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Abstract: In a pilot project initiated in September of 2001, the Boston Public Health Commission, in collaboration with the 
Department of Urban Studies and Planning at the Massachusetts Institute of Technology, developed a methodology for super-
imposing historical and present-day industrial land use data layers with demographic information and public health data. The 
goal was to identify and to possibly define a historical relationship between present-day public health concerns and past practices 
of land use within an urban environment. Historic data layers showing location and type of industries known to emit hazard-
ous substances were interpreted from Sanborn Fire Insurance maps in the years 1888 and 1962. These historic industries, along 
with current-day industries listed under the Massachusetts Department of Environmental Protection Tier 21 and Major Facil-
ity databases, were classified according to the Standard Industrial Classification Manual published by the U.S. Department of 
Commerce, and linked to tables of hazardous chemicals associated with each type of industry. Using ESRI ArcView 3.2 GIS, 
the two historic data layers were then overlain with present-day census and public health data. A customized spatial filtering 
function was developed to highlight “hotspots” of significant industrial activity and the accumulated risk potential over a period 
of time. The result is an archeology of risk. The intent is to produce a planning tool for strategic environmental health interven-
tion to serve professionals in government and the private sector, such as public health professionals, legislators, city planners, and 
environmental designers, as well as community-based organizations. 

Introduction
Despite improvements over the years in technical analysis and 
increased formal emphasis on multi-stakeholder participation, 
decision-making processes involving land use planning are often 
made with little or no relation to its site history. A parcel of land 
used for residential or commercial building might once have 
been a leather tannery, lead smelter, or foundry—land uses that 
are associated with the possible release of heavy metals. Add to 
this historic patchwork of successive industries the current mix 
of residential, commercial, and industrial zoning and land uses, 
and we are left with a complex tapestry of in situ conditions with 
environmental health concerns. 

As land use changes over time, remnants of prior use are 
either demolished or buried beneath new constructions and are 
effectively rendered invisible. It is essential that we capture the 
invisibility of historical land use in terms of the chemical makeup 
of the land that resulted from previous land uses. This is because 
some chemicals may remain on the land long after their initial dis-
charge, and these may still be toxicologically active. The threat of 
chemical contamination from previous land uses presents a criti-
cal need for public health intervention to prevent environmental 
hazards from adversely affecting today’s susceptible populations. 
Moreover, the experience of place and the burden of incompat-
ible land use are phenomena that derive meaning from a history 
of land uses that extend their legacy through time (Colten 1994, 
Gustafson 2001, Lejano and Ericson 2004).

A systematic methodology is needed to trace this industrial 
legacy. Information on exact types and amounts of chemicals 

used historically in industries of the past, and actual measure-
ments of contamination found on any given parcel of land due to 
such prior land use, are undocumented and unavailable. Formal 
records from relevant governmental agencies, such as planning 
departments and assessors’ offices, supply quantitative information 
about historical zoning codes, and, to a minimal extent, types 
of industries previously present. Such information is, however, 
limited by their decentralized, unsystematic, and generally inac-
cessible nature, and is not effectively incorporated into land use 
decision-making processes today.

This paper develops a systematic methodology for docu-
menting and analyzing the industrial ecology of past industrial 
activities, in an effort to better understand present-day environ-
mental risk. This pilot project has been developed jointly by the 
Department of Urban Studies in Planning at the Massachusetts 
Institute of Technology (MIT) and by the Boston Public Health 
Commission (BPHC). The use of geographic information systems 
(GIS) was crucial and catalytic to our project, which not only 
enabled the visual superimposition of historical and present-day 
industrial land uses, but also facilitated a time-series analysis of 
degrees of “hotness,” or possible contamination levels, over our 
study area. Note that our research lies in the realm of qualitative 
analysis, as not enough data is available to give reasonable esti-
mates of chemical use or release in past land uses. 

Of course, we are not the first to realize the potential of GIS 
for enabling new modes of analysis. A number of researchers are 
presently using GIS to screen areas for potential brownfields or to 
optimize brownfields redevelopment (Litt 2002, Thomas 2002). 

Mapping the Industrial Archeology of Boston

Kris Kolodziej, Raul P. Lejano, Chikako Sassa,  
Sushila Maharjan, Jalal Ghaemghami, and Thomas Plant
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There is a growing body of knowledge on the use of GIS for as-
sessing potential exposures to toxics (Guthe et al.1992, Zhang et 
al. 1996, O’Dwyer 2001, Gonzalez et al. 2002). At the same time, 
other researchers use mapping to illustrate historical land use suc-
cession. We attempt to link all these areas and relate history, land 
use, and community vulnerability. We also draw insights from the 
growing use of GIS in the area of archeology (e.g., Fry et al. 2003), 
the only difference being our application to an urban setting. The 
team was probably most influenced by concepts from the field of 
public participation GIS, or PPGIS (Obermeyer 1998, Cinderby 
1999), wherein GIS is used as a medium for bringing out new 
ways of understanding or interpreting situations. Indeed, as we 
have attempted to do, some proponents of PPGIS have realized 
its power for bringing out community narratives, even linking the 
present situation to its history (Harris et al. 1995, Al-Kodmany 
1998, Ghose 2001). 

Study Area
The city of Boston, Massachusetts, shaded in lighter gray in 
Figure 1, has had a long and rich history of varied industries and 
land uses. Over the past 350 years, Boston’s central landmass has 
more than tripled, attributed mainly to the annexation of nearby 
towns but also due to an expansive landfill project that created Back 
Bay, a portion of the Financial District and the new face of Boston’s 
waterfront (City of Boston, Neighborhood Homepage, found at
http://www.cityofboston.gov/neighborhoods/default.asp). Pres-
ent-day Boston is comprised of 20 neighborhoods stretching an 
area of roughly 48.4 square miles. Our study area for this pilot 
project involved the neighborhoods of Roxbury and Jamaica 
Plain, shaded in darker gray in Figure 1, chosen due to the area’s 
conspicuous industrial history. Ensuing research will aim to cover 
other neighborhoods in Boston using the same methodology. Our 
study area is demarcated by the census boundaries of Roxbury and 
Jamaica Plain, and the unit of area for our analysis is the census 
tract (Figure 2). We used a 1990 census tract boundary to map 

risks of industrial facilities that existed in three different time 
periods: 1880, the 1960s, and 1997. However, there is a caveat 
in the consideration of the geographical boundaries of different 
time periods for analysis. The town boundaries of the previous 
years and the current ones do not match. Therefore, there are 
some facilities that lie beyond and are not included in the present 
boundaries of the towns considered under the study. 

Methods
This project was carried out in three phases: 1) heads-up digitizing 
and data entry of location and type of industrial facility present 
over three time periods; 2) identifying chemical pollutants that 
were likely to have been generated by each historical industrial 
facility, and determining their relative hazard levels; and 3) GIS 
data analysis. 

Sanborn Fire Insurance maps from the years 1888, 1962, 
and 1968 were used as our primary source of historical data. They 
provided detailed and comprehensive information about the type 
of industry present at the time and its inferred land use, building 
typology, building footprint, and limited physiographical details 
about the landscape such as the presence of bluffs and streams. 

The heads-up digitizing process began with a careful surveil-
lance of Sanborn sheet maps to identify any industrial facility 
historically associated with the use of various toxic chemicals. 
Facilities that were considered relevant included metal foundries, 
breweries, auto-repair shops, sheet metal works, gasoline stations, 
dry cleaning operations, and hospitals, to name a few. Using 
ArcView, each of these industrial facilities was manually entered 
as point features on base maps (derived from the 1997 Boston 
parcels) at geographical orientations that roughly corresponded 
to the original Sanborn maps. In some cases, the street layout 
depicted in Sanborn maps of 1888 or 1962 did not match up or 
resemble that of the 1997 Boston parcels theme; in these instances, 
we referenced perennial landmarks and historical, intact buildings 
to best locate corresponding geographical locations between the 

Figure 2. Neighborhood boundaries of Roxbury and Jamaica Plain are 
shown in bold, beneath which are shown census tract denominations 
of the same neighborhoods comprising our study area. 

Figure 1. The neighborhoods of Roxbury and Jamaica Plain are 
shaded in darker gray, within the lighter-gray context of the City of 
Boston, Massachusetts.
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Sanborn and 1997 parcels maps. The 1888 data layer consisted 
of facilities found in the 1888 Sanborn map, and the 1962 data 
layer resulted largely from the 1962 Sanborn map, but also from 
a nominal portion of the 1968 Sanborn map in the interest of 
achieving the spatial integrity of our study area. Both the 1888 
and 1962 data layers included three base themes: 1997 Boston 
parcels, 1997 TIGER (Topologically Integrated Geographic 
Encoding and Referencing) roads, and Ortho-photos. Then, a 
third data layer containing information on current (i.e., 1997) 
industrial facilities was created using the Massachusetts Depart-
ment of Environmental Protection (DEP) Tier 21 and Major 
Facility databases. 

Attributes of each point in all three data layers included a 
unique identifier, the name of the facility as it appears in either 
the Sanborn maps or the Tier 21/Major Facility databases, and 
type of facility classified by the Occupational Safety & Health 
Administration’s (OSHA’s) Standard Industrial Classification 
(SIC) code (U.S. Department of Labor). For the two historical 
layers of 1888 and 1962, SIC codes were manually assigned to 
each industrial facility using the 1987 SIC Manual Search Website 
offered by OSHA at http://www.osha.gov/oshstats/sicser.html. 
This page allows users to access descriptive information for a speci-
fied 4-digit SIC by entering key words pertinent to the type of 
industrial operation. For example, for a leather tannery, we would 
enter the keyword “tannery” into the search prompt, and receive 
back a SIC code associated with this operation: “3559: Scouring 
machines, tannery.” When presented with several options, we 
read through the descriptions for each SIC code and determined 
which code seemed most appropriate for the industrial facility 
in question. When the search provided no results, we examined 
the manual structure of SIC classifications and searched for the 
most appropriate code. When information from the Sanborn 
maps proved insufficient to determine the nature or scale of the 
industrial activities carried out in a particular facility, we resorted 
to leaving the SIC classification field blank in our data. Researchers 
frequently consulted with one another to standardize the assign-
ing of SIC codes, in order to bring differences between personal 
judgments to a minimum.

After classifying each industrial facility according to SIC 
codes, we then tabulated types of chemical contamination 
associated with each SIC code using the federal CERCLIS 
(Comprehensive Environmental Response, Compensation, and 
Liability Information System; Superfund, http://www.epa.gov/
enviro/html/cerclis/cerclis/cerclis_query.html) and ARIP (Ac-
cidental Release Information Program, http://d1.rtknet.org/ari) 
databases, and the Massachusetts TURA (Toxics Use Reduction 
Act, http://www.turi.org/tuirdata) database. For this research, 
the entire historical CERCLIS, 1999 ARIP, and 1997 TURA 
data sets were used. Specifically, look-up tables were prepared in 
which specific chemicals were attributed to specific SIC codes 
based on information recorded from historical incidences of 
contamination and spills. We then linked each industrial facility 
with commonly associated pollutants by using the look-up table 
to match up the SIC codes. Though the SIC classification system 

is being replaced by the newer NAICS (North American Industry 
Classification System), we decided to use the former because the 
CERCLIS and other databases have historically listed businesses 
according to their SIC codes. 

Ranking Hazards of Place
Starting with the mapping of historical facilities and linking each 
to their associated contaminants using the chemical look-up table, 
we then proceeded to developing a qualitative ranking methodol-
ogy. We devised two ranking systems, each tailored to suit different 
ways of analyzing the resulting panorama of industrial archeology. 
One ranking system involved imposing similar ranking scales to 
facilities in all three data layers, regardless of the passage of time 
since the chemicals were originally used. This ranking system is 
amenable to observing snapshots of the industrial landscape in 
each data layer from a contemporary perspective, as if taking on 
the perspective of a surveyor in 1962 when looking at the 1962 
data layer. The second ranking system took into account both the 
passage of time and the volatility of chemicals, thereby allowing 
for a cumulative view of risk over the three time periods from the 
perspective of the present. 

The first method was a relatively simple one in which we 
grouped contaminants according to three categories:

Hazard Ranking 1 Volatile Organics e.g., toluene
Hazard Ranking 2 Hydrophobic Organics, 

Soluble Metal 
Compounds

e.g., PAH

Hazard Ranking 3 Heavy Metals e.g., lead
  

This is actually an ordinal system for ranking because the 
higher the ranking, the more persistent the chemical in the soil. 
This allows the user to query the database for parcels classified 
with Hazard Ranking 3 to bring up those parcels that have the 
highest likelihood of residual contamination. On the other hand, 
querying the database for hazard Ranking 1 would bring up areas 
where the surrounding population would be most vulnerable to 
airborne air toxics. 

The idea behind this was intuitive: the higher the ranking, 
the more likely the contaminants are to stay soil-bound for longer 
periods of time. Using this ranking scheme, we assigned a Hazard 
Rank to each of the facilities represented on the 1888, 1962, 
and 1997 data layers, based on the types of chemicals likely to 
have been discharged as determined from the chemical look-up 
tables mentioned earlier. If we were unable to attribute specific 
chemicals to an SIC code using the chemical look-up tables, it 
followed that we were unable to assign a Hazard Rank to facilities 
classified under that SIC code for lack of information.

The second method went a step further, and considered the 
passage of time as a determinant factor of chemical potency. That 
is, we assumed that the effect of volatile organics released in the 
year 1888 will most likely have expired during the passage of time, 
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and will pose little or no threat to the contemporary landscape. 
Following this logic outlined in the table below, we used a binary 
system of ranking wherein facilities that are either: I) classified as 
Hazard Rank 3; II) classified as Hazard Rank 2 and were active 
sites from the 1960s or later; or III) classified as Hazard Rank 1 
and were/are active sites from the 1990s or later, were assigned a 
point whereas the rest received none (Figure 3).

The intuition is that a volatile organic (Hazard Rank 1) would 
not remain on the soil beyond a decade or so and, thus, would 
not be expected to carry over from, say, 1962. The intention 
behind both ranking systems was not to be able to quantify the 
severity of contamination, which is impossible without sampling 
every parcel within the study area, but rather to discover areas of 
relatively heightened industrial activities and their spatial patterns 
over the years, and to provide information by which intervention 
measures may be planned in the present and future through a 
more comprehensive full acknowledgement of the past.

Spatial Filtering and Hotspots
Application of GIS for this project consisted of incorporating 
customization tools into ArcView 3.2 GIS, one of which is the 
“spatial filtering” tool that adds up point feature values within a 
polygon feature (Figure 4). This enables users to add up the hazard 
rankings of facilities or the number of sites within each Census 
tract polygon. This new sum field was then used to create thematic 
maps identifying areas of heightened industrial activities, or areas 
designated as “hotspots,” and potential risks to public health.

Although the applied spatial hotspot detection method 
quantifies the hazard rankings, it is quite simple as it does not 
consider any statistical analysis. More complex spatial hotspot 
mappings, such as cancer cluster detection software, provide 

the statistical ability to detect cold spots (lower than expected 
number of cases) in addition to hotspots (higher than expected 
number of cases). High positive spatial autocorrelation can be 
generated by low values close together (cold spots) as well as by 
high values close together (hotspots) (Lee and Wong 2001). There 
are more than 100 statistical tests available for cluster assessment 
(Kulldorff 2002). Some of these are appropriate for focused tests 
(clustering of cases around a known exposure location), others 
for unfocused tests (clustering in general), and still others make 
restrictive assumptions about the data. The user needs to consult 
with a statistician to determine the most appropriate method to 
use for a particular data set. 

Methodological Limitations and 
Practical Constraints
Many assumptions were made in the processes described above 
that compromised the rigor of our analysis in the proceeding 
section. First, the problem of inconsistency was inevitable when 
personal judgment accounted for much of the process of assign-
ing SIC codes to industrial facilities. Sanborn maps often did not 
provide enough information about the precise nature and scale 
of industrial activities at specific sites, thereby necessitating the 
researcher to make his or her best educated guess; these guesses 
were invariably biased and may not have always concurred with 
one another or failed to capture the industrial operations that actu-
ally took place over time in a given facility. Second, the problem 
of documentation must be considered as a major setback when 
it is clear that not all hazardous facilities were documented both 
by the Sanborn maps and the DEP databases. It must be noted 
that Sanborn maps were commercial in purpose, catering to the 
needs of insurance companies assessing the risk of fire hazards 
when insuring properties. This meant that Sanborn maps only 
documented areas where people would and could invest in fire 
insurance; thus, it is conceivable that underpopulated or economi-
cally disadvantaged communities have not been documented for 
lack of demand. However, it is precisely in areas of lower socio-
economic status that hazardous facilities are often located, and 
this proves to be another compromising factor in our analysis. In 
addition, we recognize the problem of generalization in all stages 
of assigning risk to each facility. Not all facilities having the same 
four-digit SIC denomination are likely to follow identical methods 

Figure 3. The cumulative hazard ranking system

Figure 4. Customized GUI showing buttons and tools
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of production and thus emit identical chemicals; also, not all 
chemicals will behave in the same manner and persist over equal 
lengths of time. Our project did not take into account probable 
variations in the fate and transport of chemicals.

In choosing data layers that would best represent historical 
trends in industrial activity within Roxbury and Jamaica Plain, we 
selected only three data layers due to both time constraints and 
completeness of data. The lack of historical continuity in the da-
tabase prevents us from making stronger observations about what 
forces shape these historical trends. The availability of Sanborn 
maps has been a limiting factor in determining the selection of 
the historical time periods we have used in this study: 1888 and 
1962. The completeness of coverage is another factor, for example, 
the 1921 map only had a partial coverage of the Roxbury area, 
which precluded its use in our study. Because of this limitation, 
our study itself resorted to combining two different Sanborn maps 
for the period 1962 data layer. The part of our study area that was 
not mapped in 1962 was augmented by later documentation in 
1968. In order to generate one whole picture of the study area, we 
combined the two data layers mapped during the 1960s. This was 
done with the assumption that, given the overall time frame of this 
study, extending from 1888 to 1997, there would be little relative 
change in the size and characteristic of industrial development in 
the study area during the time interval of six years. 

As always, the analysis is constrained to the polygons that are 
available for aggregating or averaging data—in this case, census 
tracts. While conveying averages, densities, and other statistics 
on a tract basis is the simplest for the user to understand, more 
precision could be obtained by using a moving window or other 
technique for aggregating data. 

The primary practical constraint to this type of research, 
however, is quite simply the effort required in studying old 
maps, extracting relevant information, and translating this into 

GIS through “heads-up” digitizing, and, typically, one can only 
process a handful of old industrial sites in an hour. 

Analysis and Discussion
The methodology described above produced maps showing the 
magnitude and spatial orientation of industrial activities over three 
points in time, which translate into environmental risks likely to 
have accumulated over time on current-day parcels in Roxbury 
and Jamaica Plain. Our analysis mainly consisted of two parts: 
Time Series mapping and Composite Overlay mapping. The Time 
Series map looks at the number and spatial orientation of nox-
ious facilities, the extent and spatial orientation of hotspots, and 
other relevant analysis at different points in the industrial history 
of our study area. In essence, they represent snap shots of past 
industrial landscapes as seen from a contemporary perspective. 
Thus, an 1888 mapping of hotspots is seen from the perspective 
of an observer situated in 1888, which could then be compared 
to a 1962 data layer, as seen in 1962, and so on, enabling plan-
ners and historians to peer into the history of land use and spatial 
patterns of change. Through the use of Time Series mapping, we 
can investigate various environmental planning and public health 
problems. One practical application would be to determine ef-
ficient allocation of funds toward brownfield remediation, in a 
manner that would target only those tracts having hazard rankings 
above a certain threshold. 

The Composite Overlay, on the other hand, results from the 
second ranking method wherein the passage of time becomes a 
factor in determining the viability of chemicals. This allows all 
three layers to be superimposed onto one map that shows the 
cumulative effect of industrial activities over time and highlight-
ing areas of heightened environmental risk in our contemporary 
landscape. This tool is extremely useful for public health profes-
sionals in determining intervention strategies in a most efficient, 

Figures 5, 6, and 7. Time Series maps showing industrial facilities and aggregate hazard rankings in Roxbury and Jamaica Plain over 
three time periods
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need-based manner. Through these analyses, we addressed some 
of the most commonly asked planning questions, such as:
■ Where are the areas that have the highest concentration of 

hazardous facilities?
■ Which are the tracts having the highest number of people 

exposed to environmental risks posed by these facilities? 
■ What spatial patterns are indicated over a period of series of 

years? Are the current hotspots located in the same area as 
in previous years? 

■ How are hotspots distributed over time? 

Time Series Mapping
To create a Time Series map, we used the first hazard ranking 
methodology to produce the maps seen in Figures 5–7. The 
first map (Figure 5) shows “hotspots”—or areas likely to have 
above-average risks to public health due to industrial activi-
ties—in Roxbury and Jamaica Plain around 1888. The hotspots 
are based on cumulative hazard rankings of industrial facilities 
contained within each census tract. The darker the shading, the 
greater is the level of hazard potential. These maps essentially 
show contemporary risk; that is, the hotspots shown in Figure 
6 related to risk experienced by the residents of Roxbury and 
Jamaica Plain around the year 1962, and does not necessarily 
relate to how risk is distributed in the modern landscape nor 
necessarily reflect hotspots back in 1888. That said, there seems 
to be a general clustering of hotspots along a central corridor of 
both neighborhoods in all three data layers, and the spread of 
industrial activity seems to have traveled northeastwards before 
dispersing in the marginal corners of the two neighborhoods. This 
trend seems to make sense in light of the existence of a major 
transportation corridor along the border of Roxbury and Jamaica 

Plain, namely the railway. Note the presence of blank areas in the 
mappings—these correspond to areas that were not included in 
the fire insurance maps. 

However, risk, expressed simply as the summation of hazard 
rankings of individual facilities within each census tract, will not 
be amenable for comparison with other hazard maps from dif-
ferent times and places, because the areas to be compared may 
be disproportionate in nature in terms of their sizes, population 
density, income levels, and other relevant parameters. Therefore, 
in order to obtain comparable data across different data layers, 
we normalized the aggregated hazard ranking by the indicator by 
which we want to measure the hazard potential (Figures 8 and 
9). For example, for producing risk mapping based on density of 
hazardous facilities, we normalized the aggregated hazard ranking 
of the tract by its area. The second set of maps is the outcome 
of this normalization and narrows down the hotspots to only 
those areas having high-density hazard potential (that is, a high 
concentration of hazard facilities. Because the denominator is the 
unit area of tract, we can now eliminate all those tracts that have 
disproportionate hazard levels. 

Some census tracts have a higher population density than 
others, and as such these areas have different levels of population 
exposure to the risks. Therefore, we normalized the aggregated 
hazard rankings by the number of people in each tract, and 
produced the third map, which quantified risk in relation to the 
number of people exposed to the hazardous facilities. 

The darker the shading, the greater is the degree of potential 
impact (for which population density is a relevant indicator) to the 
residential community. These mappings can be used for planning 
health interventions, such as siting health outreach centers. By 
selecting the most darkly shaded tracts having the highest degree 

Figures 8 and 9. Maps showing normalized hazard rankings
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of risk and the largest population density, we can now efficiently 
allocate resources toward health facilities for serving the largest 
affected population. Similarly, by normalizing by other indicators, 
we can answer other questions, such as which tracts may have the 
highest juvenile exposure to environmental hazards, and which 
ones are located in located in low-income areas. 

Similarly, by overlaying a layer of groundwater aquifer zones, 
we can produce other areas of overlap that are most vulnerable to 
groundwater contamination.

Overlaying Demographic Data
Having mapped the hotspots, we can further investigate different 
phenomena by overlaying different present-day environmental 
and health data layers. Layers showing blood lead levels and 
asthma rates in children may be overlain over the aggregate hazard 
mappings to begin searching for correlative effects. However, as 
cautioned above, this is just a decision support tool and is not a 
quantitative model (e.g., by which we can correlate disease preva-
lence quantitatively), because it brings together information of 
various types—not all quantitative, but also ordinal, qualitative, 
and even subjective data. Another caveat is that the population 
is mobile, and as such the people who were originally affected 
might no longer represent the sample and those who represent the 
sample either were not affected or were affected because of expo-
sure unrelated to the nature of the particular areas. Furthermore, 
they might potentially be exposed to risks other than those that 
resulted from the hazardous facilities. Notwithstanding all this, 
this type of overlay mapping can lead to more reflective planning 
about connections between present-day phenomena and the his-
tory of land use. It is a logical extension of a basic methodology, 
land suitability analysis, pioneered by Ian McHarg (1969). 

We can also prepare a composite showing hazard levels ag-
gregated over all three periods (Figure 10). In the composite map, 
cumulative hazard rankings are calculated by simply summing 
the hazard rankings for only the sites that are considered active 
(referring to the rating system in Figure 3). 

These mappings help answer questions such as where the 
“hotspots” might have been located over three different time 
periods, or whether or not there might be temporal trends in 
the variation of hazard risks in sensitive areas. The distribution 
of hazard potential in terms of population density exposure to 
industrial hazards shows varying patterns in three maps. Some of 
the tracts that used to have some hazard potential in 1988 seem 
to no longer pose risks in 1962. Vice versa, other tracts that did 
not house any hazardous facilities in 1988 are the sites of po-
tential risk in 1962. This may be an indication of the changing 
movement of industrial sites over time. Nevertheless, if we focus 
on a few tracts in the western part of Roxbury, we find that this 
area remains a persistent hotspot through time. Because of the 
consistency in the level of hazard potential in this area, these tracts 
warrant sustained attention from both public health officials and 
environmental planners. These sights are the most vulnerable to 
environmental contamination and public health and might ask 
for maximum allocation of resources in terms of remediation 

projects and health services to the people living in the areas. In 
addition, more investigation may need to be carried out to actu-
ally determine the magnitude of the potential risks and to carry 
out the industrial archeology on a site-specific level (Stott 1984; 
Bergen 1990). 

Conclusion 
This pilot project has succeeded in producing a mapping tool 
for professionals in government and private industries to better 
gauge environmental risk accumulated over time. The investiga-
tors of this project explored various uses of such a tool to conduct 
research and design health intervention programs in a way that 
enables them to target the zones of the greatest concern. More-
over, communities can utilize this mapping tool as a community 
information system in an attempt to mobilize around issues of 
health and potential risk. Developers and communities, in part-
nership, can use the mapping to make better investment decisions 
and to allocate funds more aggressively for cleanup. The BPHC 
is seeking to expand the mappings to greater parts of Boston. 
Two of the first applications being contemplated are the use of 
the mapping tool for planning future remediation projects, such 
as using phytoremediation, and for educating youth about the 
history of their micro-environment. 

This project has demonstrated that digital cartography, and 
the spatial database that goes with it, can greatly aid public health 
officials in visualizing risk, identifying the hotspots, and devising 
policy interventions accordingly. Furthermore, this project was 
an effort to move mapping beyond representations of concrete, 
immediate, spatiality and on to other complementary logics, 

Figure 10. Composite Map Showing Cumulative Hazard Rankings 
Throughout 1888, 1962, and 1997 Data layerData layers.
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whereupon we realized, upon reflection, that mapping has always 
been about more than just representing the physical. Overall, the 
maps have the potential to enhance the understanding of how 
many communities find themselves having to bear a history of 
neglect and, more importantly, improve the possibility of creating 
a better and healthier future for these communities. 
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Introduction 
In the United States, the Federal National Spatial Data In-
frastructure (NSDI) initiative calls for the development of an 
“information highway” to connect the variety of spatial data 
producers and users, including government, private sector, and 
academic institutions (FGDC 1994). Initiatives on data-shar-
ing mechanisms, infrastructure, institutional arrangements, and 
standards, along with the improvements in the enabling tools, 
are crucial for assisting data-sharing practices and for build-
ing the NSDI (Nedović-Budić and Pinto 2001). Such efforts 
to achieve data coordination have been ongoing in the United 
States for many years through development and distribution of 
digital data. However, until recently there were few pronounced 
standards or mechanisms for coordinating spatial data resources 
between multiple levels of government, leading to rather isolated 
initiatives with respect to data integration. Nevertheless, some of 
the early data coordination projects started to lay an important 
foundation for future efforts in this area. The development of 
GBF (Geographic Base File)/DIME (Dual Independent Map 
Encoding) and TIGER (Topologically Integrated Geographic 
Encoding and Referencing) files, for instance, promoted data shar-
ing among more than 300 local planning agencies and managed 
to overcome bureaucratic inertia (Sperling 1995). Most recently, 
the initiative for development of the National Digital Geospatial 
Data Framework and Clearinghouse, Geospatial One-Stop Web 
portal (FGDC 1994; 2003) and the National Map project of the 
U.S. Geological Survey (USGS 2002) are significant steps forward 
in inticing the comprehensive provision and exchange of reliable 
data among a variety of users, including all levels of government, 

private sector, and utilities. However, many of these initiatives lack 
implementation plans and tools, particularly with respect to the 
local and regional levels where a great majority of data production 
and use occurs. This situation leaves a satisfactory level of data 
integration across organizations and jurisdictional boundaries yet 
to be realized (Haithcoat et al. 2001). 

GIS technology enables data integration across organiza-
tions (Campbell and Masser 1991) and can stimulate interor-
ganizational alliances (Kumar and Van Dissel 1996; Roche and 
Humeau 1999; Dedekorkut 2002). Infrastructures such as the 
NSDI would allow for unlimited sharing of spatial data, and 
thus prevent duplication of effort and redundancy in developing 
geographic databases. Interestingly, however, the rapid increase in 
organizations adopting GIS technology has highlighted the fact 
that between and within organizations, there has been a general 
inability and often unwillingness to share data and information 
across boundaries, with concomitantly low levels of coordination 
(Warnecke et al. 1998). The problems here are typically not of a 
technical nature, reflecting instead a variety of “human” reasons 
why information continues to be hoarded and organizations resist 
seemingly obvious benefits from sharing data (Greenwood 2000; 
Nedović-Budić and Pinto 2000; Feick and Hall 1999). The waste 
caused by duplication of effort, due largely to lack of information 
exchange among local, state, and federal government and private 
sector organizations, remains a significant impediment to the more 
effective and efficient use of GIS throughout society, and hinders 
the development and utilization of the technology’s full potential 
(Frank 1992; Warnecke 1999). Other recent work has further 
illustrated the incredible complexity that underscores efforts at 
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data coordination. Francis Harvey’s (2001a) survey in Kentucky 
and summary update of progress toward the National Digital 
Geospatial Data Framework and Clearinghouse demonstrate 
the complexity of GIS actor networks in collaborative environ-
ments. These findings are reinforced by Tulloch and Fuld’s (2001) 
summary of the FGDC’s survey of over 800 county-level data 
producers. They find that the needs for and types of data created 
by their sample are widely diverse, suggesting that the viability of 
achieving a Framework data set remains highly complex. 

Although recent research has offered some insights into the 
structure and motivations underlying information sharing across 
interorganizational boundaries (Nedović-Budić and Pinto 2000), 
empirical research to date has been primarily qualitative, relying 
on limited sets of case studies or anecdotal evidence. Noticeably 
lacking have been any larger-scale empirical research studies to 
investigate the nature of data-sharing activities, including their 
primary characteristics. Though many researchers discuss “data 
sharing,” of paramount concern is the question as to whether 
there is a clear agreement on what data sharing actually implies. 
This paper reports on the results of a recent research project that 
investigates the data-sharing phenomenon across multiple public 
agencies on a U.S. national level. The results of this research offer 
an inside look at the current nature of many data-sharing arrange-
ments, in terms of variables such as the reasons for data sharing, 
the extent and nature of interaction, standardization activities, and 
levels of participation and contribution. Further, the research find-
ings offer evidence of a direct link between specific motivations 
and structural variations in the data-sharing arrangements.

Motivations and Interaction 
Mechanisms—Concepts and Theory
Coordinated systems and databases promise to stimulate inter-
organizational cooperation and collaboration and are expected 
to result in the provision of a better information base for man-
agement and strategic decision making. Based on case study 
research conducted among U.S. city and/or county governments 
and other associated organizations, Nedović-Budić and Pinto 
(2000) identifies two factors that shape the processes involved 
in data-sharing activities as well as their outcomes: 1) motiva-
tions for engaging in data-sharing activities, and 2) structural 
characteristics of the interaction mechanisms implemented by 
the data-sharing entities. 

Motivations for Data Sharing
The underlying assumption behind data-sharing initiatives is that 
such interorganizational sharing processes provide a number of 
benefits to the involved organizations. Avoidance of unnecessary 
data redundancy and duplication of efforts appear to be the most 
important goals of data coordination initiatives. The expected 
benefits from sharing, however, go beyond efficiency (Nedović-
Budić and Pinto 2001). Benefits that are typically identified in 
the literature as the primary drivers for data exchange include the 
following three (Nedović-Budić and Pinto 2000):

1. Cost savings. As consortia of agencies or independent 
organizations share data, they no longer need to duplicate 
data gathering and archiving, which leads to savings in 
terms of personnel, space/facilities, data acquisition and 
maintenance costs. 

2. Improved data availability. A data archive could contain a 
larger selection of records than would be held by any one 
organization, thereby offering a more comprehensive library 
of geographic information.

3. Enhanced interorganizational relationships. Underlying 
data sharing is the larger issue of promoting greater cross-
organizational communication. It is assumed that among 
organizations that communicate and share information, 
there is a stronger opportunity to develop new, joint service 
missions within their jurisdictions.

Although cost savings are often mentioned as the major 
reason for interorganizational engagements (Nedović-Budić 
and Pinto 1999a), expected monetary benefits are not the only 
motivators for the establishment of data-sharing mechanisms. In 
the GIS literature, the following additional reasons are cited as 
motivating GIS-related data exchange: organizational needs and 
capabilities (Calkins and Weatherbe 1995); power relationships; 
appeals to professionalism and common goals (Obermeyer 1995); 
and incentives, superordinate goals, and accessibility, as well as 
resource scarcity (Pinto and Onsrud 1995). O’Toole and Montjoy 
(1984) summarize the various motivations into three categories of 
inducements: 1) authority, 2) common interest, and 3) exchange 
(receiving something in return). It is important to consider these 
various types of motivations for data exchange as they can be 
expected to uniquely shape the structure of data-sharing agree-
ments. However, a comprehensive, empirically-based account of 
reasons for establishing exchange or coordination mechanisms and 
impacts of such varying motivations on the nature and success 
of GIS development and exchange efforts are currently lacking 
from the respective literature. 

Structural Characteristics of Interaction Mechanisms
Geographic data-sharing efforts involve redefinition of existing 
tasks and structures and the establishment of new ones (Azad and 
Wiggins 1995). The structure of an interorganizational relationship 
is established by specifying roles, obligations, rights, procedures, 
locations, information flow, data, analysis, and computational 
methods used in the relationship (Kumar and Van Dissel 1996). 
There are numerous ways to structure interorganizational GIS 
and database activities, and the various configurations in which 
GIS resources are developed and exchanged often depend on the 
given institutional, technical, and economic constraints (Dueker 
1987) as well as the above-mentioned specific motivations. 

It is important to note that structure is a multidimensional 
concept. Five aspects of structure have been identified based on 
case study results as being of particular importance for study-
ing interaction mechanisms (Nedović-Budić and Pinto 1999a; 
1999b; 2000). First, distinct forms of sharing mechanisms can be 
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identified based on the extent of interaction involved. Extent of 
interaction can vary from simple awareness of or communication 
about GIS activities to different forms of data exchange and, in 
its most sophisticated form, to joint system development and/or 
maintenance and sharing of resources beyond data (including 
personnel, facilities, and equipment). Second, interaction mecha-
nisms can be either formal or informal in nature. Third, different 
standardization activities can be involved, ranging from no accep-
tance of standards to adoption of private, local, regional, federal, 
or international standards. Fourth, a specific relationship can be 
characterized by the participation status of the entities involved. 
Different forms of membership with varying level of influence 
or mere subscription status can be distinguished. Finally, the 
structure of the sharing relationship can be characterized based on 
the contributions of the specific entities to the joint GIS database 
development or data exchange activities. 

A Conceptual Model of Data-Sharing 
Motivations and Interaction Mechanisms
Based on this review of relevant literature, a conceptual model 
of data-sharing mechanisms and their underlying motivations is 
developed (Figure 1). It assumes that the reasons for establishing 
data-sharing agreements range from saving resources, common 
mission/goals, and existing organizational dependencies to vari-
ous forms of directives from higher levels, disaster or emergency 
response/management, or a sense of duty for an authority. Further, 
the model suggests that the specific reasons behind data exchange 
relationships influence the specific structural layout of the in-
teraction mechanisms implemented by the sharing entities. All 
five structural dimensions of interaction mechanisms identified 
above (extent of interaction, nature of interaction, standardization 
activities, participation status of entities involved, and level of 
contribution to shared activities) are incorporated in the model. 
Motivations as well as the resulting structural layout of the data-
sharing agreements are expected to differ for data-sharing projects 
depending on whether the exchange occurs internally (within 
organizations) or externally (between organizations). 

Methodology
A national survey of city and/or county governments, regional 
entities, and other related public and private organizations that 

engage in data-sharing activities was conducted to validate the 
relationships proposed by the conceptual model. A self-adminis-
tered survey instrument was designed based on items derived from 
the model concepts. The questionnaire was pre-tested through 
interviews with GIS professionals and academics for readability 
and clarity. The survey instrument is accessible at the following 
address: http://www.urban.uiuc.edu/faculty/budic/W-NSF-
2.html. Only the responses to Section 1 titled “Interorganizational 
Mechanisms and Motivations” are relevant for the discussions 
included in this paper. Factors related to context, relationship, 
implementation, and outcomes of interorganizational GIS were 
analyzed and presented in other works.

Questionnaires were distributed to a non-random, 
purposive sample of representatives from local governments 
involved in interorganizational data-sharing relationships. The 
employees in GIS managerial roles were targeted to fill out the 
questionnaire. Because the unit of analysis for this research was 
the individual organizational unit/entity from a sharing con-
sortium or “cluster,” the survey sampled 107 selected clusters 
of organizations across the United States using and sharing 
GIS. These clusters had been identified primarily based on the 
NSGIC/FGDC Framework Survey conducted in 1998 (FGDC 
2002). Only sharing clusters that involved some kind of co-
ordinating entity were included. Additional clusters known 
from the anecdotal GIS case study literature (e.g., conference 
proceedings and trade magazines) were also considered. Next, 
telephone interviews were conducted for screening purposes 
as only clusters that reported interorganizational data-sharing 
activities were to be included in the final sample. This initial 
screening was also used to obtain contact details for the other 
sharing entities within the cluster. At least five units/entities 
per cluster were contacted to account for differences in the 
views of the members of the sharing relationship. In most 
states, two clusters were identified and sampled, although in 
more populous states three to six sites were sampled. In less 
populous states only one cluster was sampled. All states were 
represented in the sample. 

Information about the relationships of the respondent or-
ganization with the other entities in the data-sharing cluster was 
collected by asking the respondents to consider a maximum of 
eight entities internal and eight entities external to their organiza-
tion. Departments, divisions, or other units within an organiza-
tion (e.g., within city or county government) were considered as 
internal to that organization; functionally, financially, and admin-
istratively independent organizations were considered as external 
entities (e.g., utility companies, municipal governments, regional 
planning commission, and school district would be regarded 
external to a county government). For each of the listed entities, 
the respondents were asked to characterize their shared geographic 
information systems/geographic data (GIS/GD) activities in terms 
of extent, reasons, and the nature of the interaction, as well as 
standardization activities, participant status, and contribution to 
shared GIS/GD activities by selecting all applicable responses. A 
respondent’s interactions were identified as having certain char-

Reasons for Interaction

Saving resources

Common mission/goals

Joint one-time project

Official mandate

Emergency response/management

Direction of high-level individual

Sense of duty for an authority

Structural Characteristics of
Interaction Mechanisms

Extent of interaction

Nature of interaction

Standardization activities

Participation of entities involved

Contribution to shared activities

Locus of
Interaction

Internal

External

Figure 1. Conceptual model of relationships between motivations and 
interaction mechanisms

http://www.urban.uiuc.edu/faculty/budic/W-NSF-2.html
http://www.urban.uiuc.edu/faculty/budic/W-NSF-2.html
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acteristics if at least one of the internal interactions or at least one 
of the external interactions was described in that specific way. 

A total of 529 questionnaires were mailed out following the 
Dilman (1978) Total Design Method for mail survey adminis-
tration. The final sample yielded 245 responses, for a response 
rate of 46 percent. The sample was analyzed with respect to the 
locations of the organizations to see whether all U.S. regions 
were represented in the data. For this purpose, the sample pool 
was defined geographically to include four regions as defined by 
the U.S. Census Bureau. The sample used for the analysis had 
the following geographical distribution: south (79 responses, or 
32.2 percent), west (58 responses, or 23.7 percent), northeast 
(42 responses, or 17.1 percent), and Midwest (66 responses, 
or 26.9 percent). In terms of types of organization represented 
in the respondent pool, city and county government responses 
outnumbered all other types by a large margin. A demographic 
breakdown of the sample in terms of organizational type is shown 
in Table 1. The majority of responses came from representatives 
from city, county, or regional governments. 

To get a sense of the character of the area in which the clusters 
of GIS users surveyed were situated, responses also were broken 
down by population size. Medium size counties in categories 
50,001–250,000 and 250,000–1 million inhabitants represent 
the majority of the sample, or about 80 percent. More specifically, 
cluster locations with a population of less than 50,000 account for 

12.7 percent of the sample; those with 50,001–250,000 inhabit-
ants account for 34.7 percent; 44.5 percent of the clusters have a 
population size of 250,001–1 million; and only 8.2 percent of the 
locations have a population of more than 1 million inhabitants. 

Finally, the respondents contained in the sample also can be 
described by organizational function (Table 2). While a substantial 
portion of respondents identified themselves as “Planning,” (24.6 
percent), when the categories of official and unofficial GIS/IT 
(information technology) organizational representatives were com-
piled, they represented over 30 percent of the overall sample.

The characteristics of the respondent organizations in 
terms of geographic distribution, population size, and type were 
compared to those organizations that had not responded to the 
survey. No significant differences were found. For the purpose 
of this paper, the specific characteristics of the organizations 
were only used to describe the sample and were not taken into 
account for further analyses. Rather, the focus was to point to 
differences between internal and external sharing activities, and 
it was assumed that these differences would be found for all 
organizations, regardless of their type, function, location, or size 
of jurisdiction. The variability across those factors was found 
sufficient not to bias the results. Even the respondents from the 
same cluster represented very different organizational units with 
different contributions to and perceptions of the shared GIS. Also, 
many different clusters were included to offer enough variance 
in values and no significant number of respondents belonged to 
the same cluster. In the majority of cases, there were only two 
respondents per cluster.

Descriptive analyses were conducted to investigate the oc-
currence of certain data-related activities and types of interactions 
within the sample as well as to obtain insights with respect to the 
motivations that underlie such joint GIS-development and data-
exchange activities. While the general descriptive statistics were 
generated for the whole pool of the respondents, for a cluster to 
be included in further analysis a minimum of two members of 
the interorganizational-sharing cluster had to respond to ensure 
that each cluster was represented by at least two entities. However, 
only a few clusters had more than two respondents. Therefore, a 

Table 1. Distribution of responses by organizational type

Organizational Type Respondents 
(n=245)

City 94 (38.4%)
Joint city/county 13 (5.3%)
County 72 (29.4%)
Utility 9 (3.7%)
Regional 38 (15.5%)
Special purpose organization 5 (2.0%)
Other, for profit 6 (2.4%)
Other, non-profit 8 (3.3%)

Table 2. Distribution of responses by organizational function

Organizational Function Respondents (n=245) Organizational Function Respondents (n=245)

Elected official 3 (1.2%) Planning 60 (24.6%)
Chief administrative office 7 (2.9%) Building inspection 1 (0.4%)
Information systems office 21 (8.6%) Public works 25 (10.2%)
Official GIS within IT 33 (13.5%) Utilities 12 (4.9%)
Official GIS outside IT 32 (13.1%) Environment/natural resources 11 (4.5%)
Unofficial GIS within IT 4 (1.6%) Property mgmt./real estate 2 (0.8%)
Unofficial GIS outside IT 10 (4.1%) Health and human services 2 (0.8%)
Finance 2 (0.8%) Public safety 4 (1.6%)
Taxation 11 (4.5%) Other 4 (1.6%)
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data set comprised of 228 responses was used for a preliminary 
analysis of differences between internal and external interactions 
to gain a better understanding of the specific nature of interor-
ganizational versus intraorganizational interaction mechanisms. 
A series of t-tests was conducted to analyze whether significant 
differences between internal and external relationships existed. 
Finally, the relationship between the most common motivations 
and the structural aspects of interactions was analyzed using 
cross-tabulations and chi-square statistics. 

Characterizing the Interactions
The reasons for establishing shared GIS development or data-
exchange activities, as depicted in Figure 2, vary widely, though 
the most frequently cited reasons include common goals or mis-
sion (73.7 percent), desire to save resources (47.3 percent), and 
functional dependency (29.1 percent). These findings reinforce 
early cross-functional cooperation by demonstrating that super-
ordinate, or jointly held and compelling goals are the strongest 
antecedent motivating collaboration among organizational 
sub-units (Pinto, Pinto, and Prescott 1993). When there exists a 
fundamental data-exchange “motivator” for all concerned parties 
in the form of shared goals, economies of scales through saving 
resources (Croswell 1991), or functional dependency in the form 
of pooled, sequential, or reciprocal interdependency as noted 
by Thompson (1967), there is a strong incentive to engage in 
cooperative data-sharing ventures.

Many of the interactions captured in this study do not reach 
beyond basic levels (Figure 3). However, a large majority of sharing 
activities (76.4 percent) have at least reached a stage where actual 
data exchange occurs. Interestingly, about half (54.4 percent) of 
these data exchange relationships are described as being free of charge 
and only about a third (33.7 percent) of the exchanges are mutual. 
More complex forms of interaction, such as joint database develop-
ment and the sharing of resources beyond data (such as personnel, 
facilities, or equipment) are less common. However, the findings 
indicate that efforts in this direction are being undertaken and 
that a significant number of sharing activities include at least some 
coordination in terms of database development. Nevertheless, more 
active sharing efforts that aim at facilitating a direct access to data, 
such as the development of spatial data clearinghouses, appear to be 
still largely neglected, with only 13 percent of the interactions being 

focused on such initiatives. A recent national study of metropolitan 
planning organizations by Knaap and Nedović-Budić (2003) affirms 
the relatively low reliance on Internet and clearinghouses for data 
exchange or access, with less than one-fifth of organizations report-
ing such practices. This particular finding confirms the trend toward 
individual GIS developments found in the FGDC survey (Tulloch 
and Fuld 2001) and a reliance on less efficient data-access methods, 
which could potentially endanger investments in broader efforts to 
build spatial data infrastructures. 

As we have previously noted, one area of possible misinter-
pretation has to do with divergent views as to what information 
sharing among interorganizational units actually connotes. That 
is, “data sharing” as a concept may be viewed benignly by various 
exchange partners; however, the practical mechanics of what data 
sharing actually requires tends to result in a potentially conten-
tious process of proposal and counter-argument (Nedović-Budić 
and Pinto 2000). In the absence of clear guidelines on the nature 
of data-sharing interactions, there is a strong opportunity for 
political and power differentials to tilt the balance away from 
an equal exchange to one that may be beneficial only to one of 
two partners (Azad and Wiggins 1995; Pinto and Azad 1994). 
Hence, another important finding from this research is to isolate 
the nature of the various forms of data-sharing interactions that 
are most often practiced in these initiatives. The key mechanisms 
for coordination are shown in Figure 4. 

Figure 3. Extent of interaction (n=245)

Figure 4. Nature of interaction (n=245)

Figure 2. Reasons for interaction (n=245)
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Only a small portion of the sharing relationships included in 
the analysis are informal (13.8 percent), that is, ad hoc or based 
on personal contacts, needs, or availability. The most common 
formal types of agreement governing the involved interactions 
are “Departmental policy” with 25.1 percent, followed by “In-
tergovernmental agreement” (23 percent) and “Mutual rules/pro-
cedures” (22.2 percent). Joint leadership, coordinating units, and 
policy or technical groups are also present but do not govern many 
relationships. “Copyright” is the least frequently used governing 
mechanism with only about 1 percent of the relations being based 
on this type of arrangement. It appears that the sharing entities 
regulate the relationships rather than the content of their activities. 
The content, however, is often guarded by the use of disclaimers 
and distribution restrictions. Further, although a large majority 
of the interactions is governed by formal agreements rather than 
being driven by ad hoc needs, the border between informal and 
formal seems to be fuzzy, and less formal ways of regulating the 
data-sharing relationships, such as mutual rules and procedures, 
appear to be as important as very explicit mechanisms. This find-
ing confirms the difficulty in distinguishing between formal and 
informal agreements as well as the relevance of rather informal 
sharing networks, particularly in smaller local governments, sug-
gested by Harvey (2001a; 2001b). 

The issue of standards selected is intriguing. Figure 5 gives 
the breakdowns of the types of standardization activities that 
underlie the sharing ventures studied. The most commonly used 
standards tend to be those developed locally (66.5 percent), 
rather than some “higher order” standard developed at the state, 
federal, or international level. In fact, outside of those agreed to 
by the sharing partners, most clusters are as likely to adopt no 
standard at all as they are to employ a state or federal standard. 
These findings offer further credence and support for the recent 
analyses of the FGDC survey findings by Harvey (2001a) and 
Tulloch and Fuld (2001) who note the tendency for coordination 
efforts to conflict with the complex reality of locally-developed 
data and sharing practices. The study results suggest additional 
challenges that face proponents of NSDI and related initiatives, 

such as the National Map, given a tendency to resist such higher, 
national standards.

Another issue identified in the study is the nature/status 
of various participants in a data-sharing arrangement. Do these 
clusters tend to be dominated by the main members whose agenda 
could prevail over a number of less powerful members, or who 
could be operating within a more egalitarian participation process? 
Figure 6 shows findings with respect to participation status. From 
a demographic perspective, it is clear that the majority of the 
respondents to the survey (though not an absolute majority) see 
their participation as being represented best by the classification 
“lead member.” Smaller proportions of respondents are non-mem-
bers, subscribers, or having membership either with or without 
voting rights. The way in which respondents participate in the 
surveyed clusters is certainly expected to influence their position 
on various interorganizational issues and relationships. 

An issue of significant interest has to do with the various con-
tribution levels offered by members of these interorganizational 
networks; that is, to what degree and in what manner do most 
members contribute to the initiative? As Figure 7 demonstrates, 
the clear majority of participants identify their primary contribu-
tion as consisting of supplying geographic data for use by other 
organizations. This result confirms the relative importance of Figure 5. Type of standard employed (n=245)

Figure 6. Participation status (n=245)

Figure 7. Contribution to shared GIS/GD activities (n=245)
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that cross organizational boundaries, some additional findings 
become evident. First, interesting differences in the reasons for 
sharing interactions are found. Saving financial resources is a 
much more frequent motivator for external interactions than 
for internal sharing agreements (Table 3). In contrast, saving 
time and staff are slightly more frequent motivators for internal 
relationships; however, the difference is not significant. Common 
goals, functional dependency, emergency management, and espe-
cially directives from higher-level organizations are more frequent 
reasons underlying internal than external relationships. Further, 
sense of duty for an authority is a more common motivator in 
external relationships, although this difference is not significant. 
Only slight differences are found for official mandate and joint 
one-time projects, with official mandate being more common 
in the intraorganizational context and joint projects being more 
frequently mentioned with external relationships. 

Regarding the extent of interactions, coordinated database 
development and more complex forms of interaction beyond just 
the data (including software, hardware, applications, space, and 
staffing) are more evident with internal relationships (Table 4). 
Also, the use of a joint clearinghouse is more common within 
organizational boundaries, although the difference is not sig-
nificant. Not surprisingly, both “fee for profit” and “fee for cost” 
arrangements are more often mentioned with external interac-
tions. Free exchange relationships are slightly more common in 
the context of internal sharing. Further, one-way interactions that 
involve giving data are more prevalent with internal relationships 
whereas receiving data is more common if the exchange occurs 
with an external agency. Interestingly, city standards appear to 

Table 3. Reasons for interaction

Reasons for 
Interaction

Percent of Respondents 
(n=228)

Internal External

Saving resources: 64.3% 62.0%
• Financial* 17.3 27.1
• Time 25.5 23.4
• Staff 22.6 21.9
Common goals/mission* 84.7 78.6
Functional dependency* 49.5 36.5
Joint project 12.2 16.1
Mandate 15.3 14.6
Emergency management* 17.9 10.9
Directive* 11.2 2.6
Duty/authority 12.8 16.7
Other 6.1 5.7

*Significant at the 0.05 level; †Significant at the 0.1 level

Table 4. Extent of interaction and standardization activities for internal vs external interactions

Extent of Interaction

Percent of Responses 
(n=228) Standardization Activities

Percent of Responses
(n=228)

Internal External Internal External

Awareness 56.9% 58.6% No standard* 24.0% 34.4%
Communication 57.9 63.4 Local standard† 70.4 64.1
Data Exchange: 86.2 90.6 • City 32.7 29.2
• Receive only* 3.1 7.9 • County 29.1 33.9
• Give only* 25.6 12.6 • Regional* 10.2 21.4
• Two way 46.2 51.8 • Other 5.6 3.6
• Fee for profit* 0 2.6 State standard* 16.8 25.0
• Fee for cost* 5.1 25.7 Federal standard† 9.7 14.6
• Barter 0 0 • SDTS 3.6 3.6
• Free 67.2 63.4 • ANSI 0.5 0.5
Coord. DB development* 58.5 32.5 • FIPS 1.0 1.0
Coord. DB maintenance* 43.1 22.5 • Metadata 3.6 4.2
Share hardware* 30.3 7.9 International standard 0 0
Share software* 37.9 9.9 Private 3.1 2.1
Share database* 46.7 20.4 Other 4.1 3.1
Share applications* 31.8 11
Share personnel* 21.0 6.3
Share space/facility* 15.9 2.1
Share clearinghouse 18.5 15.7

*Significant at the 0.05 level; †Significant at the 0.1 level

data-driven sharing relationships and a view of data as a public 
good (Masser and Campbell 1995). A significant percentage of 
the sharing partners also provide financial and/or staff support 
to the arrangement. 

Intraorganizational versus 
Interorganizational Motivations and 
Interaction Mechanisms
When looking at issues of sharing from an intraorganizational 
versus interorganizational perspective, for example, by compar-
ing relationships that are internal to the organization to those 
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play a more significant role in internal relationships while county 
and regional standards are more frequently employed when the 
interaction occurs with external organizations or agencies. One 
has to, of course, keep in mind that a large portion of the or-
ganizations surveyed are city governments. Importantly, state 
and federal standards are more often used in conjunction with 
external sharing activities. Thus, it appears that the sharing enti-
ties recognize a greater need for such standards when engaging 
in interorganizational sharing. 

The nature of interactions often varies widely depending 
upon whether the sharing arrangement is predominantly based 
on internal or on external partners (Table 5). Interestingly, for 
internal sharing relationships, the mechanisms tend to be depart-
mental policies or official policies. On the other hand, for external 
relationships, we find a higher frequency of intergovernmental 
agreements and memoranda of understanding (MOU), as well as 
service and other contracts. Further, it appears that coordination 
units and joint leadership and management are more common 
ways of coordinating intraorganizational sharing activities. Policy 
groups are also more frequently mentioned in connection with 
internal sharing activities. The same is true for technical groups; 
however, the difference is not significant. Surprisingly, informal 
exchanges can be more frequently found in the interorganizational 
context; however, the difference is not significant. 

In terms of participation status, “leading member” occurs 
more frequently in conjunction with internal interactions, while 
the status “non-member” is more common for entities that are 
external (Table 5). The findings for contributions to the shared 
GIS activities confirm the results presented for the extent to which  
different entities engage in sharing relationships. Sharing beyond 

simple data exchange, for example, staff, space, hardware, and 
software contributions, is more common when the interaction 
is internal. Contributions in the form of financial resources and 
technical services also can be more frequently found in the internal 
context; yet, the difference is not significant. Consulting is more 
prevalent in external activities. Again, the results illustrate that 
exchanges that only involve receiving data and do not involve 
active contributions from an entity occur somewhat more often 
in the interorganizational context. 

Relating Motivations and Structures
Because many significant differences were found between internal 
and external interactions, the relationships between motiva-
tions and structural aspects of sharing were tested separately for 
intraorganizational and interorganizational relationships. The 
implications of the presence versus non-presence of the most 
common motivations were explored using cross-tabulations and 
chi-square statistics. A relationship was identified as being posi-
tive when the interactions that were characterized by that specific 
motivation were more frequently associated with the presence of 
a certain structural characteristic than those for which the given 
motivation was not present. 

Only the three most common motivations—saving resources; 
common goals/mission; and functional dependency—were 
considered for this analysis because the number of responses 
for some of the less frequent reasons were too low to conduct 
cross-tabulations. Also, only significant relationships (based on 
chi-square tests) were indicated. The interrelationships between 
the existence of certain forms of contributions, standardization, 
and participation and the nature as well as the extent of interac-

Table 5. Nature of interaction, participation status, and contributions by internal vs external interactions

Nature of Interaction

Percent of Responses 
(n=228) Participation Status

Percent of Responses 
(n=228)

Internal External Internal External

Ordinance/resolution 17.3% 16.6% Leading member* 55.1% 38.0%
MOU* 7.1 29.5 Voting member 19.9 22.4
Official policy* 16.3 8.8 Non-voting member 13.8 13.5
Dept. policy* 31.6 22.3 Subscriber 15.8 21.9
Service contract* 2.0 8.3 Non-member* 11.2 30.7
Intergov. agreement* 18.4 40.9 Other

Contributions
12.8
Internal

14.1
ExternalOther contract* 0.5 5.2

Licensing 1.5 2.1
Copyright 1.0 1.0 Financial 52.0 46.1
Mutual rules/procedures 31.6 30.6 Staff* 52.6 34.2
Joint leadership† 11.7 6.7 Space* 27.0 13.0
Interorg. policy group† 12.2 7.8 Hardware* 37.8 22.3
Interorg. tech. group 13.8 13.5 Software* 35.7 20.2
Joint management† 7.1 4.1 Data 72.4 73.6
Coordination unit/person* 21.9 13.0 Tech. services† 37.8 33.7
Other coord. body 1.5 3.6 Consulting* 14.8 22.8
Other formal governance* 4.6 9.3 None 26.5 32.1
Informal 13.8 17.6 Other 3.1 3.1

*Significant at the 0.05 level; †Significant at the 0.1 level
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tion were investigated using the same methodology. The follow-
ing text highlights some of the most important relationships; 
tables that display all significant relationships can be found in 
Appendix A. 

Respondents motivated to participate in interorganiza-
tional relationships in order to save resources are more likely to 
establish closer interactions with other entities than respondents 
not motivated by saving resources. These interactions include 
communication; data sharing; joint database development; 
sharing of hardware/software, space, and personnel; and, in case 
of external entities, joint applications and clearinghouses. Sav-
ing of resources is also the strongest driver for use of standards, 
internally in particular. This motivator coincides with the use 
of mutual rules/procedures and joint leadership as the most 
prominent internal interaction mechanisms, with generally less 
emphasis on formalization. More formal mechanisms, such as 
intergovernmental agreements, are more common for external 
interactions, which still rely considerably on informal relation-
ships. Respondents who express that saving resources is their 
motivation for GIS interactions contribute in various ways, but 
more extensively in internal settings. 

Common goals/mission tends to stimulate two-way exchanges 
and establishment of clearinghouses, while functional dependency 
internally appears to allow for sharing of space and personnel, and 
externally for sharing and joint database developments. Common 
goals/mission as the motivator is associated with state standards 
in both internal and external contexts. In terms of mechanisms, 
functional dependency tends to stimulate the use of policy and 
technical groups for interaction mechanisms. Among the varying 
contributions by internal and external entities, the contributions 
that stand out are financial in case of interactions based on goals/
mission as motivation and staff in case of interactions based on 
functional dependency. Data remains to be the main contribution 
item in all relationships that were included in the analysis.

In exploring the relationship among various structural fac-
tors, we find that respondents in the lead member role report 
extensive relationships including establishment of clearinghouses, 
particularly in relationship with external entities. In those external 
settings, the emphasis is more on two-way exchanges. Standardiza-
tion efforts also relate to closer relationships, which for external 
entities tend to include sharing of hardware and software. The 
two main types of contributions—financial and data—tend to 
associate with more intense relationships, the former in external 
settings, and the latter in internal settings. The financial con-
tribution also drives a varied approach to the cost attached to 
data exchanges—free for internal exchanges and fee-based for 
external exchanges. Data contributions internally are associated 
with joint applications and coordinated database maintenance; 
externally they coincide with coordinated database development 
and establishment of clearinghouses.

Finally, the nature of interactions indicated by the re-
spondents in the role of lead members is more policy-based in 
internal settings and more contract-based in external settings. A 
very similar pattern is found with respect to both financial and 

data contributions. Presence of local standards is associated with 
formalized mechanisms both internally and externally, including 
memoranda of understanding and intergovernmental agreements. 
However, the persisting characteristic of the relationships applied 
in interactions with external entities is the mix of formal and 
informal mechanisms. 

Summary
Respondents to the survey come from organizations with varying 
participation status in GIS-sharing interactions. About a third of 
the respondents indicate their organization is a lead member, while 
the remainder includes other voting or non-voting members and 
subscribers. The respondents cite common goals/mission, saving 
resources, and functional interdependences as the key motivation 
factors for their engagement in GIS- and database-sharing activi-
ties. Among various organizational resources, financial resources 
seem to be more relevant than staff and time resources for external 
relationships, while directives and emergency management are 
more stimulating internally. 

Overall, data is the main currency in GIS-sharing activities. 
It is mostly exchanged for free and two way, particularly in inter-
nal settings. Externally, the fee-based exchange is more present. 
Coordinated database development or maintenance is pursued, 
but somewhat sporadically, especially when external partners 
are involved. Similarly, the efforts to establish clearinghouses 
are irregular, although they are more likely to happen internally. 
Externally, the clearinghouses are more likely to be set up when 
the motivation for the relationship is to save resources than in the 
case of other motivations. However, in a recent study, Knaap and 
Nedović-Budić (2003) suggest that although the reliance on the 
Internet for data access or exchange is becoming more frequent, 
it is still not a dominant practice among external partnering 
organizations. 

To conduct GIS-sharing activities, organizations use various 
but mostly formal interaction mechanisms, including: policies, 
intergovernmental agreements, mutual rules and procedures, 
memoranda of understanding, ordinances and resolutions, policy 
and/or technical groups, and joint coordination unit/person. 
Internal relationships are more based on policy, groups, and 
joint management, leadership, or coordination point; external 
relationships are more based on agreements, memoranda of un-
derstanding, and contracts. Interestingly, external relationships 
are more formalized, but also rely on informal interactions. In 
general, the entities involved in GIS- and database-sharing activi-
ties tend to regulate their relationships more than the content of 
data that is exchanged.

Standardization activities are characterized primarily by the 
use of locally developed standards. The higher use of county, 
regional, state, and federal standards in the external context is a 
promising indication that standards are recognized as necessary 
in facilitating cross-organizational exchange. Analysis of the 
motivations and structures point to saving resources as driving 
the use of standards internally (i.e., within an organization), 
and common goals/mission as stimulating the use of standards 
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in coordinating or exchanging data with external organizational 
partners. Reliance on standards is also more present in formal-
ized contract-based interactions and among organizations that 
contribute financially. 

Overall, saving resources as the motivator and data as the 
form of contribution have strong presence across interorgani-
zational and intraorganizational settings, but they are a more 
typical factor in internal organizational bonding. Common 
goals/mission is a stronger motivator of external relationships, 
most often realized through data exchanges and establishment 
of joint clearinghouses. In those interorganizational settings, 
financial contributions tend to create tighter ties between external 
organizations, but also prompt the fee-based data exchanges. 

Conclusion
While there is general agreement that data sharing does represent 
a positive step forward in advancing the goals of the NSDI as 
well as in promoting greater joint cooperation among distinct 
organizational units, one of the frustrations to date has been the 
general lack of empirical evidence to support the more widely-held 
assumptions regarding the characteristics of data-sharing activi-
ties. Previous research that has employed case studies or anecdotal 
evidence, though offering some valuable preliminary evidence of 
the nature of cooperative data-sharing ventures, could not pro-
vide a comprehensive understanding of these interorganizational 
relationships. This research, employing a large-scale mail survey 
methodology based on previous qualitative findings, represents 
an important contribution toward improving our understanding 
of GIS data sharing.

One of the prevailing questions in studying interorgani-
zational data sharing as it applies to geographic information 
has to do with gaining a better understanding of the nature of 
such sharing arrangements. While the concept of data sharing is 
becoming more and more accepted, our research and experience 
had led us to conclude that the manner in which such concepts as 
“sharing” are interpreted tend to vary widely, depending upon the 
individual and organizational unit. For some, cooperation seems 
to be defined simply as “non-aggressive” coexistence while others 
hold a more positive, resource linkage–based view. This research 
sought to directly address a number of the principal questions 
underlying GIS data-sharing interactions among organizations 
in terms of why they shared data, the extent of sharing activities, 
the nature of the sharing relationship, the standards employed, 
the participation status of the units/entities involved, and the 
contributions made. As a result, this research offers a unique 
glimpse inside the characteristics of and motivations surrounding 
organizational units willing to enter into data-sharing activities 
across organizational boundaries.

The results presented in this paper indicate that
■ common goals/mission, saving resources, and existing 

functional dependencies are the most common motivations 
that drive data-sharing activities; 

■ exchange relationships are most often restricted to simple data 
sharing and are frequently provided or received free of charge;

■ building of data clearinghouses continues to be somewhat 
sporadic, regardless of the increased use and role of the 
Internet in accessing and exchanging information;

■ if standards are employed, they are mostly locally agreed upon 
rather than based on national or international standards;

■ organizations tend to regulate their relationship more than 
the contents of their exchanges; ordinances/resolutions, 
departmental policies, MOUs, and intergovernmental 
agreements constitute the most commonly used formal 
mechanisms; other formal sharing agreements such as service 
contracts, licensing, and copyright agreements are not very 
frequently used; and

■ informal interactions still play a significant role in enabling 
data sharing.

All these characteristics of present sharing interactions indicate 
that a broader data-sharing vision and related practices have not 
yet been adopted or have at least not been successfully imple-
mented by the majority of public agencies in the United States. 
Further, significant differences were identified between interac-
tions that occur in an intraorganizational context as opposed to 
sharing relationships with external entities. The findings indicate 
that
■ more active and extensive sharing is more likely to take place 

within organizational boundaries;
■ this emphasis on internal sharing has led to a considerable 

lack of recognition for federal and international standard 
although standardization activities are more pronounced as 
part of external interactions and relationships; 

■ saving financial resources is the most stimulating factor for 
enticing relationships with external organizations;

■ exchange with external entities tends to be more fee-based 
than exchange with internal entities; and

■ internal interaction mechanisms are more policy-based, 
while external mechanisms are more likely to include a 
legal component; external interactions are more formalized, 
but still substantially taking advantage of informal 
relationships.

Yet, the study results also illustrate that motivations have a sig-
nificant influence on the structural characteristics of the sharing 
activities. They also point to the relationships between particular 
structural elements. For instance,
■ the presence of functional dependency as a motivating factor 

for internal relationships is found to be associated with 
limited one-way provision of data rather than comprehensive 
sharing activities;

■ two-way exchanges are more present when common goals/
mission is a motivating factor;

■ organizations contribute financially more often if common 
goals/mission motivate their interorganizational relationships; 
and
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■ extensive interactions are associated with more two-way 
exchanges, increased reliance on standards, and more 
substantial contributions to the joint geographic information 
activities. 

 
The findings with respect to relationships between motiva-

tions and sharing mechanisms confirm that differences exist 
between the internal and external sharing context. Although 
additional research is needed to investigate interdependencies 
among the various motivations and the strengths of the particular 
relationships, the current findings provide an encouraging initial 
evidence for the assumption that instilling certain motivations 
into the data-sharing communities could lead to more extensive 
sharing with a broader focus. 

Given the nature of the data-sharing agreements discovered 
as a result of our study, future research needs to continue to refine 
and sharpen definitions of such cooperative ventures. Due to the 
pressures to cut costs as well as to increase organizational efficiency 
while enhancing customer response and external effectiveness, the 
need to share geographic data across organizational boundaries 
is likely to increase rapidly. This research offers some valuable 
insights in terms of how such agreements currently work and, by 
implication, can suggest ways in which these agreements can be 
enhanced to derive the maximum advantage out of data sharing, 
both in terms of its impact on customer satisfaction as well as 
the promotion of greater cross-organizational cooperation and 
positive working relationships. Specifically, the importance of 
common goals/mission as a motivator for sharing activities and 
the more extensive interactions with internal partners suggest that 
successful sharing implies more than just the resolution of data-
related issues. Also, the dominance of local standards in internal 
sharing arrangements suggests that much groundwork beyond the 
introduction of standards has yet to be done to establish broader 
sharing and commitment among the users of geographic data. 
Similarly, the continued low use of clearinghouses, especially with 
external partners, implies that data exchange currently occurs 
largely within local “islands of sharing” rather than on a regional or 
even national level. With no dramatic change occurring since the 
administration of this survey, Knaap and Nedović-Budić (2003) 
suggest a small positive trend in the reliance on the Internet for 
data access or exchange with external partners.

It is argued here that an extensive communication of a more 
comprehensive vision of data sharing is necessary and should make 
common goals/mission more explicit as it seems to serve as a very 
strong motivating factor. What is also necessary in addition to the vi-
sion is an implementation strategy and plan that incorporates these 
goals. It appears that understanding the nature and characteristics 
of the institutions involved in data-sharing activities is crucial to 
understanding and fostering sharing relationships, especially in an 
interorganizational context. Further, the differences in internal- 
versus external-sharing relationships have to be considered and 
addressed in the design, implementation, and communication 
of national data-sharing initiatives. Finally, future research has to 
concentrate on linking these situational and structural aspects to 

variables that measure the success of and/or satisfaction with such 
shared activities to be able to promote specific sharing arrangements 
that are most beneficial for certain organizational contexts. 
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Appendix A: Relating Motivations and Structures
Table A1. Relationship between motivations and extent of interaction/standardization activities

Internal External

Saving 
Resources

Common 
Goals/
Mission

Functional 
Dependency

Saving 
Resources

Common 
Goals/
Mission

Functional 
Dependency

Extent of Interaction
Awareness
Communication P* P* P* P* P*
Data exchange: P* P* P* P*
• Receive only
• Give only P*
• Two way P† P*
• Fee for profit
• Fee for cost
• Barter
• Free
Coord. DB development P* P* P* P* P*
Coord. DB maintenance P* P* P*
Share hardware P† P* P*
Share software P* P*
Share database P* P† P*
Share applications P*
Share personnel P*
Share space/facility P† P*
Share clearinghouse P* P*

Standardization Activities
No standard N*
Local standard: P* P† P* P* P* P*
• City P*
• County P† P†
• Regional P† P* P* P†
• Other
State standard P* P†
Federal standard: P*
• SDTS
• ANSI
• FIPS
• Metadata
International standard
Private

P = Positive association; N = Negative association; *Significant at the 0.05 level; †Significant at the 0.1 level

http://www.nationalmap.usgs.gov/index.html
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Table A2. Relationship between motivations and nature of interaction, participation, and contributions

Internal External

Saving 
Resources

Common 
Goals/
Mission

Functional 
Dependency

Saving 
Resources

Common 
Goals/
Mission

Functional 
Dependency

Nature of Interaction
Ordinance/resolution P* P*
MOU
Official policy
Dept. policy P†
Service contract
Intergov. agreement P* P*
Other contract
Licensing N*
Copyright
Mutual rules/procedures P* P† P† P*
Joint leadership P* P† P*
Interorg. policy group P* P† P*
Interorg. tech. group P* P* P†
Joint management
Coordination unit/person
Other coord. body
Other formal governance N†
Informal P* P†

Participation Status
Leading member P† P* P* P*
Voting member
Non-voting member
Subscriber P†
Non-member

Contributions
Financial P* P* P* P* P*
Staff P* P* P* P* P*
Space P* P* P*
Hardware P* P* P*
Software P* P* P* P* P*
Data P* P* P* P* P* P†
Tech. services P* P* P* P* P† P*
Consulting P*
None
Other N*

P = Positive association; N = Negative association; *Significant at the 0.05 level; †Significant at the 0.1 level
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Table A3. Relationship between participation (leading member), standardization (local), and financial and data contributions and extent of 
interaction

Internal External

Leading 
Member

Local 
Standard

Financial
Contrib.

Data 
Contrib.

Leading 
Member

Local  
Standard

Financial
Contrib.

Data 
Contrib.

Extent of Interaction
Awareness N*
Communication P* P* P* P†
Data exchange: P† P† P* P†
• Give only N†
• Two way P* P† P*
• Fee for cost P†
• Free P* P*
Coord. DB development P* P* P* P* P* P*
Coord. DB maintenance P* P* P* P* P* P* P*
Share hardware P†
Share software P* P* P* P*
Share database P* P* P* P* P* P* P*
Share applications P† P* P* P† P* P* P*
Share personnel P* P† P*
Share space/facility P† P*
Share clearinghouse P† P* P* P* P*

P = Positive association; N = Negative association; *Significant at the 0.05 level; †Significant at the 0.1 level

Table A4. Relationship between participation (leading member), standardization (local), and financial and data contributions and nature of 
interaction

Internal External

Leading 
Member

Local 
Standard

Financial
Contrib.

Data 
Contrib.

Leading 
Member

Local 
Standard

Financial
Contrib.

Data 
Contrib.

Nature of Interaction
Ordinance/resolution P* P* P*
MOU P† P* P†
Dept. policy P* P* P†
Service contract N†
Intergov. agreement P* P* P†
Other contract N†
Mutual rules/procedures P† P* P*
Joint leadership P* P† P†
Interorg. policy group P* P* P* P*
Interorg. tech. group P†
Coordination unit/person P†
Informal N† P*

P = Positive association; N = Negative association; *Significant at the 0.05 level; †Significant at the 0.1 level
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Introduction
The U.S. Bureau of the Census Urban Atlas project in the 1970s 
was based on selected computer-generated maps for different met-
ropolitan areas published in document form. Of the 269 standard 
metropolitan statistical areas (SMSAs) that existed in the United 
States in 1970, only the largest 65 SMSAs were included in this 
series of atlases. Each atlas was based on the 1970 census data and 
provided a graphic presentation of selected statistics at the census 
tract level for an individual SMSA. Only 12 choropleth maps with 
the same mapping variables were repeated for each atlas.
Although the Urban Atlas project prepared maps from digital 
databases of census statistics and census tract boundaries, the 
technology of the time only permitted an output strip of micro-
film, from which press negatives were made for printing the atlases 
(U.S. Bureau of the Census and Manpower Administration 1974). 
The printed atlases were limited then in terms of the number of 
census characteristics displayed and the number of census geog-
raphies that could be displayed (only census tracts). In addition, 
as static displays, the maps were not able to be reused and were 
only one possible presentation of the data. More importantly, 
the atlases had limited availability and accessibility. Most atlases 
resided in federal depository libraries, and although available, the 
general public would need to plan a special trip in order to use an 
atlas. Finally, updating such urban atlases is energy-, time-, and 
money-consuming and the urban atlas series was not repeated for 
the 1980, 1990, or 2000 census.

However, there is still a need for atlases of census information, 
and printed atlases are still being produced such as the recent Mapping 
Census 2000: The Geography of U.S. Diversity (Brewer and Suchan 
2001). Such printed atlases still are limited in terms making available 
to the public the full range of information collected and processed 
by the Bureau of the Census. Today though, the Web enables an 
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online version of the Urban Atlas concept to be available to a global 
community that can access the full release of census characteristics 
and geographies. This paper discusses the design and implementation 
of such an urban atlas for the state of Connecticut.

Web-based Map Dissemination
The development of the Internet and the Web in the 1990s 
presented a new media for information dissemination allowing 
different methods for communicating map information. In the 
general model of cartographic communication, static maps are 
being replaced by interactive ones that allow the map user more 
control over how and what information is depicted (Peterson 
1995) as well as multimedia presentations of that information (see 
Cartwright, Peterson, and Gartner 1999). All forms of mapping 
products are being redefined. For example, Slocum (1999) has 
defined an electronic atlas as “a collection of maps (and database) 
that is available in a digital environment. The more sophisticated 
electronic atlases enable users to take advantage of the digital 
environment through a variety of means, such as Internet access, 
data exploration, map animation, and multimedia. Electronic 
atlases may also permit users to create their own maps and analyze 
spatial data.” (Slocum 1999, 233.)

Publishing these atlases and maps on the Web can take many 
forms. Kraak (2000) classifies maps published on the Web as being 
either static or dynamic. Static maps are bitmap images that are 
primarily used for display but that also can be used as a spatial 
index interface to other information (Kraak 2000). Dynamic maps 
are animations of spatial processes that also can be used in a view 
only environment or in an interactive one. Static maps typically 
are viewed by a Web browser using HTML <img> tags, and can 
be used as a spatial index using the coordinates of polygons to 
define a “clickable region” (Kobben 2000). 
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By using the Common Gateway Interface (CGI) and inte-
grating HTML code with scripting languages, server software 
can be developed to allow information transfer from the user to a 
server application. In this manner, users can query server databases 
and retrieve information “on-demand” either in the form of map 
or data table. This is the approach taken in the construction of the 
Online Connecticut Urban Atlas (OCUA), whose system design 
and database design are described in the next two sections.

System Design
The OCUA is designed as a server-side application, which means 
that most services are on the server side; users at the client side 
access data and mapping services provided by the OCUA via the 
Internet using a Web browser. This server-side-application archi-
tecture has some advantages over a typical client-side-application 
architecture. First, the OCUA system processes data locally and 
sends results to the client side, while a client side application 
downloads data from a data server and processes the data locally 
at the client side. However, processing user’s mapping requests 
may involve a large set of spatial and/or attribute data, and trans-
ferring the large set of data over the Internet could be very slow, 
especially for those who use dial-up connections. The OCUA 
system does not transfer raw data from the server side to the cli-
ent side. Instead, it sends a minimum amount of information to 
the client side, receives a user’s requests, and then sends back to 
the client side the requested maps, which are in a compact image 
format such as GIF. Second, because most service procedures are 
on the server side, no software or plug-in installation is needed 
on the client side. The minimum requirement for the client-side 
system is access to the Internet. This makes it possible for those 
who are using public computers, such as college students, to 
make use of the system. The requirement of installing software 
or plug-in could prevent users without administrator privileges 
to use such software or plug-ins. Also, updating the system or its 
components is relatively simple, because it does not involve the 
client side. Finally, user’s interaction is achieved by using forms 
and client-side scripts in dynamic HTML pages. The server-
side-application architecture was once considered less capable 
of interacting with users for a long time. However, with the 
development and adoption of new Internet techniques, especially 
the Dynamic HTML technique, which includes the Document 
Object Model (DOM) and scripting languages such as ECMA 
Script and VB Script along with some existing techniques such 
as HTML forms, user interaction can be achieved by embedding 
these techniques into HTML pages.

The system architecture of the OCUA makes the client side 
as simple as a Web browser, while the server side holds most of 
the function modules. The server side is further divided into 
three layers, including the CGI layer, the service layer, and the 
DBMS layer.

CGI Layer
On the server side, the requests from a user are directly handled 
by the Web server and then forwarded to corresponding scripts 

on the CGI layer. CGI scripts interpret the user’s requests and 
call some specific service modules, which are on the service layer, 
to perform data processing and to generate maps, and organize 
results by generating HTML pages on the fly. Most CGI scripts 
are written in Perl (http://www.perl.com/), which is an open 
source programming language with useful third-party modules 
freely available, and is very suitable for text processing and Web 
development (Christiansen and Torkington 2002). Because 
Perl is an interpreting language and runs on a large number of 
platforms, including most UNIX variants and other systems like 
VMS, DOS, OS/2, and Windows, scripts written in Perl are 
platform-independent and highly portable.

Service Layer
In the CGI layer, scripts interpret the user’s requests for data and 
mapping and call services on the service layer. Some simple ser-
vices such as data catalog queries are tied with CGI scripts on the 
CGI layer. For example, there is a list of census data sets available 
on the server, and after the user selects the data set of interest, 
the list of all census tables in the selected data set are dynamically 
generated by CGI scripts. At the same time, most complex and 
efficiency-demanding tasks, especially data compilation and map 
generation, are handled by some specific, stand-alone procedures 
on the service layer.

Service procedures, unlike CGI scripts, are developed using 
C/C++, instead of Perl. Perl is good for high-level application 
development, especially light-weighted CGI scripts. However, it is 
not as good as C/C++ for processing large amounts of binary data. 
Furthermore, Perl scripts are less efficient than programs written 
in C/C++. GNU’s Compiler Collection (GCC, http://gcc.gnu.
org/) is used for compiling C/C++ source code. Due to GCC’s 
multiple platform support, including support for most operating 
systems such as UNIX and its variants, DOS/Windows, etc., the 
migration of programs developed in C/C++ between different 
operating systems often means only re-compilation and some 
minor modification of the original source codes.

Some open source software from third parties is used in the 
service layer as middleware. Among them the most important one 
is ImageMagick (http://www.imagemagick.org/), which serves 
in the server layer as a graphic server and provides map-drawing 
functionalities.

DBMS Layer
The data, as well as the CGI scripts and the service modules, 
are the most important components of the Online Connecticut 
Urban Atlas. All census data for the year of 1990 and 2000 and 
the geographic data for the state of Connecticut are stored in 
one central database. This database design, which is discussed in 
detail next, provides the convenience of data management and 
compilation and takes full use of the power of modern Database 
Management Systems (DBMS).

MySQL is selected for the implementation of the OCUA. 
MySQL is an open source and free software package (http://www.
mysql.com/). It has the ANSI SQL syntax support and also the 
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cross-platform support. A complete set of online documentation 
is readily available to program developers. Besides data manage-
ment, the DBMS also provides to the service layer data access 
interfaces, through which the upper level service procedures access 
the census data and the geographic data.

Database Design
The database design involves the census data, the geographic data, 
and the coding tables, which link the geographic data and the 
census data together.

Census Data
As previously mentioned, all of the census data, as well as the 
geographic data, are stored in one central database. Each set of 
census data for a particular census year, such as 1990 Summary 
Tape File 1, 2000 Summary File 1, 2000 Summary File 3, etc, is 
organized as a conceptual sub-database. Individual census tables 
in each sub-database are combined as several larger tables, which 
are subsets of the census data set. For example, all census tables 
of 2000 Summary File 1 are stored in eight large tables, and 
most large tables have more than 1,200 data fields (Table 1). By 
combining smaller individual census tables into larger ones, the 
total number of tables is dramatically reduced and the efficiency 
of data queries is normally improved, for less JOIN operations 
are necessary when user queries involve data from different census 
tables. The combined census tables, the individual census tables, 
and the individual data fields are registered in several indexing 
tables.

Geographic Data
The coordinate values for state boundaries, MSA boundaries, 
and county subdivision (or town) boundaries were derived from 
a 1:24000 database of town boundaries in the Connecticut State 
Plane Coordinate System NAD-83 (Connecticut Department of 
Environmental Protection 1996). The boundaries were simpli-
fied so that each census unit is represented by a simple polygon. 
The coordinate values for census tracts and block groups were 
downloaded from the census Website, www.census.gov.

The boundary files for MSAs, county subdivisions, census 
tracts, and block groups, are also stored in MySQL tables. Each 
boundary file is organized as one table. Because the geographic 
boundaries are stored in a relational format, a fixed-length car-

tographic data structure is used. As choropleth mapping is the 
only current operation of the system, a non-topological, entity-
by-entity data structure is sufficient. Each polygon representing 
a census unit is stored in its boundary table as a series of ordered 
records. Each record includes an x,y coordinate and its polygon 
or Geographic ID. This follows the data structure used by the 
SAS/GRAPH mapping system (SAS Institute 1988). This or-
ganization of the boundary files is also similar to the OpenGIS 
simple features specification for SQL. In this standard, up to five 
x,y coordinate pairs can be stored per record and more complex 
geometric features than simple polygons can be represented (Open 
GIS Consortium, Inc. 1999). The simpler structure is used here 
to improve processing time.

The Geographic ID is used in conjunction with coding tables 
to enable the dynamic definition of study areas.

Coding Tables
The coding tables are used to link the census data and the cor-
responding geographic data, as well as the geographic units at a 
higher level. The links are implemented through foreign keys. The 
census data are linked through a Logical Record ID, which is the 
common primary key of all combined census tables for a given 
set of census data, such as 2000 Summary File 1. The higher level 
geographic units are linked by referring to their Geographic ID, 
which are the primary keys of geographic tables. For example, 
census tracts are linked to MSAs and towns through MSA ID and 
town ID, respectively. This allows the user to select a study area 
for higher level geographic units. For example, selecting census 
tracts of certain counties or towns within a certain study area 
definition only requires an SQL SELECT statement. All census 
tracts within the towns of Hartford and East Hartford can be 
selected using the following SQL statement:

      SELECT * FROM TRACT_CODE WHERE TOWN_ID 
IN (‘09043’, ‘09064’)

in which TRACT_CODE is the lookup table for the 1990 cen-
sus tracts, TOWN_ID is the Geographic ID for the towns, and 
“09043” and “09064” are the IDs for the towns of East Hartford 
and Hartford, respectively.
The geographic look-up table for the towns includes fields for the 
town name, a town identification code, the identification code 

Table 1. Segmentation of Census 2000 Summary File 1
Table Name Census File 

Segmentation
Starting Table 
Name

Ending Table Name Number of Data 
Fields

SF1_2000_A 01-06 P1 P16I 1331
SF1_2000_B 07-11 P17A P35I 1134
SF1_2000_C 12-18 PCT1 PCT12C 1312
SF1_2000_D 19-24 PCT12D PCT12I 1254
SF1_2000_E 25-30 PCT12J PCT12O 1254
SF1_2000_F 31-36 PCT13A PCT17I 1230
SF1_2000_H 37-39 H1 H16I 595
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for the county in which the town is located, and the identifica-
tion code for the state in which the town resides. The geographic 
look-up table for counties includes fields for the county name, 
the county identification code, and the identification code for the 
state in which the county resides. Although the state identification 
field in both tables includes only one value for Connecticut, this 
field is important in order to select objects at the state level. The 
presence of this field also permits the system to be scalable to a 
larger region, such as New England, at a future date.

Application Design
The application design organizes how information is collected 
from a user as he or she decides what map to produce (Figure 1). 
It involves taking the user through the steps of defining the overall 
study area and the geographic units of inquiry, and retrieving 
the potential census characteristics for display. The user can then 
define the specific statistic to be mapped and the classification 
scheme for presenting its spatial distribution. Finally, the user has 
some control over the elements of the final map layout.

Study Area and Units of Analysis
For now the user can select one or more MSAs or PMSAs in the 
state of Connecticut. The list of all MSAs or PMSAs in Con-
necticut is dynamically generated from the MSA/PMSA look-up 
table on the server. This makes the scripts adaptive to future data 
updates. When newly updated MSA/PMSA data are available, 
only the look-up tables for the new MSAs/PMSAs, but no script 
modifications, are necessary.

Once the user submits his or her MSA/PMSA selection, a 
list of towns within the selected MSA/PMSA is displayed on the 
next page. These towns are ordered either by town names only or 
by MSA/PMSA names and then town names, depending on the 

user’s choice. These towns are all selected by default. However, the 
user can narrow down the study area to several towns by select-
ing only those towns of interest, thus increasing the flexibility of 
defining a study area.

After defining a study area, the user selects the geographic 
units of analysis. Three options, including the towns, the census 
tracts, and the census block groups, are available, while the Census 
Bureau’s Urban Atlases have maps of several statistics only at the 
census tract level. The information about the user-defined study 
area and the selected units of analysis is passed on to the next 
step, data selection.

Data Selection
A list of all available census data subsets is generated, according to 
the previously defined study area and geographic units of analysis. 
The user can select one set of census data and then all census tables 
in that data set are listed on the next page. The census tables are 
the minimum data selection units and the user cannot further 
select individual data fields within a census table. Otherwise, the 
list of individual data fields could be too lengthy. One or more 
census tables can be selected at one time.

Value Definition
Based on the selected data, the user then can define the value to 
be mapped. In order to simplify the process of value definition, 
value expressions are grouped into the following four categories: 
single field, field as percentage of its universe, ratio of two fields, 
and a generic algebraic expression. 

The first category is the simplest format for value expressions. 
Some census statistics, such as mean and median values, are ready 
to be mapped without further calculations. These statistics fall 
into the first category and the value can be directly mapped by 

Figure 1. Flowchart of the application design
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choosing a single field from the list of all selected fields. How-
ever, most of the census statistics are total values, such as race, 
sex by age, household type by household size, etc. In choropleth 
mapping, it is common to calculate these totals as a percentage 
of some larger universes before mapping. This instance falls into 
the second category. The system will automatically search the 
metadata for the universe of the selected field and then calculate 
associated percent values.

Ratios, such as the ratio of males to females, fall under the 
third category and can be modeled by selecting one field (male) 
as the numerator and another (female) as the denominator. The 
system has a tool that can test any field to determine if that field 
is suitable to be designated as a denominator.

These three categories are special cases of a generic algebraic 
expression. Each of the three situations could be modeled by 
specifying them as an algebraic expression. For example, the sex 
ratio in the year of 2000 can be calculated using the expression 
(P012002/P012026), where P012002 is the total population of 
males and P0120026 is that of females. Some mathematical func-
tions, such as power(), exp(), log(), etc., can be used to construct 
complex expression.

Classification and Legends
The selection of appropriate classification methods and legends 
are of key importance for demonstrating the output of the user-
defined models. As noted earlier, the maps presented in the 
original urban atlases were only one portrayal of the data. As in 
most desktop mapping packages, the Online Connecticut Urban 
Atlas system has support for a variety of classification algorithms 
and legend options.

The OCUA Website currently supports four classification 
methods, including equal intervals, natural breaks, quantile, 
and standard deviation, that offer capabilities for the user to 
experiment before choosing a final thematic map. The first three 
classification methods require preferred number of classes as 
parameter, while the last one requires the standard deviation 
interval. As an alternative to classification, the OCUA also allows 
the user to create a classless choropleth map (see Kennedy 1994 
for a discussion of the advantages of this approach).

The user can select a sequence of colors for the classes to be 
identified. For choropleth map without classification, the colors 
will apply to the legends of sampled value sequence. Three kinds 
of color schemes are available, including monochromatic colors, 
dichromatic colors, and continuous colors. Monochromatic 
color sequence is generated using one single color (red, green, 
blue, etc.) with variant brightness. Dichromatic color sequence 
is generated using two colors, one with brightness varying from 
dark to bright and the other with brightness varying from bright 
to dark. Continuous color scheme uses two or more colors and 
is generated by linear interpolation in the RGB (red, green, and 
blue) color space. The sequence of colors also can be inversed. 
The OCUA dynamically renders a preview of the color sequence 
while the user makes his or her choice on colors.

When the selections of classification and color scheme are 

submitted, the OCUA generates a series of classes as well as their 
class labels and legends, based on the data model specified on an 
earlier step. Although the classes are automatically generated by 
the system, all information about the classes, including classifi-
cation rules, class labels, fill colors, etc., can be modified by the 
user for his (or her) own purpose. If the user manually changes 
the classification intervals, though, some mapping values may 
fall into none of the classes. These values will be displayed with 
a white fill color by default. In this case, the user may want to 
include the “Other” class to hold these non-classified values. The 
user also can modify the color of boundaries of geographic units, 
which will be displayed with a black color by default.

Layout
The last step of creating a choropleth map is defining the layout 
of the map. This includes the creation of some other map ele-
ments, such as map title, scale, north arrow, and positions of the 
elements. The current version of the OCUA system only has 
limited support for map element definition and positioning, but 
more options will be included in a future version.

The user can select different types of media in which the map 
will be displayed. Two media types are supported now, including 
screen and printer. When the user chooses to prepare the map 
for displaying on screen, all functional or look-and-feel elements 
of the Web pages, such as the logo of the UCCGIA, hyperlinks, 
and background colors, will be rendered along with the user-de-
fined map. When printer is selected as the desired media, these 
elements will be excluded and only map elements, such as map 

Figure 2. Percentage of total population under 18 years of age in 
2000, Hartford MSA
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title, the user-defined map, and the map legends, will be rendered 
for printing on a paper page.

It is likely that one will refine the map he or she creates if 
the mapping result is of interest. One can always use the “Back” 
function of the Web browser to return to a previous page to adjust 
the parameters for map creation.

Mapping Examples
The first mapping example is a reconstruction of a statistic 
presented in the original Urban Atlas for the 1970 Hartford 
SMSA—percentage of the total population that is under 18 
years of age (Figure 2). This map is produced by selecting the 
entire Hartford MSA as the study area with the census tract as 
the resolution unit. The mapped value is prepared by the alge-
braic expression (P001001–P005001)/P001001*100.00 (total 
population minus population aged 18 and over divided by total 
population).

The next example is a map of median household income in 
1989 for the Bridgeport PMSA mapped at the town level. In this 
example, data from the 1990 decennial census is displayed and 
the mapped value is a single field, P080A001 (median household 

income), taken directly from the census.
The final example is the same data value displayed for the 

inner city of Bridgeport mapped at the block group level. Five 
classes are chosen for this map because of the greater number of the 
observation units. By contrasting Figures 3 and 4, it can be seen 
that the median income within Bridgeport has as much spatial 
variation as the median income within the entire PMSA.

Conclusion
Compared to the U.S. Bureau of the Census Urban Atlases, the 
Online Connecticut Urban Atlas is much more flexible in different 
ways. The study area and geographic units can be easily defined. 
Not only the whole MSA/PMSA, but also partial sections of 
the MSA/PMSA, such as one or more towns, can be designated 
as the study area. The theme of a user-defined map can be any 
statistical variable of census data or a value derived from one or 
more census fields. The user also has the options for how the 
theme is presented by applying different classification methods 
and different fill colors.

The OCUA integrates census data and the geographic data 
with mapping functionalities. This design nearly eliminates the 

Figure 3. Median household income in 1989, Bridgeport PMSA Figure 4. Median household income in 1989, Bridgeport.
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cost of data collection, conversion, and compilation, because the 
data are already there ready for analysis. Both professionals inter-
ested in urban analysis and the general public could benefit from 
the system. If an urban planner wanted to examine some social 
factors within an urban area, the OCUA can be used to conduct 
a pilot study without the planner having to collect any census 
statistics or geographic outlines. For the general public, creating 
maps of their own interest is relatively simple and requires no 
training. The main necessary background is some understanding 
of data classification systems for mapping and the user always can 
accept the default mapping parameters if in doubt. The simple, 
easy to use capability presented by the system is a necessary early 
step in the education of society to the benefits of the routine use 
of mapping. In addition, the general public has direct access to 
census data regarding their locality without the need to travel to 
a census repository.

The Online Connecticut Urban Atlas, which is available at 
the Website of the University of Connecticut Center for Geo-
graphic Information and Analysis (http://www.uconncgia.uconn.
edu/ocua.html), is more accessible than the Bureau of Census’ 
Urban Atlases, due to the accessibility of the Internet. The OCUA 
is easy to update, not only the system itself, but also the data on 
the server. Because updates of the system have nothing to do with 
the client side, the process of updating is fairly transparent to the 
users of the system, except for noticing an increased functionality 
or data availability.

Although the OCUA has been initially developed for the 
state of Connecticut, the issues of portability are fully addressed 
in the stage of system design. Its capabilities can be easily packed 
and made available to other states, which share the same database 
structure if the Census statistics are the major source of mapping 
data. With some minor modifications to the database design, the 
system also can meet the mapping needs of agencies with data 
from other sources.

Forward Thinking
In a world of new cartographic possibilities, more possibilities 
exist for information stored in the spatial databases underly-
ing atlases and interactive maps than the visual world of maps 
and exploratory data analysis. Statistical packages, spreadsheet 
programs, and database management systems, as well as word-
processing systems make the new world multi-analytical as well 
as multimedia. Map users may be geographic data users who need 
maps for answers to certain questions and statistical analyses for 
answers to others. The growth in geographic information system 
(GIS) use also means that many geographic data users would have 
to have available software to view cartographic databases if these 
databases were available to them. In DiBiase’s (1990) model of 
private visual thinking versus public visual communication, it is 
the spatial database that provides the scientist or cartographer 
with the most flexibility in the private world of exploration and 
analysis. Without direct access to the database, the user is always 
restricted to the viewing and analytical capabilities of the Internet 
software. Future data services will include data downloading so 

that the researcher is unrestricted by the current functionality of 
the system.

For the public without access to specialized analytical soft-
ware packages, some analytical services, including basic descriptive 
statistics and spatial measurement, that are useful to municipal 
officials and urban planners will be added. Other databases besides 
the decennial census of population and housing also will be added. 
The goal eventually is to transform the Online Connecticut Urban 
Atlas into an Online Urban Information and Analysis Server for 
Connecticut.

About the Authors

Yanlin Ye is a PhD candidate in the Department of Geography, 
at the University of Connecticut.

Robert Cromley is the Director of the Center for Geographic 
Information and Analysis and a professor in the Department 
of Geography, at the University of Connecticut.

References

Boutell, T. 1996. CGI programming in C & Perl. Reading, MA: 
Addison-Wesley.

Brewer, C., and T. Suchan. 2001. Mapping Census 2000: The 
geography of U.S. diversity. Redlands, California: ESRI 
Press.

Cartwright, W., M.P. Peterson, and G. Gartner, eds. 1999. Mul-
timedia cartography. New York: Springer-Verlag.

Christiansen, T., and N. Torkington. 2002. General questions 
about Perl, http://www.perldoc.com/perl5.8.0/pod/perlfaq1.
html.

Clarke, K. 1995. Analytical and computer cartography. 2d ed. 
Englewood Cliffs, N.J.: Prentice Hall.

Connecticut Department of Environmental Protection. 1996. 
1996 town boundaries. [Online]. Map and Geographic 
Information Center. Available at http://magic.lib.uconn.
edu [October 1, 2000]. 

DiBiase, D. 1990. Visualization in earth sciences. Earth & Min-
eral Sciences, Bulletin of the College of Earth and Mineral 
Sciences 59(2): 13-18.

Kennedy, S. 1994. Unclassed choropleth maps revisited/Some 
guidelines for the construction of unclassed and classed 
choropleth maps. Cartographica 31(1): 16-25.

Kobben, B. 2000. Publishing maps on the Web. Chapter 6 in 
Kraak, M-J., and A. Brown, eds., Web cartography. London: 
Taylor & Francis.

Kraak, M-J. 2000. Settings and needs for Web cartography. Chap-
ter 1 in Kraak, M-J., and A. Brown, eds., Web cartography. 
London: Taylor & Francis.

Marble, D. 1987. The computer and cartography. The American 
Cartographer 14(2): 101-103.



38 URISA Journal • Vol. 16, No. 1 • 2004

Open GIS Consortium Inc. 1999. OpenGIS simple features 
specification for SQL, Revision 1.1. OpenGIS Project 
Document 99-049.

Peterson, M. 1995. Interactive and animated cartography. Engle-
wood Cliffs, N.J.: Prentice Hall. 

SAS Institute Inc. 1988. SAS/GRAPH user’s guide, Release 6.03 
Ed. Cary, N.C.: SAS Institute.

Slocum, T. 1999. Thematic cartography and visualization. Upper 
Saddle River, N.J.: Prentice Hall.

U.S. Bureau of the Census and Manpower Administration. 1974. 
Urban Atlas, Tract data for standard metropolitan statisti-
cal areas: Hartford, Connecticut. Washington, D.C.: U.S. 
Government Printing Office.



URISA Journal • Pun-Cheng, Lee 39

An Addressing Model for Three-Dimensional City 
Properties in Hong Kong

Lilian S.C. Pun-Cheng and Y.C. Lee

Abstract: A good address system has always been important for the systematic recording of personal or company information and 
for the effective delivery of products. In a society that demands rapid exchanges of information, an address serves also as a key to 
associate various governmental records, to link data of varying levels of summary, and to assist in strategic planning. In a city 
with complex building structures and street networks such as Hong Kong, a number of problems are encountered with addresses. 
These include the existing diverse address systems retained in a number of governmental units; the bilingual nature of the ad-
dress system caused by a legacy of Hong Kong’s past as a British colony populated largely by the Chinese; the three-dimensional 
variation of defining spatial units; and the lack of a clear postal code system all have led to difficulties in establishing a unified 
address system for the exchange of information. In this paper, the authors will try to examine all of these complexities in terms of 
the historical development of the address system and the physical setting of the city, followed by a proposal for a compartmental-
ized addressing model to cater to all existing variations. The model is to be implemented in a relational database with semantic 
data structures to facilitate multi-criteria searching and analysis.

Introduction
In the era of information technology, public administration has 
been reformed from being a single system to being an integra-
tion of multiple systems. In other words, the traditional paper 
file system stored within an administrative unit has had to be 
replaced by a more comprehensive digital system integrating 
information from external units. In the past, the matching of 
individual records across different administrative units had to be 
done manually. Inconsistencies in land information arising from 
varying definitions, formats, languages, descriptions, and so on 
had be resolved by individuals with experience. The advent of geo-
information technology has led to calls for interoperability and 
the sharing of data to achieve a more effective overall government 
administration. A carefully designed system with the intelligence 
to resolve conflicts between numerous sub-systems has become 
necessary. In this regard, a system for matching addresses is our 
prime concern. Such a system is fundamental to the integration 
of all sorts of information on land. An address is the first essential 
description of any piece of land for whatever use: residential, 
commercial, industrial, recreational, or institutional. It is also a 
more permanent and legally accepted description as compared 
to other attributes such as use and ownership. In many aspects 
of public administration, an address is the only way to match 
various data sources. 

As early as the 1970s, the DIME (Dual Independent Map 
Encoding) system was developed for the U.S. 1980 Census. It 
defined street and block relationships using a topological net-
work of street segments, intersections and enclosing blocks (U.S. 
Bureau of the Census 1990). The system was later incorporated 
and refined in the Census Bureau’s TIGER (Topologically Inte-
grated Geographic Encoding and Referencing)/Line® File for the 
1990 Census, with the aim of reassigning the addresses to the 

correct geographic block location. The TIGER/Line File has the 
important ability to assign geographic classification codes to the 
addresses of individual structures and to the names of buildings, 
and to catalog census-recognized geographic entities and their 
characteristics using a single relational database. Inconsistencies 
and errors that result when independently developed data files 
are used could thereby be prevented (Sobel 1990). Yet the two 
systems place too much emphasis on the rigid topological net-
work of an address system that is merely two-dimensional. The 
heavy dependence of street networks to devise an address may 
result in ambiguity when a property sits at the corner of a block 
or at the intersection of two or more street segments. Properties 
located within a complex structure involving a third dimension 
of address description are not handled. Moreover, the coding 
of street segments and blocks is a unique but unfamiliar way 
of describing an address if implemented across address files of 
different sources. Recent developments have been geared toward 
properly defining the various road entities in designing a good 
logical database model. Examples include the model of hierarchi-
cal wayfinding for road networks (Car 1997) and the redefinition 
of terms such as spot, lane, pavement cross-section, segment, road, 
route, corridor, and region (Walls 2002). These are steps toward 
the formalizing of feature descriptions into a uniform standard. 
In consolidating the diverse address formats, Clayton and Bates 
(2002) devised an address-matching program that parses and 
cleanses a set of addresses, returning a set of validated addresses 
with an x,y coordinate.

Recent studies on address matching have mostly concentrated 
on linking the property onto a two-dimensional mapping system, 
thus making the implicit assumption that the relationship between 
built-up structures and property is one to one. There have been no 
discussions on more complex issues as property-property relation-
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ships, structure-structure relationships, and structure-property 
relationships. A complete addressing system should take all of 
these issues thoroughly into consideration, especially the issue of 
unnamed properties or structures within a structurally complex 
three-dimensional city. It is important to uniquely identify each 
property so that cross-departmental data searching based on an 
address is made feasible and convenient. For example, the Inland 
Revenue Department holds records of all properties owned by 
an individual for assessing the rental tax, whereas the Rating and 
Valuation Department needs these market values to assess the 
rental value of an individual property. The Census and Statistics 
Department keeps a very detailed breakdown of residential units 
down to the household for demographic surveys, whereas the 
Planning Department is more interested in the aggregation of 
these units for land-use planning. The property units for utility 
companies such as gas, telephone, and electricity, may share a 
similar definition, but this definition will be different from those 
used by the Buildings Authority, Lands Department, or Housing 
Authority. These are just a few of the many examples showing the 
need to share data based on a “commonly understood” addressing 
system. By this, we imply that the original address description 
may vary from one administrative unit to another, even though 
they all refer to the same property or piece of land. We should 
also point out that due to the high density of settlement in urban 
Hong Kong, a high “resolution” addressing system involving 
several attributes had been developed to pinpoint a unit. Such a 
scheme encourages the creation of many variations of the same 
address, making address matching more complicated. Before 
discussing how we can achieve what is “commonly understood,” 
let us first make a thorough study of the possible problems aris-
ing from the present addressing system. We will then present a 
scheme to structure land/property more systematically so that 
address descriptions can be made more semantic. It is noted that 
apart from textual address records, indexing through a map is 
also useful and is a better way of enhancing decision supports 
on spatial analysis.

Address Problems in Hong Kong—At 
a Glance
The major addressing issue discussed here is consistency. Figure 1 
illustrates a case of different mailing address formats of the same 
property from various public/government organizations. In nor-
mal cases in the hierarchy of spatial units, an address is composed 
of a secondary planning unit zone (such as the New Territories, 
Kowloon, Hong Kong Island), a district (such as Shatin, Mon-
gkok, Central), a building name, a street name and number, a 
floor or storey number, and, finally, a flat or apartment number 
or code. In most cases, a selection of essential items from the list 
is sufficient to match the concerned property with the various ad-
dress formats, such as those shown in Figure 1. However, “what is 
essential” poses the biggest problem. Clearly, in this example, both 
the water and power bills record the most detailed descriptions 
of address. This includes the street name and number (9-11 Sha 
Tin Wai Road), the site development name (Greenfield Court), 
the building name/code (Tower or Block 2), and the storey(s) and 
flat belonging to the same property (20/F-21/F, Flat C or Duplex 
C, 20/F). Even this is not fully compatible when matching is per-
formed, because of the different naming system used or the vague 
definition of “duplex.” Other items containing less detail also can 
be mailed to the same property, such as the omission of the 21/F 
in the gas bill. Nevertheless, automated matching between the 
rates/rent bill and the Treasury will create problems, because the 
former omits the name of the site development, while the latter 
leaves out the name of the street. The building code “Tower 2” 
and other descriptions are certainly not unique enough to link 
the two records.

The above example points to just a few problems in address 
matching. In fact, the difficulties of the Hong Kong addressing 
system are attributed to two major aspects: structural complexities 
and inconsistent descriptions. Structurally, on the condition that 
every land feature shall be given an address, what constitutes a 
unique feature or structure can be very difficult to say. In a struc-
turally three-dimensional city, the feature can just be a park or 
open space on the topographic surface that may not involve any 
built-up structure. At the other extreme, it can be an extensively 
built-up structure extending vertically from below the topographic 
surface to non-uniform multiple storeys above the surface, and 
horizontally to adjoin neighboring structures. Address match-
ing will be difficult if a feature is defined differently between 
administrative parties. For instance, a household means a whole 
flat with one unique flat number or code according to records 
on buildings, ratings, or water supplies; whereas a household 
might be further subdivided into rooms or just a bed inside a 
flat or even indicate a street sleeper according to census criteria. 
Similarly, a building is a legal built-up structure such as those 
declared to be a building by the Building Authority in a notice 
in the Gazette; whereas illegal structures such as on rooftops and 
balconies are also included in the charging of government rates 
and rents. Car parks, club houses, and the like belonging to but 
physically detached from the same residential unit may or may 

Figure 1. An example of address descriptions in different billing 
systems
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not be included in one addressing system. Consequently, address 
matching of these features between one party and another may 
cause problems.

In another aspect, a most important description of the feature 
is its address. Here, a great deal of inconsistency can be found. 
Hong Kong does not possess a postal code system. The minimum 
partition size of the territory that is generally understood is the 
district or site development, such as Central or Queen Mary 
Hospital. A district is given a unique name, and all districts ex-
haustively cover the whole territory without any gaps and overlaps. 
The district boundary is a common but not compulsory element 
in addresses, and is used for many purposes, such as delineating 
voting regions and planning school place allocations. A site is a 
certain type of land use permitted for development by the govern-
ment or private developers. This can be for recreational purposes 
like Ocean Park, industrial purposes like the Tai Po Industrial 
Estate, institutional purposes like a hospital, or residential pur-
poses like Whampoa Garden. The site name is usually unique 
enough as to not require the district name in an address, but 
it is noted that a site may occur inside or across more than one 
district. Nevertheless the gazetted address can be without both 
district and site names. Before the developer proposes a site name, 
the Lands Department may have already identified an area with a 
unique lot number, despite its unpopularity with the public. The 
Rating and Valuation Department can also assign a street number 
to uniquely address its interested property. Like a site, the street 
may be so long that it crosses several districts and sites, making 
it difficult to construct a one-to-one relationship between these 
three elements. In terms of a building or structure, a small lot or 
land parcel, addressing is possible in the following ways: a) a lot 
number; b) a street name and number; and c) a district name, a 
site name, and a building name. Hence, under Section 2 of the 
Building Ordinance, it is also stated that there is no unique or 
simple rule in defining what a building is. A street name, street 
number, and/or lot number may be used as the address of a new 
building project. Some peculiar cases have given rise to greater 
complexity. For example, in recent years, there have been build-
ings with two different names, one for all single lower floors and 
another for the duplex apartments on the upper/top floors. Both 
the same or different names may be kept depending on the original 
records of the administrative unit.

The above discussion has only pointed out the varying ad-
dress formats in the horizontal facet. Vertically, there is also no 
uniform address system for the whole territory. Disregarding 
what is generally understood as the first floor, second floor, third 
floor, and so on, the storeys or floors below the topographic 
surface can be called various names, such as upper basement, 
lower basement, upper ground, and lower ground. The different 
names would present no problem if meanings were consistent, 
such as upper basement always indicating the first floor below 
the surface. However, there is no common agreement on the 
semantics behind these names, as shown in Figure 2. A building 
constructed on a slope surface may adopt the same convention 
as a building on flat land. Similar inconsistencies also apply to 

top floors. A more peculiar case is that some buildings omit the 
13/F or 14/F because of certain beliefs about unlucky numbers. 
A more problematic issue is the bilingual address descriptions in 
Hong Kong. In some buildings, both the Chinese and English 
versions of 1/F, 2/F, etc., correspond to each other. In others, 
they are one floor away; for example, the Chinese version of 
G/F means the English version of 1/F, 1/F means 2/F, and so on. 
With these inconsistent descriptions, if a party wants to make 
certain comparisons or analyses based on the vertical facet, such 
as determining the average value of all apartments on the first 
five floors of a building, a great deal of human interpretation and 
editing are deemed necessary.

The previous paragraphs have exemplified some of the prob-
lems in our current addressing system. A more unified approach 
shall be adopted to facilitate information exchange through 
indexing an address. The model proposed in the coming sections 
will first address how structural complexities of land features 
can be more systematically defined, followed by a discussion of 
supplying an appropriate description to each component. It is 
hoped that most of the previously discussed problems that arise 
from or result in inconsistencies among various official address 
records can be avoided.

The Proposed Compartmentalized 
Model
The proposed model deals with the complexity of the Hong 
Kong addressing system and supplies a standard set of concepts 
and terminologies to identify a settlement unit in an urban en-
vironment. Concepts such as the secondary planning unit zone 
and district, which are often used in addresses, already have been 
standardized, and there is no need to address them in this paper. 
The purpose of this proposal is not to standardize the format of 
an address, but rather to supply the terms that can be used for 
sharing addresses among the various organizations. These terms 
can be mixed in various ways in an address, and we believe that 

Figure 2. An illustration of the varying floor labels
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they are sufficient to provide a unique address if they are mixed 
in the proper way.

The main features of the proposed model are the different 
units of settlement (the compartments) that form a hierarchy 
to describe settlements or building structures of various degrees 
of complexity. An address system often reflects the architectural 
characteristics of a building in which the unit is located. Although 
we have developed the present model for Hong Kong, we believe 
that it can be used in other urbanized areas as well. Other than 
some possible cultural differences in architecture, the building 
structures in Hong Kong are complex enough to encompass the 
building structures of other cities. It should also be noted that the 
purpose of the proposed model is not to re-create the structure in 
which an address is located. Instead, it is to be used to describe 
the location of a settlement unit within a complex structure. 

Hierarchy of Compartments
To start with, the five compartments are identified as: “property 
unit,” “building block,” “building,” “development,” and “site.” 
The discussion that follows focuses on the standardization of the 
hierarchy between these compartments rather than on devising a 
formal and unambiguous definition for each compartment. We 
believe that users, in general, have an intuitive understanding 
of these compartments. Besides, the hierarchy so suggested has 
incorporated both the horizontal and vertical dimensions of all 
buildings or construction facets.

Property unit. A property unit (or, simply, unit) is a basic entity 
in the address database. It is a self-contained space or structure 
designed for a single commercial, industrial, institutional, or 
residential occupancy. Units are physically separated from each 
other. Examples of a unit include a room occupied by a single 
family, an apartment/flat, a house, a shop, an office, a school, a 
hospital, a clinic in a shopping mall, a department store, a garage, 
an open parking lot, or a deserted lot. It is noted that some units 
may have changed over time, meaning that the current partition 
of a property for renting to different households or businesses 
may have changed over time. This additional complexity of 
temporal inconsistency in addresses will not be discussed here, 
and it is assumed that all parties are interested in the most up-
to-date data.

Building block. A building block (or, simply, block) is a range 
of contiguous floors, sharing very similar footprints and address-
ing systems. In most cases, a high-rise tower is equivalent to a 
block. This model allows the flexibility of subdividing a tower 
into multiple blocks so that they can be individually named, such 
as different names for the lower floors and upper floors. Most of 
the block footprints have been captured as a “building” in the 
large-scale 1:1000 topographic plans drawn up by the Survey 
and Mapping Office.

Building. A building is composed of one or several connected build-
ing blocks sharing a common outside wall (Figure 3). The different 

blocks may have dissimilar functional uses such as shopping malls 
or car parks for the lower floors, and residential units above the 
podium level. It is common for the blocks in a building to share the 
same external entrance. The footprint of the building is the union 
of the footprints of its blocks. A unit is contained entirely within 
a single building but could cross blocks (e.g., the apartment and 
car park belonging to Mr. Chan could cross different blocks). In 
general, the floors in a building are numbered sequentially from 
the lowest block to the highest block.

Development and site. A development is a group of buildings 
under a single management developed at about the same time 
(Figure 4). Buildings within a development are therefore relatively 
uniform in structure. A site is any contiguous area of interest as a 
single entity. It is as large as or larger than a development. Their 
delineation is like that of Tai Koo Shing (a site), which contains 
Tai Koo Shing Phases I, II, and III (phases of development). It is 
also noted that a development or site may contain buildings and 
blocks of varying land uses, and might be traversed by streets.

Address and Location Indicators 
In the existing address system, the minimum address can simply be 
a number-street-district or a lot number-village-district. However, 
problems may arise if one address system records one street while 
another uses another street for the same feature. Compared with 
the compartment model of development, building and block 
names, street names and numbers are less preferred for the fol-
lowing three reasons:
1. They can address up to a single building block level only, 

but are not able to differentiate between different blocks in 
a building.

Figure 3. A sample building composed of blocks

Figure 4. A diagrammatic representation of a block, building, 
and development
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2. In some large developments consisting of several buildings, 
street addresses are aggregated as, for example, “1-10, ABC 
Street.” In singling out a certain building, it makes no 
difference if only the building and development names are 
used while the street name is omitted.

3. Using the site, development, building, and block names as 
addresses can better clarify their structural relationships and 
enhance address-matching semantics.

With the help of the proposed model, we then can develop a neu-
tral database for address sharing and interchange. In this neutral 
database, the proposed compartment terms will be used to identify 
an address. Although we have identified five compartments that 
could be used in an address, it is not always necessary to have a 
name for all of these compartments. When a search is performed 
on such a database, slight differences in the interpretation of an 
address could occur. For example, for a single-block building, the 
building name and the block name could become one, and the 
user might interpret a name in either way. In order to facilitate 
searches, we propose the following six rules for populating the 
address database:
1. A property unit must be associated with a piece of land 

(e.g., a site). In land cadastres, all sites are assigned a 
unique lot number. Being an address, the lot number is 
sufficient for a vacant site and for an undivided property 
in the third dimension. The usual practice is for any 
form of development on a site to be given a name by the 
private developer. If there is no more than one building 
on a site, its name will suffice to constitute a minimum 
address. That is, the building name bears the same address 

identifier as the lot number, in which case the latter 
becomes optional.

2. A building name propagates to a block name, whereas a site 
name propagates to a development name. In other words, an 
unnamed block inherits the building name and so on. This 
is because block/building and development/site concepts are 
interchangeable when they refer to the same entity, such as a 
single block building and a single development site. Sharing 
the same name would facilitate searching.

3. The existence of a block implies the existence of a building, 
which in turn implies the existence of a development and 
thus of a site.

4. The existence of a site does not imply the necessary existence 
of a development. The site can be a vacant site waiting for 
development.

5. The existence of a building implies the existence of at least 
one block.

6. The existence of a development implies the existence of at 
least one building.

Let us illustrate the concepts with the varying address descriptions 
in Figure 1. In the database with the compartments identified, the 
operators may input the addresses differently according to their 
own understanding of the records at hand (Table 2). Some may 
interpret the structure labeled “2” as a block or as a building. A 
similar inconsistency would apply to the development and site 
unless there is an address with all four items labeled. Nevertheless, 
with the propagation rules that have been discussed, these varying 
address formats can be linked together to better identify the same 
property, compared with the original textual descriptions. One 

Block Building Development Site Comment
N/A N/A N/A A A site called A without structures.
A A — Lot no. A single block building called A. 

The block and the building share the same name.
A A — Lot no. A block without a name in building A. 

The building name propagates to the block.
— — — Lot no. A building without any unique name; e.g., latrine.
A B — Lot no. Block A in building B.
A B C C Block A in building B within development C. 

The site name propagates to development.
A B C D Block A in building B within development C 

at site D.
Table 1. Some of the combinations that could make up an address and the way name propagation works. 
N/A means not applicable whereas “—” means no name. Lot no. is optional.

Source Block Building Development Site District
Water Supplies Dept. 2 Greenfield Court Shatin
CLP Power Ltd. 2 Greenfield Court Shatin
Towngas 2 Greenfield Court Shatin
Ratings & Valuation 2 Shatin
Treasury 2 Greenfield Court Shatin

Table 2. An example of how an address is recorded in the proposed compartment database.
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obvious difficulty is with the Rating and Valuation records, which 
do not include the street name and number in the compartment 
database. This may be handled by adding one more column for 
street name and numbers, but for most cases the method is not 
recommended. This is because: a) this will add additional com-
plexity to the database, and b) street names and numbers may 
not be unique among different address sources.

To identify the location of a property unit within a block, the 
number-flat-floor combination is sufficient. In order to enhance 
compatibility and consistency in floor labeling within the same 
block, an alias can be inserted. For example, in some cases, 1/F 
equals to G/F, podium level equals to upper ground level. A com-
mon table listing the standardized floor labels and other different 
options is required. There should be rules governing the continua-
tion of floor numbers across different blocks of the same building 
or separate floor labeling for discrete but contiguous blocks.

The minimum address and/or other address qualifiers make 
up the textual form of the address, which are good enough for 
postal purposes. However, for spatial display and analysis, it is 
desirable to have a more concise and unique geo-referencing code 
for the compartments. We propose the use of footprint centroids 
for such applications. In this way, a centroid can be associated 
with each unit and for each compartment. If two vertically aligned 
compartments share the same centroid, one of them could be 
slightly shifted against the other to avoid collision. Such a centroid 
also could serve as a unique geo-referencing code across organiza-
tions. It is worth noting that such a mapping index in the address 
database is extremely useful in a multiplicity of pattern analysis, 
compared to a mere individual unit or property search in the 
textual address database.

Conclusion
Based on the Hong Kong setting, an addressing model empha-
sizing land feature compartments is proposed. Yet, the same 
principle might be applied universally to other cities. Features are 
first identified structurally and spatially in a hierarchy, and each 
name in the address reflects the hierarchical level it belongs to. The 
suggested compartments of “block,” ”building,” “development,” 
and “site” can well apply to other urban settings. A different set of 
notations and number of levels might be adopted, but the most 
important criterion is the nesting of one compartment into an-
other to build up an address. In places with only simple building 
structures for one identical use, the block compartment may be 
eliminated. On the other hand, if a piece of land and its develop-
ment are concerned with multiple levels of ownerships, additional 
compartments beyond “site” can be defined. The main principle 
of the model is to allow propagation of an address or name from 
one level to another, so that cross-matching of information at 
the same level is enabled. This approach also helps relating the 
textual address description to its spatial representation in a digital 
mapping or geo-information system. On the other hand, with the 
exception of the bilingual characteristics of floor labeling that is 
quite unique in Hong Kong, the suggestion of an alias label (in 
relation to the topographic surface) for aligning floor descriptions 

across different buildings also might be considered in other urban 
settings with similar problems.

In summary, this paper points out the design of a number of 
concepts related to the making of a meaningful address system. 
The discussion has focused on theoretical considerations rather 
than on the detailed design for a database. The main objective 
of this compartmentalized addressing model is to facilitate the 
interchange of property or land-related data among user databases. 
There is no intention to override or disapprove of any existing 
official address system. Instead, in this new era that calls for data 
sharing and administrative efficiency, a neutral system integrating 
a wide variety of formats and concepts is important.
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Mapping and Analysing Crime Data: 
Lessons from Research and Practice

Edited by: Aloe Hirschfield and  
Kate Bowers (London, Taylor & Francis)  
2001, 274 pages.

The prime focus of this edited volume is on examples of crime 
mapping in the United Kingdom although 5 out of the 12 chap-
ters use U.S. examples. The papers are highly topical and come 
at a time when the (mostly U.S.) literature on crime mapping 
and analysis is steadily growing (Harries 1999; Goldsmith et al. 
2000; Boba 2001; Radburn 2001). The growing importance of 
geographical information systems (GIS) and other spatial tech-
nologies in crime analysis and crime reduction in the UK has 
been consequential of the increasing politicisation of law and 
order since the 1970s. Whilst this politicisation reflected public 
concern over growing crime rates, it also encouraged public 
concern such that from the 1980s fear of crime also became 
a political issue. The same pattern of events can be seen in the 
United States, but preceding the United Kingdom by a decade. 
The landmark and main context for the Hirschfield and Bowers 
volume is the 1998 Crime and Disorder Act, which legislated for 
an intelligence-led, problem-solving approach—in partnership at 
the local level—with systematic analysis and reflexive monitoring 
embedded into policy on social and situational responses to crime 
and disorder. More recently, and subsequent to the publishing 
of the volume being reviewed here, the 2002 Police Reform Act 
amends the 1998 Act such that local partnerships must “take due 
account of the levels and patterns of crime and disorder in an 
area” (emphasis added), which can be taken as an explicit direc-
tive toward spatio-temporal analyses as well as that of the modus 
operandi (MO). 

The aim of the book is ambitious: to “highlight areas of best 
practice, explore the types of problems to which spatial crime 

analysis can be applied, review the capabilities and limitations of 
existing techniques and explore the future directions of spatial 
crime analysis.” Following an introduction by the editors, the 
book is organised into five parts:
1. Crime mapping and applied research
2. Local Authority applications
3. GIS in the police and emergency services
4. International perspectives
5. Practical considerations: What can we expect of GIS?

The Introduction outlines some prevailing issues concern-
ing crime mapping and its application. Crime mapping is taken 
broadly as the processing of spatially referenced crime data in order 
to create an informative visual display. Clearly, suitable software 
is an issue. Apart from generic GIS there are specialist packages, 
such as STAC, CompStat, and CrimeStat as well as a growing 
number of experimental packages, that can be deployed. But the 
key concern must remain with the quality of the data processed 
by such software. Apart from varying rates in under-reporting by 
crime type, UK crime data suffer from a lack of standardisation 
in recording. This leads not only to problems of geocoding but 
the interpretation of the analysed data. This, in turn, necessarily 
raises questions as to what mapping can be expected to achieve. 
The most popular use of crime mapping has been the detection 
of so-called “hotspots” in reported incidences. Another key use 
has been in the search for correlates. Can inductive mining of 
crime data contribute to theories of criminology? The answer 
would seem to be that the presence of patterns (geographical, 
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MO, offender profiles, and victim profiles) can lead to an infer-
ence of non-random process. Whilst this in itself is no proof of 
causal link, it can generate useful hypotheses that direct more 
focused scientific enquiry to explain the observed patterns. On 
the other hand, knowledge of crime theory would seem to be 
indispensable in correctly compiling crime maps and interpreting 
their meaning. The editors make the point that crime mapping 
need not (and probably should not) be used in isolation but 
rather should complement other forms of analysis (e.g., statistical, 
temporal, heuristic) that contribute to a clearer understanding 
of the complex, multi-dimensional phenomenon. Nevertheless, 
given our propensity for the visual assimilation of information, 
crime mapping has a unique role in presenting integrated views 
of data and products of analyses.

Part I: Crime Mapping and Applied 
Research
In Chapter Two, Turton and Openshaw examine “Methods for 
automating the geographical analysis of crime incident data.” This 
builds on Openshaw’s longstanding research interests in fast 
exploratory geographical analyses as embodied in a geographi-
cal analysis machine (GAM) and one of its evolved variants, a 
geographical explanations machine (GEM), which evaluates cor-
relates. These are computationally intensive approaches for the 
detection of hotspots defined as a localised excess of an incidence 
rate. This requires both incident data (usually as points) and the 
relevant at-risk population (usually polygon-based). Applications 
of the inductive techniques are illustrated in the chapter using resi-
dential and street crime data for Baltimore County, MD. Detected 
hotspots of residential crime were found to be associated with 
areas of high house value and higher-than-average concentration 
of old people. Detected hotspots of street crime were found to be 
associated again with high house value as well as high proportion 
of white population. The avowed purpose of the chapter had been 
to demonstrate that crime mapping can be carried out “with a 
little effort and very little GIS know-how” but then GAM and 
GEM are not GIS as commonly understood.

In Chapter Three, Costello and Wiles provide a riveting 
30-page analysis on “GIS and the journey to crime: an analysis of 
patterns in South Yorkshire” for burglary and theft. A range of data 
sources is used but relies heavily on the linking of locations of 
offence and offender for crimes recorded by the police. Notwith-
standing the problems inherent in such data, the authors identified 
that the average journey from home to domestic burglary offence 
was just 1.88 miles. Travel to crime tended to be driven not by 
any specific plan but more dependent on opportunities that 
arose during normal routines. Furthermore, where longer travel 
to offence did occur, the crime locations tended to have a strong 
connection with the offenders home location. On the other side 
of the coin, travel to victimisation (as in having one’s car stolen) 
was also localised, the average distance being 0.6 to 1.4 miles 
depending on crime type. Thus, high offence and victim rates 
tend to be where offenders live, which were also the least desirable 

residential areas. Because such a pattern is self-reinforcing, it will 
tend to be stable and predictable in the short term.

Ratcliffe and McCullagh write in Chapter Four on the topic 
of “Crime, repeat victimisation and GIS.” This is one of three 
chapters that analyses repeat burglary. Four techniques—aoristic 
analysis, hotspot detection, identifying repeat victimisation, cor-
relating repeat victimisation with deprivation—are presented, 
though within the overall structure of the chapter the link between 
then remains tenuous. The aoristic method isn’t actually explained. 
The hotspot detection is a composite of STAC, SPAM, Vertical 
Mapper, and the Getis & Ord Gi* statistic. The authors make a 
distinction between repeat victimisation at a specific location over 
time and a spatially concentrated group of events in an homog-
enous area. The latter caters for inaccuracies or low precision in 
geocoding. For burglaries in Nottingham, the authors found not 
only a decrease in the risk of repeat victimisation over time but 
also a decrease in the level of similarity in the MO indicating a 
reduced likelihood over time that repeats are by the same offender. 
The regression with deprivation, whilst statistically significance, 
has low R2 and appears doubtful as a viable model.

Part II: Local Authority Applications
Chainey, Chapter 5 “Combating crime through partnership: ex-
amples of crime and disorder mapping solutions in London, UK,” 
looks at examples of mapping solutions for crime and disorder 
reduction. He begins with an overview of the issues underscoring 
effective partnership working and information sharing. This is 
followed by a detailed consideration of the data cleaning processes 
though in the context of a single commercial geocoding product. 
The crime mapping applications cover the deployment of police 
resources, crime and disorder audit, CCTV, repeat burglary, 
burglary correlates, and noise nuisance. A chi-square test given 
in Figure 5.1 for burglary correlates shows negative chi-square 
values, something that is not possible because both observed and 
expected numbers of burglaries are greater than zero.

In Chapter Six, Bowers, Newton, and Nutter return to the 
theme of repeat victimisation in “GIS-linked database for moni-
toring repeat domestic burglary.” Their case study uses data from 
Merseyside to support an initiative for financial assistance and 
target hardening to the most vulnerable households. Using a pur-
pose-built application in Microsoft Access, police burglary records 
were analysed on a daily basis to provide a weighted scoring for 
grant allocation. This scoring not only included identification 
of repeats but also relevance to vulnerable groups (e.g., women 
living alone, the elderly) and hotspots (as defined by burglary 
count on a 100m grid). The victims with the highest ranking 
scores were transferred to a “daily list” from which interventions 
were initiated. Over a four-year period, less than 1 percent of 
the 5,356 victims receiving assistance in this way suffered from 
a further re-victimisation.
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Part III: GIS in the Police and 
Emergency Services
LeBeau, in Chapter Seven, writes on using GIS in “Mapping out 
hazardous space for police work” in Charlotte-Mecklenburg, NC. 
Using records of the 416,584 dispatch calls for 1997, five classes 
of incidences hazardous to officers were separated out: emergency 
response, gun assaults and armed robbery, officer use of force, 
injuries to officers, and officers requiring immediate assistance. 
For each of these five classes, density grids were constructed on 
a half-mile grid. These were analysed graphically and statistically 
to identify thresholds for each of the five classes with grid squares 
above the threshold re-classified as 1 and those below the thresh-
old as 0. The five resulting threshold maps were then summed 
to give an overall hazard score. The final map—a geography of 
hazardous spaces—shows a distance-decay effect outwards from 
the city centre.

In Chapter Eight, Merrall reports on the use of “GIS for 
spatial analysis of fire incidence; identification of social, economic 
and environmental risk factors” in Greater Manchester for the 
year 1998–99. As with crime data, urban fires are not random 
phenomena and exhibit specific geographical concentrations at 
varying scales. Identification of high fire incidence paves the way 
to establishing profiles and common risk factors that can inform 
community fire safety planning. For the period studied, 86.5 
percent of incidences of residential fires could be attributed to 
human behaviour (particularly an individual’s behaviour within 
their own household) rather than the fixtures or fittings of the 
dwelling. The fires could be said to be spatially concentrated in 
as much as 30 percent of the incidences and 27 percent of the ca-
sualties occurred in electoral wards containing only 10 percent of 
the population. A strong correlating link was established between 
incidence of residential fire and deprivation level.

Part IV: International Perspectives
Taken together, Chapters Nine and Ten give a U.S. view of crime 
mapping and analysis with Williamson, McLafferty, McGuire, 
Ross, Mollenkopf, Goldsmith, and Quinn on “Tools in the spatial 
analysis of crime” and La Vigne and Groff on “The evolution of crime 
mapping in the United States: from the descriptive to the analytic.” In 
the former, the ‘tools’ are those included within the Crime Map-
ping and Analysis Application (CMAA), which utilises MapInfo, 
MapX, Vertical Mapper, and Visual Basic. The specific techniques 
covered are block aggregation, Voronoi diagrams, kernel density 
estimation, and animation. Each of these techniques is described 
in some detail though the authors are not even in their treatment 
of the advantages and disadvantages of each. Whilst CMAA is 
designed for ease of use, to do so many of the “technical details 
are hidden from the user, parameters were ‘hard-coded’.…” The 
reviewer always feels uneasy about such approaches as users can 
proceed without really understanding how the tools work (“with 
little or no training in spatial analysis”) and therefore arrive at a 
theoretical and technological, as well as practical, interpretation 
of what the outputs mean. La Vigne and Groff trace the history 

of crime mapping in the United States and the evolutionary use 
of GIS from a small, specialist activity to one of widespread de-
ployment. They then go on to consider the range of applications 
of crime mapping, firstly in practice and then in more research 
oriented approaches to analytic mapping. In this respect the au-
thors identify that whilst technological advances have increased 
the accessibility and “robustness” of GIS in crime mapping, “true 
progress requires the continuation of the partnership between 
researchers and practitioners.”

Part V: Practical Considerations: 
What Can We Expect of GIS?
Pease, in his chapter “What to do about it? Let’s turn off our minds 
and GIS,” stands back and takes a critical, though thought-pro-
voking, stance on the role of crime mapping in studies of crime 
risk and the “tyranny of geography and its consequences.” Much 
of his argument rests on the recognition that location per se is 
not an independent variable (places do not cause crime) and 
the contribution of non-spatial variables to crime risk that are 
poorly handled and analysed in GIS. This is not to say that GIS 
is not of value but rather should be complementary to and not a 
substitute for non-spatial approaches. The author gives examples 
from repeat victimisation in domestic violence and burglary where 
non-spatial methods of analysis are more fruitful in determining 
risk than methods using geographically-based analysis. Thus, 
GIS has assumed an “inappropriately prominent place” in crime 
pattern analysis that is supposed to focus on the characteristics of 
crime including those of the location, victim, and offender. In any 
analysis of hazard and risk substantial crime reduction gains can 
be made by analysing the three or four dominant variables, and 
it may well be that for certain crime types none of these variables 
are spatial. Pease concludes that GIS may, however, not be a waste 
and that mobile devices (incorporating maps) to record quickly 
and accurately all the characteristics of a crime “may turn out to 
be the major benefit of the current vogue for mapping.”

In the final chapter, Hirschfield examines “Decision support 
in crime prevention: data analysis, policy evaluation and GIS.” The 
author considers the information needs of different stakeholders 
and the role of GIS-derived information in support of decision 
making by the various stakeholders. In the United Kingdom, 
legislative and policy changes toward crime reduction, regenera-
tion and the reduction of social exclusion and health inequalities 
has extended the analysis of crime data to a far larger group of 
stakeholders who need to answer questions on
■ how crime and disorder are manifested socially, spatially, and 

temporally;
■ the social and environmental risk factors that account for 

them; and
■ the impact such crime and disorder has on the community 

that experiences them.

The main use of GIS here is in mapping the distribution of 
individual and repeat incidences, calculating rates, and identify-
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ing hotspots and placing them in context. The author provides 
examples for public transport and a Youth Action Programme. 
The chapter concludes with an examination of training needs and 
an outline national curriculum for community safety.

Overall, Hirschfield and Bowers are to be congratulated on 
bringing together an interesting and wide spectrum of papers on 
the diversity in crime mapping. Production by the publishers 
Taylor & Francis is to a high standard. Although primarily centred 
on a U.K. context, this book offers much that will be of interest 
to the international community who use GIS in the analysis of 
crime and disorder.

Reviewed by

Allan Brimicombe BA(Hons) M.Phil. Ph.D. C.Geog 

Centre for Geo-Information Studies, 
University of East London 
London, United Kingdom 
a.j.brimicombe@uel.ac.uk
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Overview
CommunityViz is an integrated software suite including three 
application modules that can be installed separately or in various 
combinations. The three application modules include:
1. Scenario Constructor (Core), developed by the Orton Family 

Foundation; 
2. SiteBuilder 3D, developed by MultiGen-Paradigm, Inc.; 

and 
3. Policy Simulator, developed by PricewaterhouseCoopers 

L.L.P. 
These modules function as extensions to ArcView GIS (ESRI, 
Redlands, California). They provide an extensive set of decision-
support tools to help users analyze and visualize information about 
their community so they can make informed decisions. 

System Requirements
A complete installation of the CommunityViz software suite 
would require 460MB of hard disk space. CommunityViz is 
recommended to run on a system with 1.4GHz or higher, with 
256MB or more RAM (random access memory), and at least 5GB 
space on hard disk. For better graphic presentation, 1024×768 
resolution monitors are preferred. In terms of supporting software, 
ArcView GIS 3.2 or higher running on Windows NT or 2000 
would be sufficient.

Integration with ArcView GIS
Once CommunityViz is loaded into the ArcView environment, 
CommunityViz customizes ArcView’s interface in many ways 
(Figure 1). This expandable pull-down menu allows quick access 

to various components of the CommunityViz software suite, in-
cluding digital assistants, task wizards, pre-designed Quick Start 
Scenarios, and a special tool for build-out analysis.

Automating Decision Analysis
Scenario View is the core document from which scenarios are 
managed and analyzed. It is the type of document that must 
exist in order to use all other modules in the CommunityViz 
software suite. A new scenario can be created by converting an 
existing View into a Scenario View, or it can be built from scratch 
by creating a new Scenario View. Scenario View documents can 
be referenced in an ArcView project (.apr) file, but they, unlike 
View documents, reside independently from the project file as 
CommunityViz maintains scenarios in their own folders where 
scenario-specific settings as well as links to files required by Com-
munityViz modules are stored.

A Scenario View document window is very similar to a View 
document window where themes can be added. Themes within 
a Scenario View may contain both non-automated and automated 
themes. Non-automated themes typically contain features and/or 
attributes that are static throughout the scenario exploration 
process. Automated themes, on the other hand, are dynamic, and 
they must be defined by the user beforehand so that they can be 
altered to reflect changes caused by different scenario settings.
Scenario View is also the central place where users can set up the 
decision framework and automate decision analysis. This is ac-
complished by establishing scenario-based variables, constants, 
indicators, snapshots, and tables, as well as theme-based auto-
mated attributes and constraints. A set of Formula Wizards and 
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Formula Assistants is provided in Scenario Constructor to help the 
user construct formulas associated with scenario-based indicators, 
snapshots, and theme-based automated attributes and constraints. 
Once the decision framework is set up properly in a Scenario View, 
the user can explore and evaluate different scenario outcomes 
interactively. Results and feedback from the scenario analyses 
are communicated to the user through charts, dialog boxes, and 
Scenario View (Figure 2).

Visualizing the Virtual 3D 
Environment
To construct a virtual three-dimensional environment for a study 
area using SiteBuilder 3D, the user must first create a base terrain. 
The base terrain can be derived from shapefile features with an 
elevation data set, elevation grid theme, or Triangulated Irregular 
Network (TIN) data file. The use of grid and TIN for base terrain 
creation would require Spatial Analyst and 3D Analyst extensions 
for ArcView GIS, respectively. Once the base terrain is created, the 
user can drape aerial photo, satellite image, and textured theme 
features onto the terrain to give the base terrain a more realistic 
appearance. Finally, 3D objects can be placed directly onto the 
base terrain either by extruding theme features to their heights 
or associating them with pre-built 3D models delivered with 
SiteBuilder 3D. For greater realism, several environmental effects 
such as clouds, fog, lighting, or time of day can be factored into 
the 3D scene (Figure 3).

SiteBuilder 3D comes with a utility program called Model 
Librarian to help manage the huge collection of 3D models and 
2D textures that are included with the installation of SiteBuilder 
3D. Model Librarian allows users to organize, query, and preview 

the provided models and textures. However, Model Librarian is 
just a browser/organizer and has no editing capability; the user 
would need to acquire a ModelBuilder 3D license to create cus-
tomized 3D models or modify existing ones.

Real-time navigation around the 3D environment is also sup-
ported by SiteBuilder 3D. The user can control the motion mode, 
speed of movement, and eye point distance from the ground so 
he or she can virtually drive/walk around town or fly over it with 
ease. A user-defined tour through the 3D environment can be 
created by putting together a series of control points that define 
the tour path. Tours can be recorded and saved as animation files 
in .avi format. The user has the option to specify the duration, 
resolution, and frame rate of the animation.

Among the three modules in the CommunityViz software 
suite, Sitebuilder 3D is the most demanding when it comes to 
graphics processing power and CPU usage, as the virtual 3D 
environment is modeled in real time during navigation. The 
performance of Sitebuilder 3D is directly affected by the size and 
complexity of the base terrain and the number of features in the 
3D environment. A high-end 3D graphics adapter with hardware 
acceleration and 100 percent OpenGL-compliant would be a 
wise investment.

Forecasting the Future
Policy Simulator handles the component of time in Communi-
tyViz and uses an agent-based modeling approach to simulate 
“individual entities in a situation (such as a person) as the units of 
analysis and decision-makers” (Bernard 2002: 2). It is designed to 
“forecast probable land-use, demographic, and economic change 
both spatially and temporally” (Bernard 2002: 1), as well as to 

Figure 1. CommunityViz customizes the ArcView GIS interface in many ways. The expandable CommunityViz pull-down menu is shown here 
when CommunityViz is loaded in ArcView GIS. It allows quick access to various components of the CommunityViz software suite.
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Figure 2. Scenario Constructor supports analytical evaluation and comparison of scenarios. This is achieved by letting users impose constraints, 
track indicators of change, and visualize alternatives with maps and charts. Changes can be made to a scenario interactively and Scenario 
Constructor will automatically update indicators and alert the user if there is any constraint violation.

Figure 3. SiteBuilder 3D enables the user to visualize and navigate the landscape in a virtual 3D environment. This scene was created with a base 
terrain generated from point features with elevation information. The base terrain was further textured with a satellite image. Buildings were 
extruded to their heights and textured with the provided 2D textures. Finally, 3D tree models were selected from the model library and placed 
onto the base terrain.



54 URISA Journal • Vol. 16, No. 1 • 2004

examine the short- and long-term implications of various policy 
alternatives.

Policy Simulator allows users to examine various policy alter-
natives in relation to tax, land use, and budget ordinances. Setting 
up simulation runs involves the tasks of preparing required data 
sets, calibrating the model to fit local conditions, and carrying 
out the simulations. Policy Simulator walks the user through this 
process with the help of its Data Manager, Calibration Manager, 
and Simulation Manager (Figure 4). Multiple simulations should 
be run under different policy alternatives so that their impacts on 
community future can be examined. The results could be used as 
the basis to create effective policies that would lead to the desired 
future for the community.

Policy Simulator stores and manipulates data in raster format, 
which is a gridded or cell-based data structure that divides the ge-
ography of a community into square cells with a typical resolution 
of “400 to 20,000 square meters” (Bernard 2002: 2) per grid cell. 
The smaller the size of these grid cells, the finer the resolution, and 
the more detailed simulation results can be achieved. However, 
with finer resolution, the file size of the raster grid increases, as 
does processing time. These factors must be taken into account 
when deciding the extent and resolution of the study area, which 
directly affects the size of the grid cell for the simulation runs. 
Because ArcView GIS itself is a vector-based GIS package, it re-
quires a raster-based software extension called Spatial Analyst to 
process and display data in Policy Simulator.

Policy Simulator is also the most data-intensive application 
among CommunityViz modules. It requires an extensive longitu-
dinal set of demographic, governmental, and land-use data across 
11 different topics. Collecting and preparing the necessary data to 
meet the requirements of Policy Simulator may take a long time, 
and the required data may not be available, especially for small 
communities. Although it is possible to use default values in place 
of unavailable simulation data, the outcomes of the simulation 
would be adversely affected.

Policy Simulator is designed to work best on small communi-
ties with fewer than 25,000 residents. It has not been tested on 
communities with more than 60,000 residents (Culpepper 2002). 
Policy Simulator treats community residents, businesses, buildings, 
parcels, and establishments as individual “agents.” Depending on 
the size of the community being simulated, Policy Simulator may 
consume a great deal of CPU processing power as every “agent” 
is simulated individually in the simulation run. Because of the 
agent-based modeling nature, data-intensive operations, and cell-
based processing, it is the author’s opinion that Policy Simulator 
should be run on PCs with the fastest CPU and largest amount 
of memory possible.

The Potential and Applications of 
CommunityViz 
CommunityViz is a valuable decision-support tool that can be eas-

Figure 4. Policy Simulator utilizes several dialog boxes, including the Simulation Manager (shown here), to facilitate the completion of the 
required tasks of data preparation, model calibration, and simulation. Simulation Manager allows the user to set up simulation parameters that 
would influence the outcomes of simulation runs. For example, the user can choose the policy set, variables, and the calibration file to use in a 
simulation run.
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ily integrated into the planning process. Its unique combination 
of spatial analysis, 3D visualization, and long-term forecasting 
capabilities greatly enhances the exploratory and predictive power 
of its users in program evaluation, policy analysis, and future 
planning. CommunityViz is also an effective educational tool 
that encourages visionary and strategic thinking in the planning 
process, which would be helpful to planning educators, students, 
and professionals in analyzing, forecasting, and visualizing plan-
ning actions.

In addition to its analytical capabilities, CommunityViz has 
great potential to facilitate consensus building, citizen participa-
tion, and proactive planning. Representation of a community’s fu-
ture can serve as an essential means for gaining agreement (Myers 
and Kitsuse 2000) and uniting people toward common goals. To 
that end, CommunityViz provides a dynamic digital environment 
where decision makers, planners, technicians, stakeholders, and 
the general public can work together and share their views and 
values to envision a better and plausible future, and to create a 
plan of action to attain that future for their community.

Documentation and Technical 
Support
CommunityViz version 1.3 comes with a set of manuals (one for 
each module), an upgrade guide, a CD-ROM, and an installation 
guide. Each user manual contains a carefully designed tutorial 
section to help new users get a jump-start learning the basics of 
the software suite. The user manuals are well-written and well 
organized. The online help section of the CommunityViz software 
suite is basically an electronic version of the user manuals. Screen-
capture images of dialog boxes, buttons, tools, and other window 
elements are used extensively to show the user how to navigate 
and perform specific tasks. Those images are printed in grayscale 
in all user manuals and the online help for Scenario Constructor 
and Policy Simulator, while SiteBuilder 3D uses color images in 
its online help. To make spatial information more discernible, 
it would be nice if color images were used in all online help, 
especially those containing intense graphics.
As to technical support, CommunityViz provides live, toll-free 
telephone support during regular business hours. The technical 
support staff is knowledgeable, courteous, and always willing 
to share insights with the user about why a problem may occur 
and how to work around it. The author’s experience in seeking 
technical support has always been positive.

Conclusion
CommunityViz is an innovative software suite that enables the user 
to perform real-time decision analysis and exploration, interactive 
3D visualization and navigation, and long-term policy outcome 
forecasting within the already popular ArcView GIS environ-
ment. To attain and utilize the fullest potential of CommunityViz, 
users should have a solid understanding of GIS in general and 
ArcView GIS operations in particular. It takes time and effort 
to learn and master the ins and outs of CommunityViz, but it is 

certainly worthwhile considering its capabilities and application 
possibilities to support various decision-making activities in the 
planning process.

CommunityViz is analytical, communicative, and educa-
tional. It facilitates collaboration among decision makers, plan-
ners, technicians, stakeholders, and the general public to work 
toward a better and plausible future for their community. It also 
offers a more proactive approach to land-use decision making 
that could help us envision and shape our future environment 
through informed decisions.

The CommunityViz development team is working on version 
2.0, which is scheduled for release in the fourth quarter of 2003. 
According to CommunityViz, the major enhancements of version 
2.0 over 1.3 will include a more streamlined user interface, tighter 
module integration, new analytical capabilities, and compatibility 
with ArcGIS 8.x. Interested readers may contact CommunityViz 
directly for further information. CommunityViz can be reached at 
1035 Pearl Street, Fifth Floor, Boulder, Colorado 80302; phone: 
(303) 442-8800 or (866) 953-1400, fax: (303) 449-2487, or e-
mail: info@communityviz.com.
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