describe co-

location. For example, among education and architecture professionals, the terms shared-

use, joint-use, multi-purpose, dual-use, and community (learning) center are commonly 

used instead of co-located. Also, there is generally a distinction between the literature on 

co-location in the academic literature versus the applied literature, such as in architecture 

or planning.  

There is actually little academic literature focused specifically on co-location of 

public facilities. There is literature on location theory and modeling for general public 

facility siting (Teitz, 1968; Deverteuil, 2000; Ribeiro and Antunes, 2002; ReVelle and 

Eiselt, 2004; Suzuki and Hodgson, 2005; Suzuki and Hodgson, 2003). However, spatial 

analysis in facilities-siting studies has most often focused only on single types of public 

facilities, such as schools or health centers (Li and Yeh, 2005; Tsou et al. 2005). Thus, 

there has been a lack of comprehensive public facility location modeling which takes 

multiple types of facilities into consideration simultaneously (Ribeiro and Antunes, 

2002). The applied literature places more focus on co-location case studies and actual 

public facility types, such as public schools, as well as best practices (Generations 
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United, 2002; Haycock, 2006; Building Educational Success Together, 2005; Donnelly, 

2003; JFW, Inc., 2006; Romeo, 2004; Weiss, 2004). Thus, public facility co-location 

research and best practices are generally not found in one body of literature. 

The lack of co-location literature on the academic side is indicative not only of a 

clear difference in focus between the academic and applied communities, but also an 

apparently wide divide between research and application. It is evident in the academic 

literature that modeling is not yet appropriate for general application in the real world. 

Often, this is because of the inability to accommodate the number and types of variables 

found in real cases. Thus, models that are developed tend not to be used in the real world 

but remain within academic communities, undergoing modification and development 

with often only limited – if any – testing in the real world. It would be of great benefit to 

merge the two efforts in order to provide a more inclusive approach.  

On the other hand, professionals in the applied arena often promote co-location 

for its resource savings and benefits to society. However, they also note the lag between 

research and application. Pam Loeffelman, Chair of the American Institute of Architects 

(AIA) Committee on Architecture for Education and Principal, Perkins Eastman states:  

“[f]or the past ten years or so, there has been a shift towards interest in co-
location of public facilities and also in public-private partnerships, both of 
which can reduce costs. However, public policy hasn’t caught up yet” 
(phone conversation, December 13, 2006).   
 

John Chadwick, Principal, Perkins Eastman comments:  
 

“[s]chools are being used 16 hours a day (in Arlington, Virginia). They 
shouldn’t be closed in the evenings or during school breaks. They belong 
to the public. We are paying for them” (phone conversation, December 13, 
2006).  
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Steve Donnelly, a Maryland-based consulting planner, American Planning Association, 
notes:  

 
“I grew up in a very linear public service environment (a school is a 
school, a library is a library), but if you start mapping out public service 
demands (met or unmet) in our increasingly dense suburban environments, 
and overlap them with land availability, and possible stratified market 
thresholds (students, older people, gross population), it is pretty clear that 
some of these multi-use concepts provide a great path for delivering more 
community, public, and maybe even private sector services at typically 
under-used but very well-located sites.”  
 

However, he adds, “We have spent a lot of time theorizing, but are usually 

constrained by time and other projects” (email correspondence, December, 2006). 

 Thus, the disconnect between theory and application seems to be a primary road-

block to developing theoretically sound policy advice for co-location of public facilities. 

However, there is another area of geographic research that offers possibilities for 

bridging the divide – Spatial Decision Support Systems (SDSS). SDSSs are specialized 

Geographic Information Systems (GIS) that are developed in order to solve ill-structured 

spatial problems, such as ones with a high degree of uncertainty and/or qualitative data. 

They are unique in that they allow decisionmakers, e.g., county leaders or public 

representatives, to play a more direct role in determining which data and how data are 

input into the GIS for analysis (Matthews et al., 1999; O’Connell and Keller, 2002; 

Delgado and Sendra, 2004; Malczewski, 2006a; Malczewski, 2006b). This attempt to pull 

decisionmakers into the realm of GIS analysis is eased by the rise of several software 

packages and extensions, such as CommunityViz for ESRI’s ArcGIS, that are designed to 

simplify, or at least streamline, the GIS analysis experience as it applies to spatial 

decisionmaking. 
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 Below is a brief overview of the various areas of the literature by subject type 

which are relevant to this research. This material is intended to provide a brief overview, 

not a current, comprehensive state-of-the-art study of the literature on co-location of 

public facility location, which currently remains lacking. Additionally, more local 

information (i.e. related to the study area, Loudoun County, Virginia) about co-location 

can be found in Chapter 3. That section discusses more of the requirements and 

considerations for planning co-located facilities.  

 

Public Facilities Location Theory 

Public facilities location theory is commonly attributed to Michael Teitz 

(DeVerteuil, 2000). While siting of private (e.g., commercial) facilities was well-

developed by the late 1960s, the siting of public facilities was, up to that point, not 

identified for special analytical considerations within the field of location theory (Teitz, 

1968). Teitz contended that the function of public facilities – equitable provision of 

public services – indicated that treatment under typical supply-and-demand market-based 

economic models was not appropriate, asserting the need for inclusion of social 

measures.  

Furthermore, a purely economic approach does not take into account other 

important considerations, such as social and development benefits and opportunities that 

might be maximized through a different planning approach, and which are traditionally, if 

not altogether deliberately, encompassed in standard planning in local government. 

Standard planning practices tend to plan public facilities as part of a system that considers 
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aspects of location, scale and hierarchical order, rather than siting facilities as discrete, 

disconnected entities, as treated in the models. This approach accentuates the sense of 

geographic space and order to ensure equitable and efficient service provision. Teitz 

explored new methods and models, including a modified Tiebout model (Tiebout, 1956), 

which is a model within which residents reveal their preferences for public goods and 

services by moving. 

The heritage of public facilities location theory since Teitz is well-cited in 

DeVerteuil (2000). Building on Teitz’s work, other scholars necessarily paid close 

attention to some of its shortcomings, one of the most serious being a lack of depth that 

precluded application of the location models to real-world scenarios. The 1970s saw 

considerable technical effort to produce quantitative approaches to public facility location 

theory. Teitz’s concerns over prioritization of efficiency and equity developed into an 

active area of theoretical study. Researchers delved more deeply into the social and 

political aspects of public facility location theory over the next decades. Teitz’s basic 

Tiebout variables were expanded, particularly by behavioral geographers, into intensive 

research intended to determine more precise, effective variables in terms of human 

behavior, preferences, and perceptions. In recent years, there has been an increased 

interest in the decisionmaking process of facility siting as well as a new reliance on other, 

non-quantitative means of research. In the 1980s and 1990s, an interest in service hub or 

facility concentration research developed. Both focus on providing geographic centers for 

public services. 
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Public Facilities Location Modeling 

There is a considerable amount of literature that focuses on access to specific 

types of public services or siting of single types of facilities as stand-alone entities (Tsou 

et al., 2005). Ribeiro and Antunes (2002) conducted location-allocation analysis for siting 

of health care facilities in Portugal by integrating advanced optimization models into a 

GIS. Li and Yeh (2005) integrated genetic algorithms within a GIS in order to site 

hospitals in Hong Kong and also recommend testing their approach with other facility 

types. Langford and Higgs (2006) compared different spatial representations of 

population and interpolation techniques in determining accessibility to healthcare in the 

UK. They found a dasymetric two-step floating catchment area model to be promising 

and recommended testing it with other public services such as schools.  

It appears that co-location of public facilities, while an important topic in the 

applied environment, is not as well covered in the academic literature. Ribeiro and 

Antunes (2002) note the scarcity of literature in the area of comprehensive public facility 

planning. Tsou et al. (2005) also note the paucity of spatial analysis and integrated 

approaches in comprehensive public facilities planning. They combine survey-based 

integrated equity indices with GIS in order to study various measures of spatial equity of 

multiple public facilities in a rapidly growing region of Taiwan. They conclude that 

extant spatial analysis has not focused adequately on other than basic location-allocation 

issues and variables, ignoring the effects of other potentially important factors such as the 

transportation network or geographic scale of analysis. 
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Suzuki and Hodgson (2003) note that site studies have traditionally focused on 

single sites for individual target groups such as pre-schoolers, teens and seniors. 

However, they believe that multi-service facilities (MSF) could cut costs considerably in 

comparison with individual service sites and would also present a less fragmented 

approach to human service provision. In their study they research siting of public-service 

MSF’s using p-median LA models.  

Suzuki and Hodgson (2005) also research a related topic: multi-purpose trips. 

They present their study as the first LA model to address multi-purpose trip-making. 

They note that little attention has been given to modeling of multi-trip activity, as most p-

median models assume one-trip activity and that the optimal solution is the one that 

minimizes distance between the point of demand and the facility. They develop p-median 

solutions to locate two types of facilities – health care clinics and pharmacies -- both as 

single- and dual-purpose, to best serve a community given varying levels and types of 

service use. Interestingly, the authors note the somewhat hidden multi-purpose nature of 

some so-called single-purpose facilities. They note that many stand-alone pharmacies 

compensate by selling other wares and offering other services, e.g., photo development. 

They also suggest that further study of hierarchical location problems and the pre-

packaging of services might be fruitful.  

 

GIS and Facility Siting Techniques 

An important recent trend is the incorporation of statistical and other models, as 

well as ancillary data, into GIS in order to develop siting methodologies (DeVerteuil, 
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2000; ReVelle and Eiselt, 2004). Langford and Higgs (2006) use census tract data and 

Ordnance Survey maps within ArcGIS to assist in developing their location models for 

determining health care accessibility. Additionally, the GIS allowed for distinctly 

different visualization of the models, allowing for better and more intuitive interpretation. 

In their genetic algorithm (GA) study, Li and Yeh (2005) note that traditional means of 

solving location problems, such as LA and p-median models, are not able to handle the 

high volume of demand points, sites, and other information usually found in GIS datasets. 

Additional GIS components included use of population data to calculate population 

density and integration of transportation data. Ribeiro and Antunes (2002) produced a 

GIS-based system that incorporates advanced optimization models for conducting LA 

analysis. The authors stress the value of GIS as both an analytical as well as visualization 

tool in narrowing the gap between facility planning analysis and application. Tsou et al. 

(2005) developed a 3-Dimensional GIS that incorporated integrated equity indices and 

spatial statistical models. Visual Basic is commonly used to run the statistical models 

within the GIS (Langford and Higgs, 2006; Li and Yeh, 2005; Ribeiro and Antunes, 

2002). 

 

Multi-Criteria Spatial Decision Support Systems  

 Malczewski (2006a) conducts an extensive review of the literature on GIS-based 

multi-criteria decision analysis. Based on his study of approximately 300 articles, there 

appears to be little literature dedicated to multi-criteria SDSS’s to assist in co-locating 

public facilities. Nevertheless, the use of an SDSS would likely solve or mitigate several 
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of the issues discussed above, such as the disconnect between theory and application, the 

inability of models to incorporate multiple types of input or to adequately account for 

uncertainty, and the need for more interaction with decision-makers and other 

stakeholders (Jankowski and Nyerges, 2001).   

An SDSS utilizes GIS in order to assist decisionmakers in data analysis involving 

a spatial component (DSSResources.com, 2007). An SDSS can be data-based, model-

based, or both. An SDSS is constructed with a GIS to support the decisionmaking process 

of a particular problem. It can be structured so that multiple variables are input and 

prioritized based on the decisionmakers’ preferences. Outcomes can be viewed and input 

provided and changed in an iterative fashion or in a comparative sense through scenarios 

so that the decisionmakers can see the modeled results. This capability to visualize and 

change input by the decisionmakers themselves is a key advantage of this methodology.  

However, perhaps the most valuable feature of an SDSS is its capacity for 

enabling common conceptualization and operationalization of a spatial problem by a 

community of potentially diverse types of individuals, such as decisionmakers, planners, 

analysts, and the public. The application of GIS for group problem-solving may be called 

“participatory GIS” or “PGIS” (Jankowski and Nyerges 2001, p. 5). While not all parties 

involved must be familiar with the workings of the GIS itself, they all must be able to 

understand the significance of the data and options presented to them and be able to make 

distinctions and choices appropriately, i.e. ones that represent their view or vision of 

reality as accurately as possible.  
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Those who generally do need to be closely involved in the theory and mechanics 

of conceptualization and operationalization of the problem are usually the planners and 

the GIS analysts, who ideally work together. Malczewski (2004) provides a useful history 

of the evolution of both GIS and planning and provides some relevant insights. First, 

while traditional GIS-based problem-solving has focused on the technical aspects of the 

data and methodology, planning is necessarily involved in relationships, politics, and 

other such non-technical, often highly complex, aspects of decisionmaking. However, 

Malczewski also notes that planning, like GIS, has also evolved over time from an 

approach that relied heavily on deriving solutions from experts using methodologies that 

relied heavily on science and technology to approaches that are more inclusive, 

participatory and based in collective design.    

Several researchers (e.g., Jankowski et al., 1997; Jankowski and Nyerges, 2001; 

Malczewski, 2004) discuss this theoretical debate between two different perspectives: the 

techno-positivist perspective and the socio-political, participatory perspective. The 

techno-positivist perspective views GIS as a technical tool into which trained analysts 

input hard factual data and derive solutions based on technical methodologies and 

techniques. On the other hand, the socio-political, participatory perspective looks to GIS 

to provide a means by which non-GIS experts can participate in spatial analysis and 

decisionmaking. It includes not only factual data, but also soft data, such as preferences, 

politics and priorities. Also, it accepts and values the inherent uncertainty in data. 

However, as Jankowski and Nyerges (2001) note, “[u]nfortunately, most of the research 
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concerning collaborative spatial decision making has been about GIS development rather 

than about GIS use, without a strong theoretical link between the two” (p. 5).  

 

Public Facilities and Sense of Community 

Various types of literature, e.g., geography, architecture and planning, support the 

concept that thoughtful planning of co-located public facilities can be used to stimulate 

the functioning of the community and also enhance sense of community in a place. 

Providing places where citizens of diverse ages, backgrounds, and walks of life can 

gather for various types of activities is an important step in establishing or maintaining a 

sense of belonging and neighborliness. Establishing or maintaining a sense of community 

may be even more critical in places undergoing rapid change, as the development of 

social bonds typically is not an immediate occurrence. Deurksen and Dale (1999) assert 

that sense of place and community is enhanced by inclusion of public facilities such as 

libraries and government buildings, along with appropriate commercial and other 

activities, in the design of town centers.  

Academic literature and particularly applied (planning, architecture, education) 

material indicates that schools can be central to establishing sense of community. Dixon 

et al. (2005) discuss schools as critical for community development, especially in efforts 

to rebuild urban communities in a post-suburban sprawl era. They note that schools are 

very important for educating and developing the community as a whole, increasing its 

educational, community, and economic infrastructures.  Fuller (2006) notes that cultural 

facilities, such as schools, help create sense of identity and place.  
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Summary 

To summarize the main points concerning the literature, there is a paucity of 

information on co-location of public facilities in the academic literature. However, there 

is an abundance of certain types of material on co-location in the applied (planning, 

architecture, education) literature. There is a wide variety of terminology and concepts in 

the literature that reflect a spectrum of types and integration of co-located facilities. 

Facilities co-location generally requires specialized approaches, with no one-size-fits-all 

approach extant.  

Thus, the application of a SDSS may prove useful. An SDSS can integrate 

multiple types and sources of data into the modeling. Furthermore, it provides the 

environment for integrating decisionmakers into the analytical process, which not only 

provides more direct access to requirements and preferences that are necessary input to 

the modeling but also allows the opportunity for decisionmakers to visualize the results 

of their input. This capability is important because it helps validate the process for the 

decisionmakers as well as refines the requirements and preferences themselves.   
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3. Data and Methodology 

 

Study Area 

The study area is Loudoun County, Virginia, an outer suburban county in the 

metropolitan Washington, D.C. area that borders directly on two other states (West 

Virginia and Maryland; see Figure 1). Loudoun County has undergone rapid growth over 

the past several years due to suburbanization associated with expansion from the 

Washington, DC area as well as attractions to the county such as growing job 

opportunities, housing availability, and quality of life. In 2005, Loudoun County had the 

highest median household income in the U.S. – $98,483 – and was also the fastest-

growing county of its size (US Census Bureau, 2006).  

Loudoun County’s population has increased dramatically, particularly over the 

past decade. The population was 86,129 in 1990, 169,599 in 2000, and 268,817 in 2006. 

Loudoun County has changed considerably both demographically and socio-

economically over the past few years, becoming more diverse in terms of race and 

ethnicity, as well as becoming wealthier. Furthermore, it is demographically distinct in 

some ways from both the state and nation, as can be seen in the chart in Table 1. As of 

2006, the county’s population is, overall, younger, more family-oriented, better educated, 

and wealthier than the averages for both Virginia and the United States. Loudoun County 
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Figure 1. Loudoun County Regional Map 

 

 

residents have more young children (i.e. younger than 5 years of age) than the average for 

Virginia or the US, more labor force participation, a higher rate of home ownership, and 

tend to have a longer commute to work. They have a larger per capita income, as well as 

a higher median household and family median income, which is over double that of the 

US average. There are substantially fewer families and individuals living below the 

poverty line in Loudoun County than in Virginia or the US overall. In recent years, the 

percentage of foreign-born residents has almost doubled in Loudoun County. In 2006 it 

was over twice that of the Virginia percentage and almost twice that of the US.  
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Loudoun County is culturally and economically composed of two rather distinct 

areas. This split is a unique part of the county’s nature and dynamics, with the geographic 

divide generally located along north-south Highway 15 (see Figure 2).  

 
 
 

 
Figure 2. Roads and Towns of Loudoun County. Source: Loudoun County Government 
 
 
 
The split is evident in the landscape and lifestyle of its residents. The east is more 

developed, and is strongly characterized by DC-related suburban development and  
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technological, transportation, and research-related industries of the Dulles Technology 

Corridor centered on Dulles International Airport, e.g., MCI, United Airlines, Howard 

Hughes Medical Institute, and, until recently, AOL. In the east, a substantial, albeit 

shrinking, number of the residents have lived there for less than five years. Common 

opinion is that they are commuters who have little involvement in county affairs, have 

little connection with the county, and that their lives revolve around work and school. 

The community in western Loudoun is somewhat eclectic, consisting of various types 

such as traditional Virginia farmers, old-money equestrian estates owners, well-to-do 

preferring a rural lifestyle, and WIFI telecommuters, among others. It is known as horse 

country and it is home to multiple vineyards and wineries, some of which have gained 

international renown. 

Loudoun County’s budget is approximately $1.2 billion, with a considerable 

amount going into development and construction. There is an ongoing, sometimes 

acrimonious, debate in Loudoun County over development. There is an overall push by 

some, e.g., developers and some elements of the government, to develop. In eastern 

Loudoun, where the development trend began for the county, there continues a steady, 

albeit slowing pace of development. While development of western Loudoun is being 

pushed, there is also substantial support for preserving the traditional bucolic flavor it 

adds to the community and economy.  

There is considerable concern in Loudoun County about how to provide public 

services to its residents, given the rapid pace of growth and the limited amount of land  
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available to the government. Additionally, it has been noted that even if the influx of 

people into the area were to drastically slow down, the county still would need to provide 

a considerable number of new public facilities, particularly schools, to keep up with 

demand. Dropping property taxes associated with the slowdown of the housing market 

indicates that the County may become short of money to readily provide such facilities 

(Hernandez and de Vise, 2008). This situation has heightened the County’s interest in 

pursuing co-location of public facilities as a means of saving resources. 

The County has taken several steps to cope with the rapid development and 

resulting deluge of newcomers while providing a continued high level of services to its 

residents. This high level of service provision is evident in the consistently high ratings 

given to public services in periodic public surveys conducted by Loudoun County since 

1995 (County of Loudoun, 1996, 1998, 2000, 2001, 2003, 2006, 2007). Loudoun County 

has installed new offices, personnel, and functions. For example, it established a new 

office to manage construction projects. It also designated or hired individuals to purchase 

or otherwise acquire land for the County, such as for public facilities. The Proffer Matrix 

Team was developed to streamline and manage the proffer process. Loudoun County has 

used the County’s GIS managed by the Loudoun County Office of Mapping and 

Geographic Information (OMAGI) to develop models and other analytical products to 

support analysis and decisionmaking tied to development plans and projects. A team of 

Loudoun County and Loudoun County Public Schools staff was directed to review 

County policy and standards on facility co-location and to develop guidelines outlining  
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which types of facilities are more appropriate to co-locate. This joint team, as well as the 

Loudoun County and Loudoun County Public Schools land acquisition staff, regularly 

evaluate public use sites and potential public use sites for co-location opportunities. The 

County has also included questions about usage of and satisfaction with public services in 

the public surveys mentioned above.   

 

Data 

In addition to the above measures, Loudoun County has also developed a policy 

on co-location as a means to better support its growing communities. According to the 

Loudoun County Revised General Plan:    

“[t]he County encourages the co-location of County facilities where they 
are feasible and can function effectively as multi-purpose community 
facilities (e.g., community meeting space, shared parking, athletic fields, 
and integrated design)” (p. 3-9). 
 

In 2004, recommendations were made to adjust this statement to read  

“encourages the co-location of County and School facilities.”  

This was done for two main reasons: 1) the school system operates as a separate entity 

from that which plans and builds other public facilities. As such, it maintains a distinct 

mission and has separate planning and budgeting processes and cycles. Thus, this 

statement is both more precise and more directive. Also, there is an increased 

understanding of the co-location implications of the high rate of school construction 

ongoing in the County. For example, the school system can offer some of the best co-

location opportunities in terms of land availability, location, timing, and facility 
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compatibility. However, the recommendation for change in wording has yet to be 

included in the policy.  

The County has developed its own body of co-location literature that establishes 

specifications, standards and information on co-locating public facilities. In general, in 

planning a co-located site, the major planning players are the Office of Capital 

Construction (OCC), Budget, the departments involved in the specific co-location 

project, e.g., sheriff, schools, and, for political oversight, the County Administrator. In 

terms of facilities planning, the Capital Needs Assessment (CNA) is used for longer-term, 

i.e. ten-year, planning purposes while the Capital Improvement Program (CIP) is for 

short-term planning, i.e. two year, and implementation. The Fiscal Impact Committee 

(FIC) serves as the bridge between the two planning cycles, i.e. CNA and CIP, and also 

serves to assist in determining where and when the County will need new facilities based 

on projected population growth.  

Based on conversations and interviews with multiple County personnel, there 

appears to be a widespread and general understanding across multiple levels throughout 

County government that co-location is an important County goal. However, 

implementation of the co-location policy is proving more difficult. This appears to be a 

common phenomenon per the academic and applied co-location literature discussed in 

the review of the literature section.  

 The section below is intended to constitute the status of co-location in Loudoun 

County from 2006 to 2007. Aside from referencing current County written material,  
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multiple interviews were conducted in order to gather information from government 

officials about the potential for co-locating public facilities in the County. Included are 

County government standards for facilities, guidelines for locating and co-locating 

facilities, as well as preferences and issues concerning location and co-location from 

various County perspectives.  It addresses both co-location, in general, and the co-

location of specific types of public facilities. Information from the academic and applied 

literatures is included to support or augment the County material.  

 

Co-location 

According to the Assistant to the County Administrator, Loudoun County has co-

located public facilities based on four models which are outlined below. The first model 

covers public facilities co-located on proffered land sites. These co-location projects 

involve the soliciting by the County of proffer sites large enough to install co-located 

facilities based on County capital facility standards (Table 2). For example, instead of 

requesting a proffer for only a library, the County might request a proffer for a site to co-

locate a library, a senior center and a farmers market. The County conducted such a 

project in Potomac Falls, near Sterling in eastern Loudoun County. Such projects save the 

County land acquisition costs, with savings estimated to be $1,500,000 to $6,000,000 per 

project in land acquisition alone.  
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Table 2. Fiscal Year 2008 Adopted Capital Facility Standards   

Department Capital Facility Standard 

Animal Care and Control Animal Shelter 0.079 square feet per capita 

Fire & Rescue Fire & Rescue Station 1:25,000 population 

Fire & Rescue 1500-Engine 1:10,000 population 

Fire & Rescue ALS Ambulance 1:10,000 population 

Fire & Rescue Ladder Truck 1:25,000 population 

Fire & Rescue Heavy Rescue Squad 1:50,000 population 

Fire & Rescue Fire & Rescue Station - Western 1:10,000 population 

Fire & Rescue 1500-Engine – Western 1:10,000 population 

Fire & Rescue ALS Ambulance – Western 1:10,000 population 

Fire & Rescue Tanker – Western 1:10,000 population 

Fire & Rescue Brush Truck – Western 1:10,000 population 

General Government Office Space 1 square foot per capita 

Health Department Health Clinic 0.5 s.f of clinic space per #client 
visits 

Juvenile Court Services Unit Juvenile Probation Residence 1:250,000 population 

Library Services Library 0.6 square feet per capita 

Mental Health Retardation Residential Facility 1 bed slot:5,375 population 

Mental Health Mental Health Residential Facility 1 bed slot:3,665 population 

Mental Health Adolescent Treatment Ctr. 1 bed slot:237 youth 15-18 

Mental Health Adolescent Group Home 1 bed slot:382 youth 16-17 

Mental Health Adolescent Group Home 1 bed slot:957 youth 12-15 

Office of Transportation 
Services 

Regional Park & Ride Lot 1:25 s.m. suburban 1:100 s.m. 
County 

Office of Transportation 
Services 

Community Park & Ride Lot 1:4 s.m. suburban & towns 

Office of Transportation 
Services 

Bus Maintenance Facility 1:100 transit vehicles 

Parks & Recreation Recreation Center 1:75,000 population 

Parks & Recreation Regional Park 1:75,000 population 

Parks & Recreation District Park 1:25,000 population 

Parks & Recreation Community Park 1:10,000 population 

Parks & Recreation Teen Center 1:10,000 population 12-14 

Parks & Recreation Senior Center 1:10,000 population 55+ 

Parks & Recreation Respite Center 1:15,000 population 55+ 

Sheriff’s Office Substation 1:75,000 population 

Family Services Juvenile Detention Center #centers=x*0.0395/585 

Family Services Youth Shelter #shelters=x*0.0116/144 

Family Services Transitional Homeless Shelter #shelters=x*5%*3.24*19%/45 

Family Services Emergency Homeless Shelter #shelters=x*5%*3.24*68%/190 

Family Services Juvenile Assessment Center 1:County 

Family Services Transitional Independ. Living Res. 1:250,000 population 

Schools Elementary School 875 students 

Schools Middle School 1350 students 

Schools High School 1800 students 
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The second model deals with co-locating departmental programs in a combined 

facility. In this case, the programs or services operate within a single facility. Combining 

services in one building reduces the amount of acreage that would have been required had 

the services been housed in separate facilities. Additionally, the requirements for the 

building footprint itself are reduced by co-locating services in such a manner. This all 

translates into savings in land requirements and land costs, as well as potential savings in 

construction costs and operating costs. Loudoun County has developed a sub-model for 

this type of co-location – the Public Safety Center. The Public Safety Center is the co-

location of a Fire and Rescue station and a Sheriff substation in a location that is optimal 

for both services. This last point – that of optimal location – is critical. Fire and Rescue 

stations and Sheriff substations have distinct locational requirements and preferences. 

Sometimes, they are locationally compatible; sometimes, they are not. Thus, the County 

has accepted that some facilities will have to be standalone facilities. However, in the 

cases where they are co-located (i.e. as part of a Public Safety Center), they are combined 

into one facility.  

The third County co-location model co-locates public facilities on existing 

property owned by the County. The County is particularly targeting schools for this type 

of co-location. As mentioned earlier, schools, along with Parks and Recreation facilities, 

have the largest land requirements of all public facilities. The County has found several 

opportunities where the schools department could carve out (i.e. subdivide) an area for 

another facility, such as a Sheriff’s substation. This approach obviously saves money in  
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land costs, given that no new land is needed. Additionally, smart planning can lead to co-

locations that enhance sense of well-being, if not specifically sense of community. In the 

case of the co-location of a Sheriff substation with a school, anecdotal evidence indicates 

an elevated sense of safety among school staff and parents.  

The fourth model covers co-locations achieved through acquisition of large land 

tracts and master planning. This type of co-location tends to involve the most resources 

and the most intensive long-term planning. The County has only one example to support 

this type of model. It is a large, ongoing 15-year project involving the gradual acquisition 

of a 692-acre contiguous site where, ultimately, up to 35 various types of public facilities 

will be located. This service center-hub type of co-location project promises not only 

huge savings in resources (e.g., land requirements, land costs), but also great potential for 

creating sense of community as well as synergy of government services.  

The County has amassed a wealth of institutional knowledge concerning what can 

be called the mechanics of co-location. First, as suggested above under the co-location of 

departmental programs in a combined facility model, it is important to distinguish 

between campus style, i.e., separate buildings, and multiple-use, or combined, facilities. 

The latter is considered more likely to save on operational costs because the services 

share the facility and its infrastructure (Head of Loudoun County Department of General 

Services, personal interview, November 7, 2006).   

In terms of co-location, costs might be spared on initial construction and could 

also minimize the amount of land needed for co-located facilities by planning and 
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building them together. However, in order to gain the greatest savings on mobilization 

costs, the facilities should be planned and built at the same time. Concerning facility/site 

design, utilities and maintenance could be reduced over the life of a building if it is more 

compact. (Head of Loudoun County Department of General Services; Operations 

Manager for Office of Capital Construction, personal interview, November 13, 2006). 

Another consideration is to save on fiber optics by running them from a pre-existing 

building to another, even if the facilities can not be built at the same time (e.g., due to 

funding constraints). If one facility is to be built later, savings in money and time can still 

be accrued by installing the conduits when constructing the first facility. 

Theoretically, the County could place one design contract with one bid, thus 

acquiring one contractor to save on mobilization and site development costs. However, 

design by a single architect could be problematic, as architects often specialize in specific 

types of buildings. Thus, it might be harder to use the same architect if one is trying to 

co-locate different types of buildings, such as a Fire and Rescue station with a 

community center.  

In terms of land requirements, one of the most significant space savers in co-

location is the reduction or elimination of the setback area normally required as buffering 

between parcels and/or facilities. Parking is also commonly considered an area that could 

be a big space-saver under a co-location project. However, it appears that facilities may 

not be able to share as much parking as assumed. Zoning and permitting regulators 

require established minimum parking spaces for individual facilities. However, co- 
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location might still save on parking by establishing larger shared lots, which could save 

money in lighting, construction, setback, and drainage. However, other considerations, 

such as environmental, would have to be taken into consideration, such as the impact of 

such a large, continuous, impervious surface. 

 

Public Schools 

There is a relatively large body of literature on co-location and schools in the 

academic and particularly the applied literature. While this section would also have been 

appropriate in the literature review above, it serves as a useful introduction and 

supplement to the local, i.e. County, input on school co-location. The same can be said 

for subsequent sections on public libraries and parks and recreation facilities that contain 

discussions on both the academic/applied literatures followed by local County input. This 

material served as critical data for the project.  

Co-location of schools with other public facilities is becoming more common 

(Donnelly, 2003). In fact, the literature on co-location and schools constitutes the bulk of 

the research on co-location material and is found primarily in the education and 

architecture literatures. Main topics include the reasons behind the drive to co-locate, 

cost-benefit analyses of co-location, planning and design considerations, and abundant 

case studies. In terms of causation behind the drive to co-locate schools, Romeo (2004) 

proposes that demographics may be the reason, as baby boomers’ children are now 

overloading the school systems. Stevenson (2006) further notes that a school-age 
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population that is rapidly diversifying in terms of race, ethnicity, and socio-economic 

status requires more support, something difficult to achieve under current educational and 

tax structures.  

A variety of co-location projects highlight a spectrum of integration, with 

campusing at one end of the spectrum and full incorporation of services at the other. New 

Visions for Public Schools and Laura Kurgan (2005) describes campusing small schools 

that share common facilities such as cafeterias, libraries, health clinics, and gymnasiums. 

The report notes that such shared facilities are important for public use, as well, and 

discusses appropriate design and access for accommodating public clients. Sanoff (2002) 

describes a one-stop shop style of educational co-location that co-locates a pre-school, 

before- and after-school childcare, a learning resource center for students and parents, a 

science center, dedicated area for family programs and community use, and counseling 

and healthcare services. 

Many in education and associated disciplines promote school co-location for 

various benefits. The BEST (2005) report notes that co-location is a way to cut or share 

costs between entities, particularly in terms of site acquisition, design costs, 

construction/renovation costs, and operating and maintenance expenses. Bingler et al. 

(2003) promote co-location of other facilities, e.g., health care and child care, with 

schools to save money and enhance sense of community and education. Filardo (2002) 

notes that in addition to providing an important meeting place for the public at large, co-

location of valuable community facilities or functions at schools can also enhance the 
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educational quality for the students by serving as a draw for parents and students. Romeo 

(2004) discusses the rising trend in co-locating schools and other community facilities 

and services to ease crowded, financially strapped school systems, mitigate sprawl by 

creating more compact service centers, and promote sense of community. In what he 

describes as the whole is greater than the part, co-location adds functionality, value, and 

versatility to communities. He also states that communities can get more out of schools, 

which are often the most expensive of public facilities, by co-locating them and opening 

them up to the public. Weiss (2004) discusses how schools that co-locate or share, e.g., 

public-private partnerships, with the community can improve economic conditions.  

The literature strongly points to school co-location as having a positive impact on 

sense of community. The 2005 report by American Architectural Foundation and 

KnowledgeWorks Foundation, while focusing on multiple aspects of education, pays 

considerable attention to schools as centers of community, both for the sake of traditional 

education, i.e. enhancing learning for K-12 students, as well as education and 

community-building for the residents. The BEST 2005 report states that school co-

location should also be viewed as a positive influence in a community. Stevenson (2006) 

promotes community centers that house schools as a good solution for meeting the needs 

of such disparate, fragmented communities. He surmises that community centers – 

economical, efficient, and socially broad-based – would serve as centers of community. 

Filardo (2002) discusses community involvement in schools and notes that schools are 

opening up more to community use for needed space, services, and gathering places. She 
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emphasizes that schools additionally can foster a sense of community and belonging 

among both students and the public. 

Many sources, such as 21st Century Fund (2001), note that there are no 

universally applicable co-location solutions; cases are situation-dependent. Thus, 

planning is key to successful school co-location projects. New Visions for Public Schools 

and Laura Kurgan (2005) discusses the importance of a participatory master plan process. 

There are several reasons why this is important, such as:  

1) there are often many stakeholders with different agendas involved, and  

2) inclusion of the various concerned entities enhances the overall process and 

strengthens the sense of community and shared interests.  

Romeo (2004) notes the importance of planning mixed-used schools with flexibility so as 

to meet future, changing demographics and needs in what is called a flexible civic good.  

Planning for school co-location projects often translates into a larger group of 

participants involved in the planning process. This type of project requires time, 

cooperation, and commitment from multiple parties, such as the public school system, the 

local government, the private sector, and the public. Success is strongly dependent on 

interaction with, and support of, community organizations and members (21st Century 

Fund, 2001). This often situates the planners as the mediators between the entities 

(Donnelly, 2003). Romeo notes that coming to an agreement among the many 

stakeholders in a co-location endeavor can prove to be the most difficult part of the 

project. Several sources also advise the careful drafting of written agreements among 
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partner users, to include responsibilities, space allocation, and schedules of use (JFW, 

Inc., 2006).  

Community involvement in planning for school co-location projects is highly 

recommended (Filardo, 2002). Bingler et al. (2003) provides recommendations on 

involving various components of the community, including business, senior citizens, 

community organizations, government elements, including law enforcement and fire 

departments. He also states that two critical steps in community involvement are crafting 

a collective community vision and identifying the resources available for community use. 

Filardo (2002), who supports community involvement in all phases of school planning 

and operations, sees particular value in garnering community input during the envisioning 

stage. Sanoff (2002) stresses the importance of involving the community, including 

teachers, students, parents, administrators, local government, organizations, businesses, 

and the public at large in school planning. He argues that schools are often the centers of 

their communities – or should be – and that it is not only appropriate, but critical for the 

public to be deeply involved in their planning. He states that there is currently strong 

support for such community involvement in school planning and operations. Both Filardo 

(2002) and Sanoff (2002) promote the use of surveys as an effective means of gathering 

needed information from the public, such as opinions about a proposed co-location 

project. 

Also important is the issue of funding. Planning school co-location projects, as 

with other co-location projects, involves a more resource-intensive planning process. 
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Thus, costs are generally higher at the beginning of the project and sometimes are more 

expensive overall, depending on the goal. However, there are sources of funding 

available. For example, some states provide funding support for co-location projects 

(BEST, 2005). Some federal grants and organizations also provide funding and/or assist 

in raising money (e.g., Neighborhood Investment Fund) to help fund the planning, 

design, and management of projects (JFW, Inc., 2006). Others provide dedicated 

professional planning support.  

Part of the strategy to tie schools to the community and preserve resources is 

through private-public partnerships (PPP), which may be considered strongly linked to 

healthy co-location projects. Private-public partnerships are increasing in number (21st 

Century Fund, 2001; The Appleseed Foundation, 2004). The 21st Century Fund states 

that properly planned and executed PPPs are considered by many to be an appropriate 

and economical way to create and run efficient and effective schools and to promote 

goodwill in communities. Filardo (2002) also promotes public-private partnerships for 

synergistic value for what she calls community (not merely public) schools. New Visions 

for Public Schools and Laura Kurgan (2005) states that focusing on partnerships with 

non-profit, cultural and other organizations and entities provides an innovative and 

economical approach to education and community development. Examples of such 

endeavors include fire safety training with the local fire department, partnership with a 

botanical garden as a science demonstration facility, and partnership with an institute of 

higher education to support programs focusing on law or science. Allocation of space to 
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support inclusion of affiliated outside entities is very important. This can include 

dedicated or shared offices and the creation of town hall rooms, which can be used by 

students, faculty, parents, supporting outside entities, and the general public (New 

Visions for Public Schools and Laura Kurgan, 2005).  

The opening up of schools to the public brings with it another significant planning 

consideration: how to keep students safe and secure. Filardo (2002) notes that while co-

location can offer significant benefits to both students and the public, security constitutes 

a key planning task. The nature of the co-location project involves determination and 

construction of appropriate access to the facilities by the various users (JFW, Inc., 2006). 

It is important that key providers of security in the community, particularly law 

enforcement, as well as the community at large, are involved in the planning process to 

ensure proper security as well as community acceptance of the planned co-location 

project.  

 

Public Schools: Local Input 

As mentioned above, Loudoun County has a higher-than-average number of 

children, particularly pre-schoolers. Until recently, there had been approximately 3,000 

new students per year but this growth appears to be slowing down, most likely due to the 

slowdown in the housing industry. However, there is still a tremendous flow of people 

coming to Loudoun County and having families. In fact, it was estimated by the Loudoun 

County Fiscal Impact Committee that even if no new houses were built, new schools 
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would still have to be constructed just to accommodate the high number of pre-school 

children already there. Because of this, Loudoun County Public Schools (LCPS) is in a 

cycle of constant school planning and construction, with approximately 4-6 new schools 

built and 2-4 schools renovated per year. There is a common belief in the LCPS 

community, as well as in the County government in general, that co-location of other 

public facilities with schools would be the most efficient and productive method for 

providing public facilities. Several requests have been made by public facility department 

heads to co-locate facilities on school sites, e.g., Sheriff substations. Furthermore, LCPS 

solicits requirements from the County for public facilities needs that it can consider when 

purchasing land (LCPS Land Acquisition Manager, personal interview, September 21, 

2006).  

The schools planning process is outlined as follows (LCPS Land Acquisition 

Manager, personal interview, September 21, 2006). LCPS first considers population 

density and need, the pattern and the timeline of development, plans and predicted plans 

of developers in the area, and local birth rates. LCPS personnel then use this information 

to forecast where and when growth will occur. They next look at the physical features of 

proposed plots, conduct geotechnical investigation through mapping,  e.g., soils, central 

facilities, estimate development expenses, visualize topographical lay-out and 

components of the proposed school, to include Americans with Disabilities Act (ADA) 

accessibility, maximum slopes, water quality, wetlands mitigation, and office space. 

Once they are satisfied with a plan, they take the recommendation to the LCPS Board. 
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Finally, they conduct a community input session. At this point, the site is usually already 

under contract.  

LCPS has used what it calls the prototype as its design model for approximately 

the past ten years. The prototype design generically includes the following features: core 

facilities; cafeteria and kitchen; gym; art rooms; music rooms; and classrooms. This 

information is important for two reasons: 1) the one-story prototype model defines and 

limits the land requirements for locating schools; and 2) the facilities common to 

Loudoun County schools may be an important consideration when planning or 

considering co-location or multiple-use projects for schools. Interestingly, as of 2006, as 

land acquisition becomes more difficult in Loudoun County due to reduced land 

availability and decreased proffers from developers, LCPS has begun to look more at 

atypical designs.  

Estimating student enrollment is another critical aspect of siting schools. The 

County is divided into areas and subareas in a GIS, a process that is updated annually. 

Within that system, high school clusters are designated. Demographics and planning 

zones are developed in geographical areas which are rolled up into the high school 

clusters. Planning zones are reassessed annually and adjusted due to geographic, man-

made, and demographic changes (LCPS GIS Manager, personal interview, November 20, 

2006). In order to derive schools-related demographic projections, pupil generation 

factors are combined with types of housing and other factors. Student information is 

extracted annually, geocoded, and factored by planning zone according to the projected 
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number of new housing units. Pupil generation factors are then attached. Through this 

process, LCPS anticipates the number of students and residential development data 

required for projecting future student figures. 

As mentioned above, use of schools by the community for other than standard 

student educational purposes is considered an economical utilization of schools as well as 

a community-building opportunity. In Loudoun County, use of schools by the community 

is restricted to certain groups, such as churches and to the County’s Department of Parks 

and Recreation (P&R) and Community Services. According to LCPS records of 

community use, elementary schools are used the most, middle schools less, and high 

schools the least. High schools are likely used the least because they typically conduct the 

most after-school student activities, such as sports.  

In terms of schools co-location, it takes time, willingness, and coordination on the 

part of several parties, including the County leadership and the community. Several 

individuals have provided ideas for facilities and services that may, or may not, be 

appropriate and/or favorable for co-location with schools, such as Parks and Recreation 

facilities, group homes, day care facilities, shelters, sheriff’s facilities, senior citizens’ 

centers, adult education centers, computer centers, and community centers. Table 3 

provides current County guidance on the most appropriate facilities to co-locate with 

schools. Under each school type column are listed several facilities that Loudoun County 

feels would be appropriate for co-location. These facilities are not listed in prioritized  
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order. Any level of school, i.e. elementary, middle, high, is considered appropriate to co-

locate with any other level of school. Appropriateness of park type is determined by park  

 

Table 3. Guidelines for Co-Location Opportunities with School Facilities (not prioritized) 
Elementary School Middle School High School 

Middle/High School Elementary/High School Elementary/Middle School 

Community Park District Park Regional Park 

Library  Recreation Center Recreation Center 

Senior Center Teen Center Teen Center 

Sheriff Substation Sheriff Substation Sheriff Substation 

  

 

size, e.g., a community park is relatively small, so is more appropriate to be co-located 

with an elementary school, which is also small compared to the other two school types.  

The LCPS Planning and Legislative Services Director (personal interview, March 

13, 2007) confirms that there are opportunities for small service facilities, e.g., Sheriff 

substations, on school sites. However, other combinations might be problematic. For 

example, in his opinion, a school-public library mix would be difficult to arrange, such as 

in design, management and safety, an opinion essentially shared by the head of Loudoun 

County Department of Library Services (personal interview, March 9, 2007). Another 

example is that of a high school and a regional park; this might seem an appropriate co-

location but, according to LCPS, might be problematic. For instance, in the spring, the 

park would likely be fully booked by the high school for sports. However, there is 

potential for other co-location efforts with Parks & Recreation. For example, LCPS has 
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built offices in elementary schools for specific use by Parks & Recreation to arrange and 

coordinate activities and programs specifically for those schools. On the other hand, there 

are no senior activities programs at schools, although one school has a small active 

elderly program/relationship. More discussion on intergenerational activities is found 

below under the Parks and Recreation section.   

There are likely many other untapped opportunities for interaction between 

schools and the community, as suggested by the literature. It can be expected that as a 

high-income, highly educated county, Loudoun County is a connoisseur kind of 

community in its demands, preferences and expectations for schools and other services 

and may demand more non-traditional synergies as they become more mainstream, 

including co-location and public-private partnerships. The biggest challenge to co-

location may lie in changing both common opinion and government business-as-usual 

methodologies and procedures. One example is learning to work through legal 

requirements to facilitate public-private endeavors. 

 

Public Libraries 

Co-location of libraries with other libraries or facilities appears to be more 

controversial than one might think. While theoretically other public facilities (e.g., 

community centers, senior centers) might be co-located with public libraries, the 

literature primarily focuses on co-location of public libraries with other libraries and/or 

with educational facilities, often called joint-use libraries. Indeed, the most common type 
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of joint-use library appears to be created by an educational institution and a public 

library, such as the school-community library combination. The collaboration between 

school districts and public libraries for provision of services in the libraries is becoming 

more popular, such as the establishment of homework centers, literacy programs, career 

counseling, computer training, and intergenerational programs (Haycock, 2006). 

There are advantages and disadvantages cited for joint-use libraries. For 

advantages, Dalton et al. (2006) asserts that joint-use public libraries can save money and 

space, develop synergy between educators of various types, and boost sense of identity 

and community in an area. Hansson (2006) claims that an appropriately placed and 

planned joint-use library can enhance sense of identity and community, especially in 

small communities. As modern societies transition into information societies, the role of 

the public library is changing, making joint libraries more appropriate and desirable in 

many places. Haycock’s advantages include better collections and service, reduced 

duplication of effort among separate libraries, and economic value. Kauppila and Russell 

(2003) attribute the revitalization of downtown San Jose, California in part to a joint-use 

library. They also note that cost and other resource savings and the reinforcement of 

education in the community are the primary key advantages of properly planned and 

operated joint-use libraries. McNicol (2006) notes that the advantages of joint-use 

libraries to the community include: enhanced facilities; convenience, e.g., stop at library 

while picking up children from school; lifelong learning approach; and intergenerational 

interaction. She notes that joint-use libraries are particularly beneficial to the public when 
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established in small communities, where such services might not be provided otherwise, 

and often serve as centers of community in such environments. Other benefits of joint-use 

libraries to communities include longer operating hours, better use of facilities and 

resources, and promotion of greater community interaction.  

Disadvantages of joint-use libraries include the following. Bundy and Amey 

(2006) note that location is often an issue for joint-use libraries. They state that public 

libraries should be located in close proximity to retail and community centers. However, 

educational facilities are not usually located in such places. This creates a dilemma for 

determining an appropriate location for a joint library that will still maximize use by the 

partners’ user bases. If the library ultimately is sited near the educational facility, it falls 

upon the public library leadership to be aggressive in marketing so as not to lose users.  

There are often different roles between public and private libraries. Hansson 

(2006) argues that an important distinction between an academic library, e.g., university 

library, and a public one is that public libraries serve more as a political and social 

institution than do academic libraries, which revolve more around knowledge 

transmission, particularly in terms of science and education. Haycock’s (2006) 

disadvantages include: reduced patronage by those unwilling to share facilities or to go 

further distances; crowding; staff support to multiple or time-intensive users; and 

availability of and access to resources. He also notes possible additional problems. The 

partners in the joint venture often have dissimilar fundamental purposes, such as a high 

school and a public library, leading to complications in planning. Locational  
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requirements of the partners may be different, leading to reduced usage without proper 

counteractions, such as increased public promotion. Also, political and educational 

system boundaries are rarely the same. This can lead to confusion in terms of 

responsibilities. Sullivan et al. (2006) cite the challenges of including different 

organizational missions, fiscal calendars, funding sources, guidelines, and automation. 

McNicol (2006) lists disadvantages or challenges as difference in focus between the 

school and community partners, accessibility issues, social stigma, e.g., public users may 

feel uncomfortable around a lot of teenagers, relatively remote location of the facility, 

and improperly sized facilities. He also asserts that while joint-use libraries are often 

beneficial for the educational partner in the agreement, benefits for the community are 

sometimes questionable. Concerns include the moving of the public library from the 

center of town and community to more remote academic locales, as well as resource 

allocation procedures and policies that favor academic over public users. 

Not surprisingly, there are multiple considerations for planning joint-use libraries. 

However, Dalton et al. (2006) note the paucity of joint-use library models above the 

small-scale high school–public library type. They also note that joint-use libraries require 

not only an appropriate degree of planning, but also ongoing collaboration, coordination 

and evaluation in order to be successful. Community involvement is commonly 

considered critical to success (McNicol, 2006). Evaluation with public input can 

determine support or opposition to the facility and can identify changes in user 

populations (Dalton et al., 2006). Kauppila and Russell (2003) discuss the importance of 
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involving the public in the feasibility study and during the planning process, e.g., a series 

of community forums. Dorrington (2006) advises that an important consideration in 

planning a joint-use library is that it must be able to support users with varying degrees of 

experience in the library’s material and technology. Furthermore, marketing and 

promotion of the joint-use library are even more important than for regular libraries for 

keeping the public informed about the library and its resources. Hansson (2006) warns 

that understanding the history and role of one’s public institutions and facilities is 

important if a government is planning on changing how such services operate. He also 

notes that local assessment of the role of the library (and other facilities) in the local 

community is an important consideration in planning joint-use libraries. Significantly, 

Haycock (2006) notes that there often are little or no savings involved in terms of 

operational costs. Thus, it is important that the dual-use library have a commonly agreed 

upon fundamental purpose for existing other than the notion of saving money. However, 

while Haycock does not mention it, it is important to note that even though such a project 

might not save on annual operating costs, it still might save on land and/or construction 

costs. As with co-located schools projects, written formal agreements are important for 

successful joint-use libraries (Kauppila and Russell, 2006). Sullivan et al. (2006) support 

visiting similar facilities, or at least the review of other models, as being invaluable, 

particularly for gathering advice and information, understanding challenges, and learning 

how to develop an Intergovernmental Agreement between the partners in a joint pursuit 

before making decisions. McNicol (2006) states that siting the joint-use library near other 
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public facilities and commercial and leisure activities can boost its success in the 

community. Lastly, Kauppila and Russell (2003) note that the amount of collaboration 

among multiple communities, disciplines, and organizations on a joint library project can 

be considerable and needs to be a planning consideration for similar endeavors.  

 

Public Libraries: Local Input 

Compared with other US counties, Loudoun County is above average in its use of 

public libraries, which is not surprising given its resident profile. Furthermore, Loudoun 

County Public Libraries (LCPL) is also well above the national average in terms of 

Hennen’s American Public Library ratings, which rank public libraries across the country 

based on multiple criteria. The head of LCPL states that while he does not generally 

consider co-locating public libraries with schools a good practice, he does favor 

campusing, which is still a form of co-location as it sites public facilities on the same 

plot, but in separate – and separately run – buildings (personal interview, March 9, 2007). 

As seen above in the literature, this is a typical opinion among public librarians. 

However, in terms of schools and working with students, LCPL offers special programs 

to make integration of school work and public library activity easier. For example, LCPL 

and LCPS have common databases so students get accustomed to the same kind of 

database and also to facilitate sharing of resources. LCPL is also developing more 

programs with teens. For intergenerational work, LCPL offers an outreach program to 

nursing homes.  
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In terms of locational requirements and preferences, LCPL lists the following as 

considerations in siting its facilities: 

• it should be easily seen; 

• it should have adequate parking; 

• it should serve as a draw for walk-ins, such as schoolchildren and others without 
cars; 

• natural barriers, such as hard-to-cross roads, should be avoided; 

• it should be near the center of town; 

• it should be close and convenient for its user base, such as for commuters trying 
to make a visit before closing time; and 

• generally speaking, it should not be greater than three miles on average away 
from its users. Experience has shown that if people do not have a library close by, 
they generally will simply not use libraries.   

 
 

Parks and Recreation 

There appears to be little literature on the co-location of parks and community 

centers with other facilities. However, there is material concerning co-location of senior 

services, which is a subordinate program of Parks and Recreation in Loudoun County. 

The following discusses the literature concerning intergenerational facilities, programs, 

and services, which often translates into some form of co-location or shared use of 

schools between the young and the elderly. There are several organizations that promote 

intergenerational facilities and activities, such as Generations United, the American 

Association of Retired People (AARP), and Interages. Generations United and the AARP 

define a shared site as “one where multiple generations receive on-going services and 

programming at the same site and where the young and the old generally interact through 

planned intergenerational activities” (Generations United, 2002). Examples of shared 
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sites and resources include a childcare center co-located with a nursing home or use of a 

school fitness center by the elderly during the day and by students after school. 

Generations United (2002) notes several types of places that could house 

intergenerational sites, such as parks, museums, community centers, and libraries. 

Sullivan (2002) provides several other, more current examples, including facilities where 

seniors and students share cafeterias, fitness areas, and computer centers and facilities 

that house schools, senior centers, community centers, performing arts centers, offices for 

non-profit organizations, and/or child-care centers.  

As with other co-located or shared facilities and services, there are advantages 

and disadvantages to intergenerational ventures. Among other benefits, including cost 

savings, Generations United (2002) claims that strong intergenerational relations 

strengthen the sense of community in what it perceives to be an overly age-segregated 

society. Sullivan (2002) cites several advantages to such intergenerational facilities, to 

include cost savings, educational and mentoring benefits for students, and educational 

and quality of life improvements for seniors. Advocates of intergenerational programs 

associate them with healthy community interaction and an enhanced sense of community, 

especially in what they perceive to be an increasingly fragmented society. There are, 

however, several concerns about intergenerational facilities, services, and activities. 

Security, along with concomitant issues of facility design and liability, are primary 

considerations. Other issues include complications concerning maintenance costs, 
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opposition by educators, and lack of available research to determine if such ventures are, 

indeed, beneficial (Generations United, 2002).  

There also are several planning considerations for intergenerational co-location 

projects. Considerable planning and coordination is often required for such arrangements. 

Funding can be problematic for a variety of reasons but a major one is that funds are 

often earmarked for one type of program or the other, e.g., for a senior center or a child 

care center but not for an intergenerational center. Grants and other types of funding are 

available but interested governments and communities must do their own research to find 

and secure them (Generations United, 2002). As with other types of co-located/shared-

use facilities, community involvement is critical. Sullivan (2002) cites several cases 

where surveys and polls are conducted to gather public opinion for such projects and for 

community opinions and needs. He also notes that planning for such facilities requires a 

concerted effort and educated foresight in conjunction with real community participation.  

 

Parks and Recreation: Local Input 

In Loudoun County, while there are standards for various types of parks (Table 

2), there are problems developing standard parks because of two issues. The first is that 

proffers are usually not large enough to build an entire park. The second issue is that it is 

becoming increasingly difficult to find and consolidate land to form parks of the size 

considered standard to support a population. During a Fiscal Impact Committee meeting 

one member questioned where one would now find 200 acres and set it aside for a 
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regional park. It has been noted that it will likely not be feasible to build the large 

standard parks in places such as Sterling and Ashburn (see Figure 2 for map) due to lack 

of available land. 

While this may prompt a reconsideration of the standards, it has also led to a 

proposal by Loudoun County Parks and Recreation (P&R) for a credit system under 

which a developer could proffer a component of a park, such as one or more ball fields. 

However, P&R notes that single ball fields are expensive and discourages them unless 

co-located. This provides a potential opportunity for co-location, for example as part of a 

neighborhood park. P&R notes that the neighborhood park concept, used throughout the 

US, focuses on parks of approximately 15 acres rather than the much larger ones that are 

considered standard by Loudoun County. On the other hand, as mentioned previously, 

while P&R and LCPS are the top two consumers of space in the County, and it might 

seem intuitive to co-locate their facilities, school activities would likely overwhelm parks 

during certain seasons, leaving other community members underserved. Thus, any such 

co-location endeavor must take this consideration into account. Table 4 lists current 

County guidelines for appropriate facilities to co-locate with parks. These facilities are 

not in prioritized order.  
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Table 4. Guidelines for Co-Location Opportunities with Parks, Recreation and 
Community Services Facilities 
Community Park (35-acre site) 

with 3 ball fields 
District Park (75-acre site) with 

9 ball fields 
Regional Park (200-acre site) 

with 19 ball fields 

Mental Health Residence Sheriff Substation Library 
Youth Shelter Fire & Rescue Station General Government Office Park 

  Senior Center 

  Teen Center 

  Recreational Center 

  Youth Shelter 

  Drop-off Recycling Center 

 
 
 
In conclusion, Loudoun County demonstrates distinct characteristics in terms of 

locating and co-locating public facilities. However, many of the opinions, standards, and 

concerns expressed are similar to those found in the literature. In order to implement 

successful co-location projects, it is important to understand the literature, as well as the 

history and roles of one’s public facilities. The material reviewed above – the academic 

and applied literature and the local input from Loudoun County officials – was vital for 

developing the project methodology discussed below.  

 

Methodology 

This project develops a SDSS that uses data and leader-driven guidelines and 

preferences to model planning and decisionmaking for co-locating public facilities. The 

design revolves around a GIS that incorporates multiple types of data from various 

sources. As suggested in the section on SDSS’s, one of the strengths of this methodology 

is its integrated approach to managing data and analysis in order to keep a group of 
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information providers and decisionmakers coordinated. This is particularly important in 

an environment that is fast-paced, dynamic and involves multiple inputs.  

The GIS is developed and maintained in CommunityViz, an extension for ESRI’s 

ArcGIS. The data set for the SDSS is presented in the data libraries in Appendix 1. The 

data library for this project is an abbreviated version of what would be expected to be 

needed for a long-term version of the project. The most significant difference is that for 

the full project, on-the-fly co-location assessment would be an expected feature. In other 

words, if a relevant group of planners or decisionmakers, e.g., the Proffer Matrix Team, 

Planning Committee, or Fiscal Impact Committee, wanted to use this tool at meetings for 

rapid turnaround and flexible decisionmaking concerning co-location opportunities, 

having more data in the SDSS would be necessary to support that usage. Examples of 

additional layers that would be included in such a system include the various physical 

geography layers used to assess site suitability, such as hydrology, soils, forest, and slope. 

Zoning would also be a necessary inclusion, not only for on-the-fly assessments, but also 

for creating the build-outs needed for visualizing population and development 

projections. 

However, for this project, the layers are limited to only the ones needed to 

perform the analysis and provide the visualization for the case study presented. The base 

layers include the County boundary, towns, parcels, centerlines, and orthophotography, 

which is high-quality 1-foot panchromatic imagery. Loudoun County contracts to collect 

this imagery every year. It serves as an excellent visualization and analysis layer. The 
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County owned-and-leased-properties layer was created by the Loudoun County Office of 

Mapping and Geographic Information by querying the County’s Land Management 

Information System database for property owned or leased by the County and then 

brought into GIS. This layer contains a large amount of information about property, 

including address, size, current owner, current use, and much more. This layer is also 

used to develop other needed layers within this project, such as extraction of the facilities 

under analysis and other features provided for visualization and context.   

Demographic data and projections are an important part of this project and the 

overall SDSS in general. Since the Loudoun County demographer develops demographic 

data and projections based on the Traffic Analysis Zone (TAZ) geography, this is the 

geography used in this project. The importance of this is to try to develop an SDSS that 

uses the same data and methods used by the community that intends to use the SDSS 

rather than to create special data, layers and steps that will complicate work flow for the 

County.  

Another important aspect of the data is the set of specifications for public 

facilities, a topic also discussed in the data section above. This chart includes square 

footage standards for the facilities (Table 5). Although these standards are adjustable to 

some degree for some facilities and situations, the County tries to maintain these 

standards where possible. Additional data used includes information about facility 

locational standards and preferences gleaned from the academic and applied literature, as 
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well as interviews with various County employees, including several administrators of 

public facilities, as well as published County material, as discussed in the data section.    

The problem to be addressed in this project was provided by the Assistant to the 

Loudoun County Administrator. It is a retrospective study of a situation where an 

opportunity to co-locate public facilities was not put into action. This study attempts to 

determine the impacts of not co-locating. The project chosen was that of the Newton Lee 

Elementary School plot in Ashburn (Figure 3). Due to past circumstances and choices, 

the school does not take up the full surface area of the County-owned property. The plot  

was originally intended for a middle school. However, LCPS determined that the middle 

school would be best located north of Highway 7 (see Figure 2 for map). Therefore, an 

elementary school (Newton Lee) was sited on the plot instead. As the plot was sized for a 

middle school, the area was considerably larger than needed for an elementary school. 

LCPS considered adding another elementary school to maximize use of the space, 

especially as the area has a growing population of schoolchildren. However, that plan did 

not materialize, so that the plot holds only Newton Lee Elementary School.  
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Table 5. Loudoun County Public Facility Size Standards (Site Footprint) 

PUBLIC FACILITY AREA (sq feet)  AREA (acres) 

Community Park 1,306,800 30 

District Park 3,267,000 75 

Regional Park 8,712,000 200 

Recreation Center 653,400 15 

Teen Center 217,800 5 

Senior Center 261,360 6 

Respite Center 130,680 3 

Mental Health Residence 10,890 0.25 

Mental Retardation Residence 10,890 0.25 

Mental Health Substance Abuse Day Treatment Center 87,120 2 

Mental Health Substance Abuse Adolescent Group Home 87,120 2 

Fire & Rescue Station 217,800 5 

Sheriff Substation 174,240 4 

Elementary School 871,200 20 

Middle School 1,524,600 35 

High School 3,267,000 75 

Juvenile Probation Residence 87,120 2 

Juvenile Detention Center 261,360 6 

Youth Shelter 87,120 2 

Juvenile Assessment Center 87,120 2 

Transitional Independent Living Residence 174,240 4 

Transitional Homeless Shelter 65,340 1.5 

Emergency Homeless Shelter 65,340 1.5 

Health Clinic 304,920 7 

Library 304,920 7 

Animal Shelter 217,800 5 

Community Park & Ride Lot 174,240 4 

Regional Park & Ride Lot 304,920 7 

Bus Maintenance Facility 435,600 10 
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Figure 3. Newton Lee Elementary School Site and Environs 

 
 
 
The objectives of this project are to determine the following: the impact of 

locating an elementary school on the site instead of another facility or other facilities, and 

the impact of not having other facilities there with the school. After a preliminary 

assessment to narrow down co-location options, two scenarios were selected as follows.  

In order to develop appropriate scenarios for the case study, some preliminary 

study area research was required. The plot on which the Newton Lee Elementary School 
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is sited is approximately 1,500,000 square feet. The size of the unused portion of the plot 

is roughly 500,000 square feet. The first task was to determine the impact of putting other 

facilities on the plot instead of Newton Lee Elementary School. As this neighborhood is 

known to have a high population of schoolchildren, and that population is expected to 

increase, the attendance figures for Newton Lee Elementary School were checked and 

found to be rising. Student population was 679 for the 2005-2006 school year and rose to 

839 in 2006-2007, an increase of 160 students in one school year. Thus, it appears clear 

that the school is needed, both for the present and the future. The next task was to pursue 

the course of analysis that focused on adding a facility to the Newton Lee Elementary 

School site rather than in lieu of the school.  

 Thus, the next step was to identify what other facilities could be located on the 

site with the school, that is, to determine which facilities require less than or equal to 

500,000 square feet. To do so, a list (Table 6) was compiled. It reflects only the size 

standards and does not take into consideration demographics or what type or types of 

facilities might actually be needed at that location.  

The next step was to determine which facilities might be appropriately located on 

the site. The Loudoun County Guidelines for Co-Location Opportunities with School 

Facilities were used to determine the facilities that would: a) meet the locational 

recommendations for co-location with an elementary school; and b) meet the size criteria 

above. The options were narrowed down to three types: library; senior center; and Sheriff 

substation. While there were several options for facilities for the plot, the scenario that 
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seemed the most useful was to analyze the retrospective co-location of a nearby library at 

the site. Ashburn Library, located a little over a half a mile away, was constructed in 

2003. Newton Lee Elementary School was opened in 2005. It seems a reasonable 

hypothetical case that the two might have been planned and co-located.   

The methodology used for evaluating the two scenarios revolves around the 

development and study of impacts. For this project, ten impacts were developed by the 

author based on the literature and extensive interviews with relevant stakeholders from 

Loudoun County and were used for the evaluation process. They are based on theory, 

concerns, and values discussed in the literature and identified by County leadership. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 61   
  
 
  

Table 6. Public Facilities Meeting the Size Requirements for Co-Location at the Newton 
Lee Elementary School Site (ordered by size) 
FACILITY TYPE SIZE STANDARDS 

Bus Maintenance Facility 435,600 sq ft 

Regional Park & Ride Lot 304,920 sq ft 

Library 304,920 sq ft 

Health Clinic 304,920 sq ft 

Juvenile Detention Center 261,360 sq ft 

Senior Center 261,360 sq ft 

Teen Center 217,800 sq ft 

Fire and Rescue Station 217,800 sq ft 

Animal Shelter 217,800 sq. ft 

Community Park & Ride Lot 174,240 sq ft 

Sheriff Substation 174,240 sq ft 

Transitional Independent Living Residence 174,240 sq ft 

Respite Center 130,680 sq ft   

Mental Health Substance Abuse Day Treatment Center 87,120 sq ft 

Mental Health Substance Abuse Adolescent Group Home 87,120 sq ft 

Juvenile Probation Residence 87,120 sq ft 

Youth Shelter 87,120 sq ft 

Juvenile Assessment Center 87,120 sq ft 

Transitional Homeless Shelter 65,340 sq ft 

Emergency Homeless Shelter 65,340 sq ft 

Mental Health Residence 10,890 sq ft 

Mental Retardation Residence 10,890 sq ft 

 

 

The approach to the methodology is diagrammed in Figure 4, Work Flow. First, 

the County-Owned and Leased Properties layer is modified by adding opening dates for 

the facilities. This information is needed for assessing timing for facilities in the area and 

modeling possible retrospective scenarios. For example, developing a scenario suggesting 

that a high school that was opened in the 1980s and an elementary school that was 

opened in 2003 should have been co-located would be inappropriate. On the other hand, 

assessing that a library that was opened in 2003 and an elementary school that was 

opened in 2005 might have been considered for a co-location project might be 

reasonable.  
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Figure 4. Newton Lee Elementary School-Ashburn Library Co-location Analysis Work 
Flow 
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A new analysis (i.e. project) with two scenarios is created in CommunityViz. 

Scenario A, the No Co-location Scenario, is the real-life, as-is situation. In this project, it 

is the current disposition of the facilities on the case study site (i.e. Newton Lee 

Elementary School and Ashburn Library at separate sites). Scenario B is the hypothetical 

co-location situation. In this project, it is one interpretation of what the site might have 

looked like if it had been comprehensively planned as a co-location project (i.e. Newton 

Lee Elementary School and Ashburn Library co-located on the Newton Lee site).  

Following step 4 of the Work Flow, base GIS layers are then added. The data do 

not need to be specially formatted for this project. CommunityViz accepts layers and 

tables in the same manner as does ArcGIS 9.2. Additional layers are then developed as 

needed, such as individual layers for features to be analyzed in CommunityViz.  

Steps 5 through 8 relate to Impact #8, Resident Coverage/Service. For this part, 

the first step is to join the demographics table to the Traffic Analysis Zones (TAZ) layer. 

A population density is assigned to every address point within each TAZ based on the 

overall population density of the TAZ in which they are located. A three-mile buffer is 

then built around Ashburn Library for the current and co-located sites to reflect the 

maximum distance LCPL expects patrons to be willing to go to visit a library. Finally, the 

populations for all address points that fall within the three-mile buffers are summed. 

Next, assumptions and indicators concerning the scenarios are developed. In 

CommunityViz, one can use tools such as assumptions and indicators to both 

conceptually and technically determine impacts. Assumptions about a criterion are input  
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into the system and can be manipulated dynamically in order to show decisionmakers 

how impacts can change based on their assumptions. Figure 5 shows an example of how 

an assumption of 5% savings in construction costs would be visualized on the screen. The 

bar can be moved back and forth to change the percentage dynamically, for example if 

decisionmakers wished to see how much money could be saved if a 10% cost savings is 

assumed instead of 5%.  

 
 

 
Figure 5 Construction Cost Savings Assumption 
 
 
 
Indicators are performance measures and are generally synonymous with impacts. 

Indicators based on data included in the GIS database can be determined in order to 

evaluate scenarios within a case study. Assumptions can be tied to those indicators to 

show how changes in what is assumed can affect each of the scenarios. Figure 6 shows an 

example of an indicator associated with Impact 2: Cost of Construction. In this case, by 

summing the construction costs for each of the facilities and using the assumption of 5% 

savings, the estimate for savings under the co-location scenario is derived. 

CommunityViz uses wizards to assist the user in determining indicators.  
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Figure 6. Cost of Construction Indicator 
 

 

Lastly, charts are developed for the impacts. These charts depict comparisons of 

the indicator outcomes by scenario for each impact. Such charts are important for 

visualizing the impacts. Figure 7 shows the chart for Impact 2: Cost of Construction.  

 
  

 
Figure 7. Cost of Construction Chart  
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Figure 8 shows a screenshot of CommunityViz. It is included to show that at the same 

time one can display onscreen the map, the GIS layers, and the indicator charts. This 

transparent approach to GIS is intended to facilitate the spatial decisionmaking process. 

 
  

 
Figure 8. CommunityViz GUI  

 
 
 
The impacts were chosen carefully so as to not only capture the most important 

points of analysis in this retrospective case study, but also with the intent that they could 

be applied to other co-location evaluations in the future. This is important because 

standardization of the methodology could be expected to lead to more consistent 

evaluation of scenarios within the County co-location planning process. However, while 

the impacts remain the same, prioritization of the impacts can be expected to change on a 

case-by-case basis, given the preferences and concerns of the County leadership. 
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Furthermore, operationalization of the impacts also can be expected to change from case 

study to case study due to differences in scenario types and unique situational attributes. 

The impacts are presented in Table 7, while the planned operationalization of impacts for 

the Newton Lee case study is presented in Table 8. The following describes each of the 

impacts.  

Impact 1 Cost of Land. As discussed above in the literature, savings in land costs 

are perceived as a major benefit of co-location. The Loudoun County leadership shares 

this view, and has included it in its co-location policy, based in part on past experience in 

co-locating public facilities. Thus, savings involved in cost of land is included here as an 

impact.  

Impact 2 Cost of Construction. Saving on construction costs is also discussed in 

the literature, particularly the applied literature. It is a consideration at Loudoun County, 

as well, as discussed above. Obviously, some co-location cases are more likely to save on 

construction than others. For example, facilities that are constructed at the same time may  

provide savings, while others that are built at different times probably would not. Also, 

facilities of similar design might save more than facilities that are very different from 

each other, thus requiring different architects and, possibly, different construction 

contractors. 
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Table 7. Co-location Impact Chart 

# IMPACT  DESCRIPTION 

EXPECTED RESULT 

OF CO-LOCATION 

1 Cost of land 
How much money is saved in land costs by co-locating 
public facilities vs. siting them in different places? Reduced costs 

2 
Cost of 
construction 

How much money is saved by constructing co-located 
facilities vs. facilities constructed at different places 
and/or times? Reduced costs 

3 

Cost of 
utilities 
installation 

How much money is saved by running utilities to co-
located facilities vs. running them at different places 
and/or times? Reduced costs 

4 
Operating 
costs 

How much money is saved by operating co-located 
facilities vs. facilities at different sites? 

Reduced costs for 
integrated (i.e. non-
campus) facilities  

5 
Planning 
resources 

What is the comparison of planning time, resources 
expended between co-located vs. non-co-located 
projects? 

Higher expenditure of 
planning resources 

6 Space savings 

How much physical space is saved in co-location (e.g., 
buffer area, parking space) vs. siting facilities at 
different locations? Reduced space required 

7 Accessibility 

How will traffic patterns differ in co-located vs. non-
co-located sites? How will this impact accessibility to 
the site? 

Traffic patterns negatively 
impacted 

8 

Resident 
coverage/ 
service  

How will resident coverage/service provision be 
affected by co-location vs. non-co-location? 

Resident coverage not 
significantly impacted  

9 

Time/distance 
savings to 
patrons 

How much time will the co-location project save 
patrons by having to make fewer/ shorter trips than if 
facilities were at different sites? 

Reduced time/ distance 
required by patrons for 
multi-stop trips 

10 
Synergy of 
services 

Will there be increased synergy of services by co-
locating vs. not co-locating the facilities? 

Increased synergy of 
services  
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Table 8. Newton Lee Case Study Impact Operationalization  
Impact 1 Cost of land 

• Scenario A: Add land costs for the Newton-Lee plot(s) and for the Ashburn Library plot(s). 

• Scenario B: Add land costs for the Ashburn Library plot(s) alone. This sum is what could have 
been saved through co-location with Newton-Lee Elementary School. 

Impact 2 Cost of Construction 

• Scenario A: Add construction costs for Newton-Lee Elementary School and for Ashburn Library. 

• Scenario B: Query Office of Capital Construction (OCC) for estimate of how much might have 
been saved through co-location. Calculate savings based on figure from Scenario A and this 
estimate (e.g., 5%).     

Impact 3 Cost of utilities installation 

• Scenario A: Add utility installation costs for Newton-Lee Elementary School & Ashburn Library. 

• Scenario B: Query OCC for estimate of how much might have been saved through co-location. 
Calculate savings based on figure from Scenario A and this estimate (e.g., 5%). 

Impact 4 Operating costs 

• Scenario A: Add operating costs for Newton-Lee ES and for Ashburn Library for 1 year. 

• Scenario B: Query General Services to see if co-location of the two facilities might have saved on 
operating costs. If so, query for estimate of how much might have been saved. Calculate savings 
based on figure from Scenario A and this estimate.       

Impact 5 Planning resources 

• Scenario A: Evaluate scenario based on scale (See Table 9).      

• Scenario B: Evaluate scenario based on scale (See Table 9).      

Impact 6 Space savings 

• Scenario A: Add area for facilities, parking, and surroundings for Newton-Lee ES and Ashburn 
Library. 

• Scenario B: Query OCC and Schools to see if co-location might have saved space. Calculate 
savings based on figures from Scenario A and these estimates; use modeling to augment or refine. 

Impact 7 Accessibility 

• Scenario A: Develop assessment based on information from the Loudoun County Transportation 
Department for accessibility to Newton-Lee Elementary, Ashburn Library and surrounding areas.  

• Scenario B: Develop assessment based on estimate from the Transportation Department for 
accessibility to Newton-Lee Elementary, Ashburn Library and surroundings as if the two facilities 
were co-located.  

Impact 8 Resident coverage/service  

• Scenario A: Conduct buffer analysis of population in the Traffic Analysis Zones (TAZ) around the 
Ashburn Library in order to estimate population coverage (current and future). 

• Scenario B: Conduct buffer analysis of population in the TAZ around the library at the co-located 
site in order to estimate population coverage (current and future). Calculate differences. 

Impact 9 Time/distance savings to patrons 

• Scenario A: Develop trip distance/time estimation for a hypothetical visit between various schools 
and Ashburn Library. Calculate average.  

• Scenario B: Develop trip distance/time estimation for a hypothetical visit between various schools 
and Ashburn Library at co-located site. Calculate average. Calculate difference between the 
averages in order to determine average time savings. Look for spatial differences on map.  

Impact 10 Synergy of services 

• Scenario A: Evaluate scenario based on scale 1 (No or low synergy of services), 2 (Moderate 
synergy of services), or 3 (High synergy of services).      

• Scenario B: Evaluate scenario based on scale described above.   
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Impact 3 Cost of Utilities Installation. While saving on utilities installation costs 

is less well-documented in the literature, it remains a real consideration. Loudoun County 

believes such savings can be gained through co-location, as discussed above. Unlike the 

previous impact, Cost of Construction, there can still be savings in utilities installation 

costs even if facilities are built at separate times by running the utility lines early to the 

site of the later-built facility.  Thus, utility installation is considered a separate impact 

from construction-costs savings. 

Impact 4 Operating Costs. Savings in operating costs for co-located facilities can 

be significant, according to the literature (BEST, 2005; McNichol, 2006). Loudoun 

County also has noted such savings, particularly in its Public Safety Center concept, 

which houses a Fire and Rescue station and a Sheriff’s substation in the same facility, as 

discussed previously. The most significant co-location operating costs savings generally 

occur when the facilities are connected, either in contiguous buildings or in a shared 

building. A co-location where facilities are constructed campus-style, i.e. separate 

buildings on the same parcel, is less likely to bring savings in operating costs. This does 

not mean, however, that there cannot be cost savings associated with a campus-style co-

location. For example, it is possible that maintenance contracts could be negotiated that 

would save for co-located facilities of any sort because a site, rather than one facility, 

could be contracted out.  

Impact 5 Planning Resources. The literature, especially the applied literature, 

advises that co-location of public facilities usually requires higher expenditure of  
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planning resources than does planning of separate projects (21st Century Fund, 2001; 

Filardo, 2002; Sullivan, 2002; Generations United, 2002; Donnelly, 2003; Kauppila and 

Russell, 2003; Romeo, 2004; New Visions for Public Schools and Laura Kurgan, 2005; 

Sullivan et al., 2006; JFW, Inc., 2006; McNicol, 2006; Hansson, 2006). This is due to 

several reasons: a) synchronization of requirements and preferences for different types of 

facilities is required; b) roles, relationships, responsibilities, and expectations must be 

worked through and laid out, advisedly in writing, before initiation of the co-location 

project; and c) public participation in planning (e.g., charrettes) has been seen to lead to 

more successful co-locations. In any event, this is included as an impact with the intent to 

serve as a reminder to the leadership that co-location often involves dedication of more 

planning resources. 

As there was no quantitative information available to direct the assessment, a 

qualitative method was used. In the future, it may be of value for the County to track 

planning resources expended on public facility location and co-location projects so as to 

develop a metric of resource expenditure for planning and, therefore, provide a more 

tangible and accurate means of assessment for future projects.  Table 9 provides the 

evaluation methodology for this impact.  
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Table 9. Planning Resources Scale (Impact 5)  
1: Low resource expenditure  

• Geographically or temporally separate location projects 

• Two facility projects 

• One or two departments involved 

2: Moderate resource expenditure  

• Two facility co-location 

• One or two departments involved 

3: Moderate-high resource expenditure  

• Geographically or temporally separate, multi-facility location projects 

• Two or more departments involved 

4: High resource expenditure  

• More than two facility co-location 

• Two or more departments involved 

5: Very high resource expenditure  

• Complex 

• More than two facilities  

• More than two departments involved  

• Special considerations 

 

 

The evaluation scale is divided into five categories. The category with the lowest 

planning resource expenditure, Low resource expenditure, is characterized by 

geographically or temporally separate location projects, involves two facility sitings, and 

involves only one or two County departments. This category generally represents the 

status quo baseline for the County, i.e., facilities are sited without co-location planning. 

Category 2, Moderate resource expenditure, describes relatively simple co-locations – 

two facilities involving one or two departments only. Category 3, Moderate-high resource 

expenditure, is similar to Category 1 but is more complex. It generally applies to facility 

siting projects that are not initially planned as co-locations and involve multiple facilities 

and departments. Category 4, High resource expenditure, represents a more complex co-

location than found in Category 2.  Generally, these are co-locations of more than two 

facilities, with two or more departments involved. Category 5, Very high resource 
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expenditure, is the most complex of the facility siting categories and, therefore, requires 

the most planning resources. It generally involves the co-location of more than two 

facilities, more than two departments, and may also include special considerations or 

issues, e.g., an unconventional grouping of facilities.  

Impact 6 Space. In rapidly developing counties such as Loudoun County, land is 

at a premium in terms of availability and cost. Thus, saving space is important because it 

usually translates into cost of land savings, or related opportunity costs associated with 

locating additional facilities or services on a site. The most space is generally saved in an 

integration of facilities or services within the same building. Space savings can include 

not only shared parking but also shared rooms or other features such as cafeterias, gyms, 

restrooms, meeting areas, and administrative offices. Even if facilities are not located in 

the same building, space savings can still be significant for campus-style co-locations. 

Facilities located on the same parcel or on contiguous parcels that have undergone a 

boundary line consolidation can save space because the rules for buffering, setback, 

parking, and related requirements are reduced or not applicable (Loudoun County Land 

Acquisition Manager, personal interview, February 7, 2008).  

Impact 7 Accessibility. This impact is intended to evaluate accessibility to the 

case study facilities and the infrastructure and areas around them. While adequate access 

to the facilities is a major concern of facility department heads, the avoidance of negative 

impact on the surrounding infrastructure is also of great concern to County leadership. 

Thus, an optimal balance for a co-location project is the maximizing of locational 
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benefits to a facility while minimizing the negative impact on surrounding infrastructure. 

Additionally, the literature stresses that good access is a critical component of a co-

location project’s success (McNicol, 2006; Hansson, 2006). A qualitative assessment 

using 1, 2, 3 for low, average, and high in terms of accessibility was used to evaluate this 

impact. Evaluation was based on ease of reaching the sites by vehicle, bicycle, or 

walking, i.e. presence of obstacles such as one-way roads, complicated road networks, 

and traffic patterns.     

Impact 8 Resident Coverage/Service. While libraries do have service areas of 

sorts, they tend not to be explicit. Generally speaking, anyone may get a library card at 

any library. Service guidelines are more fluid than, for example, for Fire & Rescue 

facilities. Nevertheless, the intent of Impact 8 is to assess whether the co-located site 

would negatively or positively affect a facility’s coverage of the populace compared to 

the no co-location scenario, not to evaluate its location in general. In other words, this 

impact is meant to ensure that a facility is not moved too far outside of its previously 

determined optimal service area due to the co-location project.  

In order to determine impact on service area, it was necessary to compare 

coverage for both scenarios. As mentioned previously and shown in the Work Flow 

(Figure 4), population densities were assigned to address points in the Traffic Analysis 

Zones (TAZ) based on the overall population densities of the individual TAZ in which 

the address points were located. Three-mile buffers were then built from the Traffic 

Analysis Zones (TAZ) around each of the library sites, i.e. not co-located and co-located. 
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As mentioned above, LCPL estimates three miles for planning purposes as the general 

maximum distance that patrons tend to be willing to go to visit a library. Then, 

population figures were summed for each of these buffers to extract population figures 

for 2005 and 2010.   

Impact 9 Time/Distance Savings to Patrons. Literature and practical experience 

suggest that well-planned co-location projects enhance convenience for patrons, 

including savings in time and/or distance traveled. One method of achieving such savings 

is through planning of multi-stop trips. In other words, planners develop co-location 

projects that take into account that patrons will often visit the co-located facilities during 

the same trip, thus saving transportation resources.   

For the Newton Lee project, the most logical multi-stop trip appeared to be a 

school and the Ashburn Library, given the high number of schools in the immediate area. 

Thus, for assessment, a standard multi-stop trip includes one of the local schools and the 

Ashburn Library. Distance and time are calculated from each school to the Ashburn 

Library for both the No Co-location and Co-location scenarios. The estimated travel time 

is based on County data concerning distance and posted speed limit. This impact is 

measured as a comparison of average times and/or distances between the two scenarios. 

Impact 10 Synergy of Services. One of the main perceived benefits of co-location 

is that by co-locating facilities with similar or complementary functions and goals, a 

synergy of services can be cultivated that ideally saves resources for the facilities while 

providing enhanced services to customers. In this study, synergy of services is evaluated 
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as 1- No or low synergy of services; 2- Moderate synergy of services; or 3- High synergy 

of services. No or low synergy of services is used for scenarios where there is little or no 

cooperation between the services. For example, a fire station and a school have an 

agreement that the fire station conducts fire safety briefings annually for the students. 

Moderate synergy of services indicates regular cooperation between the services. For 

example, firefighters visit a school monthly to conduct classroom question-answer visits. 

High synergy of services is used for situations where there is a concerted effort at 

collaboration between services to enhance value for the patron and/or maximize 

resources. For example, the fire station and the school maintain a program that enables 

students and school employees to get certified in CPR and other safety skills.  

While the scope of the study limited the ability to determine a more quantitative 

assessment of this impact, there are several metrics that could be used in the future to 

evaluate synergy of services for each of the scenarios. For example, in evaluating synergy 

of services between an elementary school and a library, one could compare scenarios 

based on such measures as number and types of programs available, number and types of 

services available, size and scope of the book collection, number of computers, and 

number of school and library staff required. In this case, this information would be 

gathered from personnel in the school system and the Department of Library Services.  

In conclusion, the two scenarios that are developed for comparison are A, which 

is the current situation at the Newton Lee Elementary School site (i.e. not co-located, or 

the base scenario), while scenario B represents a hypothetical co-located scenario, which 
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imagines that the nearby Ashburn Library had been co-located with Newton Lee 

Elementary School. By studying a historical scenario with some known data, e.g., land 

costs, construction costs, the analysis and determination of impacts were more 

straightforward, which facilitated not only the acquisition of more precise results, but also 

the validation of the methodology. The results of this study are provided and discussed 

next in the analysis chapter.   
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4. Analysis 

 

 This section reviews the results for each of the impacts for the Newton Lee 

Elementary School case study. As discussed in Chapter 3, Table 8 outlines how each 

impact was planned to be operationalized. In reality, operationalization worked out 

somewhat differently for some of the impacts. Deviations were generally due to outside 

constraints on the implementation of the project design or lack of available information. 

Before changing the impact methods, it seems reasonable to test them on at least one 

other case study.  

These impacts are not prioritized in any specific order. The associated indicator 

charts are included for each of the impacts as needed. These charts are very important, as 

they provide decisionmakers a snapshot of the results of their input, a benefit discussed 

above in the literature for Spatial Decision Support Systems. Scenario A, the current 

disposition of the facilities on the case study site, i.e. Newton Lee Elementary School and 

Ashburn Library at separate sites, is depicted in Figure 9. Scenario B is the hypothetical 

co-location situation where Ashburn Library is imagined to be co-located with Newton 

Lee Elementary School (Figure 10).  
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Figure 9. No Co-location Scenario 
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Figure 10. Co-location Scenario 
 

 

 

Impact 1 Cost of Land 

There were no monetary costs associated with either the Newton Lee Elementary 

School or the Ashburn Library, as both were proffers. Thus, they are both $0, so it 

appears at first glance that there is no advantage to the co-location. However, if one 

considers the opportunity costs associated with this situation, there are distinct 
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differences. First, while the land plot for the Ashburn Library was a proffer, the site 

proffered was well under the size standards normally required for a library. The actual 

Ashburn Library size is 176,448.66 sq. feet, while the standard size is 304,920 sq ft. In 

other words, the library is quite undersized, which may have a negative impact in terms 

of service provision for the public. On the other hand, if the library had been built on the 

Newton Lee site, it easily could have been built to regular standards. The second 

opportunity cost is that another facility could have been placed on the current Ashburn 

Library plot if the library had been co-located with Newton Lee Elementary School. One 

option might have been a senior center, which is needed in the area. This option is 

discussed more under “Impact 10 Synergy of Services.”  

 

Impact 2 Cost of Construction 

For this study, the head of the Office of Capital Construction (OCC) estimated 

that approximately 5% might have saved by co-locating the school and the library. 

Construction costs for Newton Lee Elementary School were $14,598,401 and were 

$6,382,341 for Ashburn Library. Five percent of the sum of those figures is $1,049,038. 

This reflects the estimated sum that might have been saved in construction costs through 

co-location.  
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Figure 11. Impact 2 Cost of Construction 
 
 
 
Impact 3 Cost of Utilities Installation 

The head of the OCC estimated that co-locating the elementary school and library 

might have saved approximately 5% in utilities installation costs. Utilities installation 

costs, i.e. electricity and water/sewer, for Ashburn Library were $81,450. Utilities 

installation costs were $136,964 for Newton Lee Elementary School. Five percent of the 

sum of those figures is $10,920.70. This reflects the estimated sum that might have been 

saved in utilities installation costs through co-location.  
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Figure 12. Impact 3 Cost of Utilities Installation 
 
 
 
Impact 4 Operating Costs  

As the hypothetical Newton Lee Elementary School – Ashburn Library co-

location is a campus-style co-location, it was estimated that there would likely not be 

significant operating costs savings. As mentioned above in Chapter 3, this does not mean 

that there might not have been cost savings, such as in maintenance contracts. Thus, 

while in this retrospective case study there are not estimated to be any savings in 

operating costs, it is reasonable to consider that there may be savings in future case 

studies of a similar nature once a real contract negotiation environment exists.  

 
 
Impact 5 Planning Resources 

For the Newton Lee project, Scenario A was evaluated as 1 or Low resource 

expenditure because it represents the way things are normally done in planning public 
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facility locations (See Table 9 to review Planning Impact categories). Scenario B was 

ranked 2 for Moderate resource expenditure, as the hypothetical co-location of Newton 

Lee Elementary School and Ashburn Library would have involved the theoretically 

simple co-location of two facilities. It also would have required the cooperation of only 

two departments, Loudoun County Public Schools and Loudoun County Public Libraries. 

 

 

Figure 13. Impact 5 Planning Resources 
 
 
 
Impact 6 Space 

In the case of the Newton Lee site, the facilities would be located campus-style on 

one parcel, as mentioned earlier. OCC estimated that 5% space savings would be a 

reasonable expectation for this co-location project. However, as discussed under Impact 

1, the Ashburn Library as it stands is considerably undersized, making use of its area 

problematic. Thus, the standard size guidelines for a library would be more appropriate. 
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The area for Newton Lee elementary school is 1,625,099 sq. ft. The area for a standard 

library is 304,920 sq. ft. Five percent of the total equates to 96,500.95 sq. ft. in potential 

space savings. The space saved in this manner might be used for other purposes, such as a 

larger parking area, a farmers market, or even a small outdoor nature area, such as 

between the library and the park area by the Washington & Old Dominion (W&OD) trail 

to the southwest. 

 

 
 
Figure 14. Impact 6 Space 
 
 
 
Impact 7 Accessibility 

The OMAGI Centerline Coordinator (personal interview, April 3, 2008) provided 

an assessment of general road accessibility to the hypothetical co-located site and area. 

The two main roads around Newton Lee Elementary School – Gloucester Parkway to the 
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northeast and Claiborne Parkway to the south/southeast – serve as a significant impact on 

the area (Figure 15).  

 

N

 
Figure 15.  Major Roads in the Co-location Site Area 
 
 
 
The function of these roads is to channel traffic through the residential area as quickly as 

possible. Thus, they have limited access points, i.e. few turn-offs, stop signs, or traffic 

lights. While both roads are bi-directional, they are divided by medians that selectively 
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allow cross-over between the roads. This environment has several implications for 

accessibility to the hypothetical co-location project. First, Gloucester Parkway would 

likely enhance access to the Newton Lee Elementary School – Ashburn Library co-

located site. It would allow rapid access to the site but few access points to other sites, 

thus facilitating both school and library traffic access, even during heavy hours. The 

residential area to the northeast of the site is a gated community with limited access so 

would likely neither hinder traffic nor be hindered by traffic from the site.  

On the other hand, Claiborne Parkway to the south is problematic – there is no 

straight access from it to the co-located site, i.e. no access point directly to the site or to 

Gloucester Parkway at a point near the co-located site. Drivers heading north on 

Claiborne Parkway would have to take that road to the intersection well to the east of the 

co-located site, turn west onto Gloucester Parkway and then proceed to the site in what 

appears to be a rather time-consuming process. This addition to the route mainly affects 

those traveling from the south/southwest. However, also affected would be those trying to 

reach the site from the west, as they would have to travel north on Belmont Ridge Road 

to Gloucester in order to reach the site. For both of these groups, the new site offers 

reduced accessibility in comparison with the No Co-location Ashburn Library site, i.e. 

current location.  

In the case of the No Co-location site, Ashburn Library is located in a residential 

area, with Hay Road to the south being the main access route to it. Hay Road is a smaller 

two-directional road. While it does not offer the rapid throughput that Gloucester or 
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Claiborne Parkways offer, it also offers many more access points, making it a potentially 

preferred choice for local patrons.  

Technically, it might be possible to construct an access point from Claiborne 

Parkway to the co-located site to provide better access. However, this would probably be 

costly. Furthermore, there would likely be concern that drivers not visiting the co-located 

site might choose to cut through the site as a shortcut to reach north to Gloucester 

Parkway instead. This would not only affect accessibility to the site, but would also serve 

as a safety hazard to those visiting the site, e.g., children walking back and forth between 

the elementary school and the library.  

The presence of the Washington and Old Dominion Trail may also have an 

impact on accessibility to the site. This trail, which runs northwest-southeast and is 

located to the southwest of the co-located site offers the potential for bikers and walkers 

to visit the library, as well as the Trailside and Dominion Parks to the southwest of the 

co-located site. Travel via W&OD Trail favors the co-located site over the No Co-

location site due to proximity as well as the absence of complex residential areas to 

negotiate in order to reach the original library site.  

Concerning the impact on accessibility of the co-location itself, it is assessed that 

there probably would be no significant impact by the library on school accessibility in the 

co-location scenario. However, after-school traffic, including school buses, would likely 

have an impact on library accessibility in the afternoon on weekdays. Any additional 

traffic at the library after co-location might be because of increased access due to 

proximity to the elementary school. In other words, Newton Lee Elementary School 
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parents, during trips to pick up their children, might visit the library more often because 

of its proximity to the school.  

There are also aspects of accessibility that concern locational preferences as 

expressed by Loudoun County Public Libraries (LCPL) and discussed above in Chapter 

3. These include: the library is easily seen; there is adequate parking; it serves as a draw 

for walk-ins (children, those without cars); natural barriers are avoided (such as hard-to-

cross roads); and distance between home and library is no greater than three miles on 

average. Comparing scenarios, it appears that the library would be more easily seen in the 

co-location scenario (Scenario B), as it sits at the intersection of the two major roads, 

Gloucester and Claiborne Parkways, whereas in the no co-location scenario (Scenario A), 

it seems somewhat hidden in a residential area. There would be more parking available in 

Scenario B than in A. The points about serving as a draw and avoiding natural barriers 

garner mixed marks. On the one hand, the library is directly across the open 

area/potential shared parking lot from the school, which would be considered a plus. 

However, Gloucester and Claiborne Parkways to its south and east, while crossable, 

likely would serve as barriers to pedestrians and bike riders. Lastly, the three-mile 

average distance preference appears unrealistic in both scenarios, so must be discounted.  

An assessment using 1, 2, 3 for low, medium, and high in terms of accessibility 

was used to evaluate this impact. Overall, given all the factors, each of the scenarios rates 

a 2 or Average. Thus, it appears that accessibility is not significantly hindered by the co-

location project.  
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Impact 8 Resident Coverage/Service 

In order to determine impact on service area, it was necessary to compare 

coverage for both scenarios. The methodology involved is described above in Chapter 3 

and the Work Flow diagram (Figure 4). These population estimates are listed below in 

Table 10.  

 

Table 10. Population Estimates for Ashburn Library Service Coverage for 2005 and 2010 
for Scenario A and Scenario B 
Year Population: Base Scenario 

(Scenario A) 

Population: Co-located 

Scenario (Scenario B) 

Difference 

2005 55,588 58,190 +2,602 

2010 68,159 70,572 +2,413 

 

 

Results indicate that the Co-located scenario (Scenario B) serves 2,602 more 

residents than the No Co-location scenario (Scenario A) in 2005. In 2010 the Co-located 

scenario is expected to serve 2,413 more residents than the No Co-location scenario 

based on the population projections. This suggests that not only would the co-location 

project not negatively affect service coverage, it might enhance it by over 2,000 residents 

for at least the period of 2005 to 2010. The models could be rerun out to 2030 (the 

current extent of the County Demographer’s population estimates) in a future exercise to 

assess the long-term impact of the project.  
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Figure 16. Impact 8 Resident Coverage/Service 
 
 
 
Impact 9 Time/Distance Savings to Patrons 

 Table 11 lists times and distances calculated for multi-stop trips between schools 

and the Ashburn Library in each scenario.   

 

Table 11. Comparison of time and distance from local schools to Ashburn Library for 
Scenario A (No Co-location) and Scenario B (Co-location) 

Name Time_A Time_B Dist_Miles_A Dist_Miles_B 

ASHBURN ES 3.78 2.44 1.91 1.61 

BELMONT STATION ES 1.94 3.34 1.25 2.42 

BROAD RUN HS 4.27 5.77 2.73 3.31 

CEDAR LANE ES 3.24 4.24 1.53 2.31 

DOMINION TRAIL ES 5.31 3.97 2.81 2.51 

EAGLE RIDGE MS 4.70 7.31 3.07 5.04 

FARMWELL STATION MS 5.38 4.04 2.90 2.59 

HILLSIDE ES 3.70 6.32 2.44 4.42 

MILL RUN ES 5.16 7.78 3.41 5.38 

NEWTON-LEE ES 3.70 0.22 2.64 0.16 

SANDERS CORNER ES 2.65 5.27 1.73 3.70 

STONE BRIDGE HS 0.69 3.31 0.40 2.38 

AVERAGE 3.71 4.50 2.24 2.99  
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As discussed above under Impact 7, due to the differential accessibility to the co-

located site from Gloucester Parkway versus Claiborne Parkway, some schools have 

better access to and, therefore, reduced transportation costs associated with travel to the 

co-located library. Schools to the north and east have better access to the co-located site 

than do schools to the south and west. This is evident in the times and distances in Table 

11 above. The red text indicates where the multi-stop trip would cost greater 

distance/more time. The green text indicates where the multi-stop trip would be 

shorter/take less time. The schools that are advantaged by the co-location are: Ashburn 

ES to the east, Dominion Trail ES and Farmwell Station MS to the southeast, and 

Newton Lee ES itself. All these sites have easy access to Gloucester Parkway.  

Schools that are disadvantaged by the co-location are: Belmont Station ES to the 

west and Broad Run HS, Cedar Lane ES, Eagle Ridge MS, Hillside ES, Mill Run ES, 

Sanders Corner ES, and Stone Bridge HS to the south. Most of these schools rely on 

Claiborne Parkway and, therefore, as discussed above, would have a longer trip to reach 

the co-located Ashburn Library. Thus, the co-location positively affects only four of the 

twelve schools in terms of time/distance savings. This assessment of limited access 

generally refers to vehicular traffic. For example, despite Belmont Station Elementary 

School’s reduced access via vehicle under the co-location scenario, it maintains excellent 

walking and biking access to the site via the W&OD Trail.  

 Additionally, the mean center of the twelve closest schools was determined. 

Although this information is likely only of limited use for evaluating time/distance 
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savings for vehicular traffic, it might hold more value for pedestrian and bike traffic. 

Figure 17 shows the results of this test.  

 

 

Figure 17. The star represents mean center of the twelve schools evaluated for Impact 9 
Time/Distance Savings to Patrons. Note that Ashburn Library is depicted on the map in 
both No Co-location (Scenario A) and Co-location (Scenario B) sites for reference.  
 
 
 
As can be seen in Figure 17, the mean center is located south and slightly to the east of 

both the current and hypothetical sites for the library. The co-located site moves further 

away – further north – from the center of the schools in comparison with the original 

library site. Thus, it appears that this co-located site location might somewhat favor 
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schools to the north. While the co-located site is only roughly half a mile north of the 

current library site, it is important to keep in mind that this distance represents a higher 

cost to pedestrians and bike riders than for vehicles. However, it is unknown at this time 

how much pedestrian and bike traffic associated with schools would be affected.  

 This impact was measured as a comparison of average times and/or distances 

between the two scenarios. The average time for Scenario A was 3.71 minutes, while it 

was 4.50 minutes for Scenario B. The average distance for Scenario A was 2.24 miles, 

while it was 2.99 miles for Scenario B. These figures mean that on average, it would take 

.79 minutes longer and .75 miles farther to reach the co-located site than the non-co-

located site from the local schools. Thus, the co-location scenario does not appear to offer 

overall time/distance savings in multi-stop trips between schools and the library.  

 

 

Figure 18. Impact 9 Time/Distance Savings to Patrons 
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Impact 10 Synergy of Services 

 In this project, Scenario A, the No Co-location base scenario, was ranked 1 for 

Synergy of Services, as there is currently no apparent higher-than-average synergy or 

coordination of efforts between Newton Lee Elementary School and Ashburn Library. 

Scenario B, the Co-location scenario, was ranked 2. This higher score for the hypothetical 

co-location scenario is based not only on the proximity of the library to Newton Lee 

Elementary School, but also considers proximity to other facilities and features in the 

area. First, as mentioned previously, there are two parks directly to the southwest of the 

site: Dominion Park and Trailside Park. Furthermore, the Washington & Old Dominion 

Trail runs directly between the co-location site and the parks. This layout offers 

considerable opportunity for synergy of services between Newton Lee Elementary 

School, the co-located Ashburn Library, and the Parks & Recreation Dept.  

Furthermore, the higher score for synergy of services carries the consideration 

that a senior center could have been placed at the original library site, as mentioned above 

under Impact 1. This senior center, surrounded by elementary, middle, and high schools, 

could become part of a program intended to increase synergy of services in the following 

ways. First, the program could be set up so that seniors have access to lunch programs 

and gym hours at the schools. They also could become involved in inter-generational 

programs at the schools, such as reading hours at the elementary schools or providing 

talks at the middle and high schools. School buses could be used to transport the seniors 

to the schools, the library, the parks, and back to the senior center in off-service hours. 

Ideas such as these are supported in the literature (Generations United, 2002; Sullivan, 
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2002). However, they clearly would involve additional planning and coordination (thus 

affecting Impact 5 Planning Resources Expenditure).  

 

 

Figure 19. Impact 10 Synergy of Services 
 
 
 
Summary 

Below is a synopsis of the results of the ten impacts used to compare the two 

scenarios (see Table 12 below). While cost of land seemed problematic because both sites 

were proffers, there are opportunity costs to consider that make the co-location scenario a 

more attractive option, such as the potential for a larger library at the co-location site, as 

well as the opportunity to place another public facility at the original library site, such as 

a senior center. A modest savings estimate of 5% for constructing the school and library 

together might have saved approximately $1,049,038. Utilities installation on a campus-

style co-location site is estimated to have saved 5%, as well, equivalent to $10,920.70. 
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Because the site would have been arranged campus-style, current thought is that there 

probably would not have been any significant savings in operating costs. However, this is 

difficult to evaluate in a retrospective study due to lack of appropriate data, such as 

available contractor bidding estimates. Co-location would likely have incurred 

moderately higher expenditure of planning resources. Space savings are estimated to have 

been about 5%, or approximately 96,500.95 square feet, in the co-location scenario. 

While it appears that accessibility to the co-location site is not ideal, no significant 

negative impact was determined. Resident coverage was assessed to be higher for the co-

location scenario by over 2,000 residents for both 2005 and 2010. The co-location 

scenario does not appear to offer time/distance cost savings, as evaluated through school-

library multi-stop trips, in this case study. Synergy of services was estimated to be 

moderately higher for the co-location scenario, based primarily on the proximity not only 

to the Newton Lee Elementary School but also to local parks and the W&OD Trail. A 

further consideration is that a senior center might be built at the original library site.  

In short, a reasonably conservative cost-benefit summary indicates that co-

location of Ashburn Library with Newton Lee Elementary School might have saved 

$1,059,958.70 in construction and utilities installation costs. It might have saved 

96,500.95 square feet but could also have afforded the opportunities to build Ashburn 

Library to standard size and to install another facility at the original library site (such as a 

senior center). Co-location might have increased service coverage by over 2,000 residents 

for the 5-year period 2005-2010 while potentially improving services through locational 

synergies. Co-location might have incurred costs in terms of vehicular travel distance and 
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time between local schools and the Ashburn Library. These average to less than a minute 

and less than a mile longer/further than the current disposition of facilities. An additional 

cost is likely to have been increased use of planning resources.     

By focusing on the above ten co-location impacts, it was possible to evaluate both 

intended consequences, such as savings in construction costs and space, as well as 

unintended consequences, such as changes in traffic patterns and service coverage. In this 

case study, it appears that there are advantages and disadvantages to each scenario. For 

example, the co-location scenario offers various types of resource savings to the county. 

However, the new location may not offer time/distance benefits to residents. The next 

step would be prioritization of the impacts by county leadership in order to confirm 

which scenario is more suitable.   
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Table 12. Co-location Impact Results 

# IMPACT  DESCRIPTION 

EXPECTED 

RESULT OF     

CO-LOCATION 

ACTUAL 

RESULT OF   

CO-LOCATION 

1 Cost of land 

How much money is saved in 
land costs by co-locating public 
facilities vs. siting them in 
different places? Reduced costs 

Benefits include 
larger library, 
additional facility at 
original site 

2 
Cost of 
construction 

How much money is saved by 
constructing co-located facilities 
vs. facilities constructed at 
different places and/or times? Reduced costs 

Savings of 
approximately 
$1,049,038 

3 

Cost of 
utilities 
installation 

How much money is saved by 
running utilities to co-located 
facilities vs. running them at 
different places and/or times? Reduced costs 

Savings of 
approximately 
$10,920.70 

4 
Operating 
costs 

How much money is saved by 
operating co-located facilities vs. 
facilities at different sites? 

Reduced costs for 
integrated (i.e. non-
campus) facilities  

No known savings 
for this campus-style 
case study 

5 
Planning 
resources 

What is the comparison of 
planning time, resources 
expended between co-located vs. 
non-co-located projects? 

Higher expenditure 
of planning resources 

Moderate planning 
resource expenditure  

6 Space 

How much physical space is 
saved in co-location (e.g., buffer 
area, parking space) vs. siting 
facilities at different locations? 

Reduced space 
required 

Savings of 
approximately 
96,500.95 sq. ft. 

7 Accessibility 

How will traffic patterns differ in 
co-located vs. non-co-located 
sites? How will this impact 
accessibility to the site? 

Traffic patterns 
negatively impacted 

No significant 
negative impact 
(average 
accessibility) 

8 

Resident 
coverage/ 
service  

How will resident 
coverage/service provision be 
affected by co-location vs. non-
co-location? 

Resident coverage 
not significantly 
impacted  

Improved resident 
service coverage by 
over 2,000 for period 
2005-2010 

9 

Time/distance 
savings to 
patrons 

How much time will the co-
location project save patrons by 
having to make fewer/ shorter 
trips than if facilities were at 
different sites? 

Reduced time/ 
distance required by 
patrons for multi-stop 
trips 

Increased time/ 
distance required by 
patrons for school- 
library multi-stop 
trips 

10 
Synergy of 
services 

Will there be increased synergy of 
services by co-locating vs. not co-
locating the facilities? 

Increased synergy of 
services  

Moderately increased 
synergy of services 

 



 

 100   
  
 
  

 

 

5. Conclusions 

 

Co-location of public facilities appears to offer valuable benefits such as resource 

savings, enhanced synergy of services, possibly even heightened sense of community. 

For rapidly growing areas with limited financial resources such as Loudoun County, the 

prospect of such benefits is particularly appreciated.  However, while Loudoun County is 

still growing, the regional slowdown in the housing market has made more acute the 

concern over how to continue to maintain the high standards of public services that have 

become the norm in the county. While the raising of taxes is an option, and has become 

one throughout the region, there are other means to save money and maximize resources. 

Co-location can be one of those means, thus making it a particularly relevant topic now.  

Based on the academic and applied literature on co-location planning, 

understanding of the current situation in Loudoun County, i.e. rapid growth and recovery 

from rapid growth, as well as knowledge of the goals, policies, and planning processes 

used by the County, a spatial decision support approach was selected as the preferred 

method to test for evaluating potential co-location projects. A SDSS is particularly suited 

for this type of analysis because a) it can handle the varied, changing, uncertain types of 

data often encountered in co-location planning, and b) it focuses on input from decision-

makers in the form of preferences, priorities, and other real-world contributions that 

reflect how planning is actually conducted at county level.  
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This project demonstrates the utility of using a SDSS in co-locating public 

facilities at the county level, particularly in a rapidly growing environment. It is the 

methodology, with its set of ten standardized co-location impacts operationalized within a 

GIS-driven SDSS, that is distinct in the co-location literature. More significantly, this 

project makes a unique contribution to the literature by combining various sources of 

relevant information extant on co-location – academic literature, applied literature, and 

local knowledge, preferences and priorities – in developing and running the SDSS. This 

project helps bridge the long-standing and problematic divide in public facilities co-

location between theory and practical application.  

In the near future, a second case study will be undertaken. While the historical 

Newton Lee Elementary School case study served as a proof-of-concept pilot project, the 

second case study will be a predictive application of the SDSS for a project of current 

importance to Loudoun County. This project is part of the 692-acre public services hub 

undergoing planning at this time, as discussed above in Chapter 3. The SDSS analysis 

will develop scenarios of options for the county to visualize and compare during its 

process of planning use of one of the sub-sites. In addition to testing the SDSS in a 

predictive application, utilizing it in such a significant real-world problem will, in theory, 

allow for collection of more and better input data as well as empirical data about the 

SDSS process as conducted by a local government.  

Additionally, it is important to consider how a SDSS will be used in the future. 

One option is to use the SDSS only for special assignments, such as the 692-acre project 

mentioned above. Such limited use of the SDSS may be necessary due to manpower and 
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other resource constraints. However, integrating the SDSS approach into regular 

planning, such as during review of co-location opportunities by the Schools-County team 

mentioned above in Chapter 3, would be beneficial. First, the co-location planning 

process would evolve so that the county would have a more standardized, habitual 

approach to co-locating public facilities. Second, the SDSS would improve over time 

because of the regular interaction and input provided by analysts, planners, and 

decisionmakers. This approach would necessarily require development of a streamlined, 

specialized SDSS and analysis process that are focused but adaptable to change.      

Lastly, another important related area of future research involves one of the 

assumed fundamental benefits of co-location as discussed in both the academic and 

applied literature above. This is its potential for increasing sense of community. 

However, while there is abundant literature from various disciplines that conceptually 

discusses sense of community as a co-location benefit, there seem to be little empirical 

data to support that co-location, in fact, creates this positive impact. Without such data, it 

is difficult to accurately assess co-location’s impact on sense of community, either in a 

retrospective or predictive study. Thus, while sense of community would have been an 

important impact for this study, it is left to be undertaken as part of future research. 
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APPENDIX 1  Data Library   

LAYER DESCRIPTION SOURCE 

DATE 
(created or 

updated) 

County Boundary of 
Loudoun County, VA 

The boundary defines the extent of the 
County's jurisdiction. 

Loudoun County Office of 
Mapping and Geographic 
Information (OMAGI) 2002 

Loudoun_mosaic2005.sid 

1' Panchromatic (B&W) Digital 
Orthophotography of Loudoun County, 
VA OMAGI 2005 

GS2006_OwnLeas_QA_A
ssess_20061206_dtl County owned and leased properties OMAGI 2006 

Towns Major county urban areas OMAGI 2006 

Traffic Analysis Zones 

Loudoun County Traffic Analysis 
Zones used with population data for 
geospatial analysis of population 
change 

Loudoun County 
Demographics 2007 

Parcels Delineates county parcels OMAGI 2007 

Centerline County centerline (road) data  OMAGI 2007 

Libraries County public libraries 
Extracted from county 
owned/ leased lands layer  2007 

Elementary Schools County public elementary schools 
Extracted from county 
owned/ leased lands layer  2007 

Middle Schools County public middle schools 
Extracted from county 
owned/ leased lands layer  2007 

High Schools County public high schools 
Extracted from county 
owned/ leased lands layer  2007 

Community Centers County community centers 
Extracted from county 
owned/ leased lands layer  2007 

Parks County parks 
Extracted from county 
owned/ leased lands layer  2007 

Demographic projection 
tables 

5-yr county demographic projections 
out to 2030 County Demographer  2007 

Ashburn Library footprint 
Polygon showing normal size for 
library; located at proposed site B 

Created based on county 
library size requirements 2007 

Ashburn Library A Ashburn Library at original site 
Extracted from county 
owned/ leased lands layer  2007 

Ashburn Library B 
Hypothetical Ashburn Library (current 
size, other data attached) at Site B 

Extracted from county 
owned/ leased lands layer  2007 

Ashburn Library A Buffer 
3.0 mile buffer around Ashburn 
Library at original site 

Created using buffer 
function 2007 

Ashburn Library B Buffer 
3.0 mile buffer around Ashburn 
Library  at proposed site 

Created using buffer 
function 2007 

Newton Lee Nearby 
Facilities 

Public facilities in proximity of the 
Newton Lee site 

Extracted from county 
owned/ leased lands layer  2007 
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