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ABSTRACT 

The deployment of GIS in local government is revolutionizing how government works. This paper is 
both a case study of our progress in GIS implementation at the County of Sonoma and a 
"cookbook" for solving problems that affect all local governments thinking about GIS. We include 
discussions of data compilation and standardization, inter-agency data integration, hardware and 
software considerations, and an implementation strategy for Web services that leverage both 
ArcIMS and the capabilities of DB2 Spatial Extender. The paper emphasizes simple, effective 
spatial database design and how to address the needs of agencies who are afraid to get their GIS 
feet wet.  

A few words of introduction 

During the annual monsoon of new spatial technology at the ESRI user conference, we GIS 
implementers stare wide-eyed and overwhelmed, letting our minds envision all that is possible on 
the spatial front. I suggest we all take a step back; to try to isolate the essence of spatial data in a 
government context. In some ways what you'll see here will be simplistic, and yet, simplicity is 
exactly what local governments need when considering their GIS and spatial databases.  

What do we deliver as GIS professionals? Maps? I've seen many public administrators and elected 
officials for whom maps are the sole product of a GIS group. But we know better than to limit our 
role in this way. Maps don't change, and yet spatial information does; we see how it is generated on 
demand for ad hoc needs. Could it be data that we provide? Well, again, this misses the mark. 
Public agencies, as the California GIS Council puts it, have a wealth of data and a deficit of 
information. Any GIS organization that promises simply to add to the vast governmental store of 
redundant and inaccurate data isn't likely to be funded for long. What we really have to offer, as an 
added value to government and to the public, is our ability to realize and deliver a metaphor.  

As GIS professionals, we provide the metaphor of space. 

OK, fine, so what in the world does that mean? In the day-to-day operation of government, one sees 
a great deal of information that is related to location or to space: land management systems, district 
and election management, permitting, road building. The list is long. However, government that 
eschews GIS loses the ability to use spatial information directly, as such, in order to facilitate an 
entirely new way for government operations to become mutually aware.  

Many departments already use GIS technology to help manage their internal projects, but the 
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process- and file-based limitations of desktop GIS generally mean that the benefits of spatial 
integration remain untapped. A GIS organization that spans agencies has a unique opportunity to 
open lines of communication between departments by situating all of their location-based data in a 
single conceptual framework. I would argue that grappling with spatial integration is the most 
significant challenge facing the GIS professionals these days. In fact, unless we provide proper 
attention to integration, GIS organizations are in danger of either compounding and reinforcing 
inefficiencies in government workflow, or perhaps worse, discrediting GIS. 

This paper touches on two major aspects of delivering the spatial metaphor to government clients. 
First, I'll illustrate how Sonoma County GIS leverages existing data and its so-called "pseudo-
spatial" component. Secondly, I'll emphasize the simple modeling of the three basic government-
related spatial datasets and how to turn this simple model into a far-reaching, data-centric 
conception of space and location in public administration.  

Part One-- integration strategies. 

The most important lesson (and the first recipe in my 'cookbook') concerning GIS and county 
agencies is that GIS cannot (and should not presume to) replace the datasets that agencies already 
use. My motive for emphasizing this is not that GIS technology is incapable of changing government 
workflows for the better; rather that no public GIS organization is in the financial or political position 
to supplant existing workflows. Only by treading the thin line between supporting existing agencies 
and helping them improve their everyday service level can GIS realize the potential of its technical 
promise.  

In Sonoma County the first building block to establishing such a role for SC-GIS (Sonoma County 
GIS) was the construction of a web site that could function as a "lowest common denominator" for 
county information. This site was envisioned, at a minimum, to provide the following services:  

1. To provide searching tools for common spatial elements that the front-counter staff use all the 
time. By extension, the site should provide agencies with methods to use their own data to find 
locations.  

2. To use spatial intelligence to report on existing data provided by these agencies.  

Both of these functions require that GIS  

1. Find the spatial "hook" for departmental datasets.  
2. Find a way to integrate data with its implicit or explicit spatial component.  
3. Incorporate the spatial and non-spatial data into the common framework for reporting and 

finding.  

The method for incorporating departmental data is rather straightforward, even simplistic. The idea 
is to take some known spatial element, such as address points or parcel polygons, and then to use 
an attribute of that spatial element to relate to existing data. The most straightforward scenario for 
this incorporation is probably GIS use of the assessor's property database.  
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SC-GIS has for several years been working with and improving a layer of parcel polygons, which we 
assiduously synchronize with ongoing work in the Assessor's office. This parcel layer, when 
considered separately from any geographic visualization, is a table of records relating a polygon to a
nine-digit number. Anything that we can relate to this number automatically becomes related to the 
shapes as well. For the assessor, therefore, we will use the parcel number to relate our polygons to 
the property rolls.  

The assessor's office happens to put out a weekly extract of their property ownership database. 
This table is parsed and inserted into its own space on the GIS database server.  

In the GIS database, we have the parcel shapes and the assessor's data. All we need now is a 
database view that relates the two. ESRI's ArcSDE interface provides the command to do this; but 
behind the scenes there is no more going on than the creation of a normal database view, which 
happens to have a spatial column in it. Since this view is independent of either underlying data 
source, the parcel polygons and property attributes can be maintained separately and still support 
the integration model.  

In other words, SC-GIS can maintain the parcel polygons as needed, and then when a new property 
extract is generated, the parcels are automatically linked to the most current data.  

This integration provides some incredible benefits to the entire county, even though the steps 
needed to create it are near-trivial. Now, users throughout the county administration can locate 
(spatially, relatively, or with attributes) parcels and property owners, and through a central website 
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they are tied to other types of information we are able to provide.  

  

The knowledge accumulated through integration is cumulative. Data from one agency, when linked 
to the parcels, gives that agency the ability to map and perform spatial analysis. However, it also 
ties their data to all other spatially registered data as well, enabling cross-agency spatial awareness. 
This is the promise of the spatial metaphor; not only to situate data in a spatial world, but also to 
make disparate datasets aware of each other.  

It is worth noting that the shapes don't always have to correspond exactly to the underlying 
geometry of the departmental datasets. The agricultural commissioner's office tracks pesticide use 
in the county, and collects the APN of any parcel with a spray permit. The spray area is not the 
same as the boundary of the parcel, but nevertheless the use of APN is an appropriate way to 
visualize pesticide use for a GIS application. With the parcel boundary, we know the maximum 
possible extent of the field under question, as well as its location relative to other parcels. Thus 
we've gained a great deal of knowledge about pesticide use by joining parcels to permits, while 
avoiding the prohibitive cost of creating a new spatial dataset specifically for the agricultural 
commissioner. At one time, the commissioner's office was using ArcView to draw polygons around 
crops. Now, although sacrificing that level of precision, they have eliminated the need for ANY 
spatial data maintenance while being able to rely on a dataset of much better quality.  

Address use, still in its infancy here at the county, will have similar issues. An address is generally a 
spatial symbol for an individual, a building, a business, an organization, or all of these things. 
Quantifying an address spatially is an effective way to interpret the spatial aspects of that symbol. It 
is up to the user to distinguish among the symbolic meanings of an address. It is worth emphasizing 
that partial knowledge is OK. Any spatial element that can be extracted from departmental data will 
either help to situate that data or to provide a much-needed spatial quality control.  
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At Sonoma county, we created a basic map browser that supports this idea of spatial integration. 
Now, sometimes to the chagrin of department managers, workers use our website to find 
information quickly and easily rather than using vendor supplied and supported interfaces to their 
own data! From one "Info" screen, a user can instantly flip between panes of data from the 
assessor, the ag commissioner, or 911 dispatch.  

It is not always easy to integrate data, though, and not all methods are equal. The extract described 
above for the assessor data is very easy to implement and leveraged a workflow already in place, 
but it is not the most timely data. Real-time integration requires more work. Here are some of the 
methods we've employed to bring in the data:  

1. Parsing a periodic text extract of an existing dataset (as above with assessor data).  
2. Periodically using ODBC and/or JDBC to extract data from native systems.  
3. Folding in data collection to the GIS workflow (address points for dispatch, ag permits).  
4. Real-time connection to native datasets.  

This figure shows three different layers that were created from the parcel polygons, joined to client 
data from the assessor, permitting, and the agricultural commissioner. 

  

 

Part Two -- the basemap pyramid. 

Now you've seen how easy it can be to integrate existing data into an "open GIS." Besides this level 
of integration, what else does GIS bring to the table for a truly spatially-savvy organization? At the 
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most basic level, GIS brings spatial knowledge, as represented by relationships among spatial 
entities. The concept of the "basemap pyramid" on which to develop spatially-savvy information has 
helped me to envision the full potential of GIS.  

  

The basemap pyramid is a representation of the three most basic shapes that we deal with in 
county government, and their relationship to the ground. The basic shapes are addresses (points), 
street centerlines (lines), and parcels (polygons). For us, it is the orthophotography which provides 
the "ground reality" for the data. Interestingly enough, given this function we can then forget about 
the orthos and the ground for the rest of the discussion; the orthos provide the assurance that the 
other data can relate to each other truthfully. Stated otherwise, with each data type tied to the 
ground, their interrelationships are also valid.  

These basic shapes are most important because their familiar labels (addresses, parcel numbers) 
are already so pervasive in departmental data, and because they can be used so effectively to 
define more complex and larger ones.  

Address points represent individual households, people and businesses more closely than any 
other spatial datatype, and are more pervasive (and politicized and misused) more than any 
other data type. In Sonoma County, it is the dispatch community which has pushed the 
development of spatially accurate point addressing. The dispatchers use the GIS directly to 
input new points as needed -- a particularly beneficial type of GIS integration. As the list of 
known addresses grows, the potential for integration grows accordingly, because more and 
more addresses in county data become known locations.  
Street centerlines in the county were generated as part of the orthophotography project; they 
are as good a spatial reference as the photos themselves. Thus they provide not only a good 
idea of location of street segments, but are the most secure method for grounding vector data. 
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Few agencies directly link to the street segments, but they can be used to derive routes, locate
intersections, and check the data quality for adjacent parcels and point addresses.  
Parcel polygons are the geographic index not only for all property and tax-based information, 
but also are the index of permits (planning and agricultural), and the essential building block 
for almost all kinds of districts. 

Each collection of shapes is composed of not only data (and by extension all of the client data 
discussed above) but also in implicit spatial relationships among the data types. To illustrate 
this concept I distinguish between explicit spatial relations and implicit ones. Explicit spatial 
relations are those that attributes define:  

"this polygon is number 333-222-111."  
This owner's mailing address is 3 Main St." 

Implicit spatial relations rely on characteristics of the shapes themselves:  

This street borders parcels X and Y  
This address is 500 feet from that one. 

For any kind of spatial data it is possible to think in terms of spatial functions, some explicitly 
defined and any number that are implicit. For example, given a certain address, one may ask 
"What is the nearest street? What parcel is this address in? What street segment does it 
geocode to?" The nice thing about thinking of space in this way is that one can easily translate 
such expressions into SQL that runs on DB2 using the spatial extender. That means that any 
combination of spatial and attribute question can be answered using a relational expression.  

What district is address X in? == X within parcel Y component of district Z.  
How far to drive from parcel Z to river M == Traversing contiguous street segments, what's the 
shortest distance from Z until a road crosses M. 

This idea is a simple one and yet one that often is glossed over in the GIS industry; 
theoretically, a spatially aware database need not rely on any process-type workflow to 
answer ANY spatial questions. In the very recent past, almost any GIS question led to a GIS 
workflow, step one of which was always "collect relevant data," then, for example, "generate a 
buffer around selected features and compute the intersection with ...". Spatial databases are 
designed to turn this equation around -- to specify a desired result with less worry about 
process. A spatially-aware database can answer questions about spatial entities and their 
relationships without concern for desktop computing limitations and without emphasis on error-
prone processing steps. Rather, any relationship definable as a spatial predicate becomes a 
component of a larger, easily scalable and easily extensible system.  
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Above is a matrix that lists some useful relations among the three basic data types. It may be 
important for an address, for example, to be able to find its enclosing parcel, the nearest 
street, the geocoded street segment, or the nearest other address. Remember that such 
relations, if you extend them using the ideas from the first part of the paper, encompass a vast 
array of departmental datasets.  

The idea of how to put these relations to use is perhaps difficult to appreciate in the abstract, 
so I made a simple browsing tool to illustrate the capabilities of a spatially-aware geodatabase. 
On the left pane, the browser displays a table of attributes. The user has the ability to sort and 
query by attributes for the three layers in the basemap pyramid. So as to have some 
interesting data for the parcels, I'm actually using the joined view for assessor parcels that I 
discussed above.  
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When a user selects a feature by clicking on its row, a new node is added to the details tree to 
the right. Upon expanding this node, the user sees three subnodes. One contains the attribute 
data for this record. A second generates a map of this feature's environs, through a java 
connector bridge to ArcIMS. This is the only use of mapping software in this presentation! The 
third node is called "Functions." For each of the datatypes, I've written a few DB2 stored 
procedures that investigate and find out the relationships among the data. When you click on 
each of these functions, DB2 invokes the given stored procedure and generates nodes for the 
results. For example, one of the functions for streets returns all address points that geocode to 
the given street range. When I click on a street segment's function node, I see all of the 
addresses that belong there.  

Now this browser isn't much to look at, but it isn't really for end users. What I hope you can 
see is that it is simple to define and then to traverse spatial relationships inside the database. 
A natural step from this point would be to isolate the specific questions that agencies need to 
ask, and then embed the logic for generating appropriate answers into customized websites. It 
would be near-trivial to take any part of this browser and place the results within a more 
functional container, such as an external webpage or a lightweight ArcIMS browser.  
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So with the concept of the basemap pyramid, GIS organizations can deliver a limitless range 
of spatial relations. The model is, however, extremely simple, and it is intended to demonstrate 
how quickly GIS services can be incorporated into existing information service providers --- 
keeping spatial logic in the database means that the data is open to anyone who can write a 
web page.  

Where to go from here? 

The creation of effective spatial database solutions requires the enumeration of simple 
concepts. A database of geographic information is not simply a repository of layers for use by 
GIS applications; it is an opportunity to add spatial decision support to a vast organization of 
preexisting data. This spatial knowledge, used carefully and introduced unobtrusively to the 
governmental environment, will result in increased interagency cooperation.  

The goal for an enterprise GIS organization, in my opinion, is to help each stakeholder agency 
to find its relationships to others through the use of the spatial metaphor. By starting with the 
core geographic entities enumerated in the basemap pyramid, and by extending the scope of 
these basic shapes to as wide an audience as possible, a GIS organization has a chance to 
help government, quite literally, to find itself.  
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