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ArcGIS 9.2 Provides a Full Solution

Putting the “Art” Back into Cartography
Cartography has been defined as the art, science, technology, and 
craft of making maps and is a discipline going back 30,000 years to 
cave paintings locating woolly mammoths. Maps have often been 
works of art, but also visualize the results of scientific and historical 
analysis. There is a large bank of accumulated cartographic wisdom 
describing how to make clear maps that convey the intended mes-
sage.
 From a cartographic perspective, GIS has great strengths in data-
base-driven symbology, multipurpose mapping, and integrated query 
and analysis, but map publishers also need rich graphical represen-
tation and artistic freedom. So, a set of major software advances 
in cartographic functionality is under way for ArcGIS 9.2 that will 
facilitate and automate high-quality cartographic production while 
empowering the human cartographer with more creative flexibility.
 The aim of this update is to provide the optimal tools and environ-
ment for the production cartographer, centered on the rigor of the 
geodatabase. A key aspect is to automate as much as possible but then 
allow cartographic freedom where needed. The system will release 
mapmakers from repetitive manual operations and free them to con-
centrate on applying their unique human visual abilities for design 
and interpretation.
 The target user is the production cartographer, but many of the 
facilities will be of great benefit to the GIS user who simply wants to 
make a better map.

Introduction
Almost all commercial cartographic publishers today use GIS for 
the preparation of their data, and many do complete map production 
within the GIS. Other publishers rely on file-based graphics software, 
such as Adobe Illustrator, to create the final visual product and carry 
out cartographic edits. This split workflow has a number of draw-
backs, in that it requires export then import between packages and 
lacks a consistent user interface. Duplicating changes and updates in 
both environments is inefficient and expensive. Feature attributes are 
unavailable during finishing, and there is a need to maintain separate 
databases to make multiple products at different scales.
 In addition, many national mapping agencies and commercial 
mapping companies have a strategic goal of using a common data-
base and common environment for all map publishing and a capture-
once-and-use-many-times ethos. This requires that it be

• A single software environment from capture to completion
• Centered on an enterprise database
• Supportive of multiple representations for multiple products
• Capable of generating high-quality cartographic outputs
• Extensible to handle generalization and incremental updates as 
these facilities mature

 The new cartographic representation and override capabilities 
coming in ArcGIS 9.2 will support the complete cartographic pro-
duction process within the GIS. Outputs include plot files for direct 
printing, image formats for Web or graphics publishing, and Adobe 
Acrobat PDF files for imposition, separation, and manipulation by 
prepress software. 

Representations and Overrides
Cartographers have always had difficulty in resolving the conflicting 
pressures of automation (rule-driven visualization) with those of car-
tographic clarity (freedom of expression). The new representations 
and override system in ArcGIS 9.2 unifies automation and freedom 
capabilities and resolves many of these problems. A small amount of 
information is added to geographic feature classes in a geodatabase 
to store representation rules and graphic overrides for individual fea-
tures.

Line Example
Representing linear features unambiguously with patterned or dashed 
lines has traditionally been a challenging problem for cartographers. 
ArcGIS 9.2 provides a new solution to this and similar problems by sup-
porting high-quality automatic representation of GIS features, while at 
the same time providing the flexibility to override the automated rules. 
Clear and attractive maps can thereby be efficiently produced.
 Figure 1 shows five stages of symbolization for linear road or 
“track” features from a vector topographic GIS dataset (data copy-
right swisstopo). Traditional GIS-based mapping systems support 
only the first two stages.

 In stage 1, default GIS symbology (a red line) is assigned to the 
linear features, and in stage 2, a dashed line symbol is applied, as this 
is the typical line pattern used in cartographic products for tracks. 
This GIS symbolization falls short of many cartographic require-
ments because the poorly symbolized line intersections and bends 
(highlighted by the red circles) lead to ambiguity as to where the 
tracks start and end.
 Stage 3 shows how the new representation capabilities can auto-
matically produce better symbology at line intersections by adjusting 
the line dash pattern to ensure intentional (half-dash) connections at 
the ends of all such line features. Stage 4 shows how the cartographer 
using this improved representation as a starting point can further per-
fect it by forcing the center of a dash to be placed at the sharp bend 
in the track in the northeast corner. This modification is stored in the 
database as an override to the representation geometry.
 Stage 5 shows the ultimate graphic freedom from the rules, where 
the cartographer has decided to change the color of some of the 
dashes and delete one dash from the other track. However, this “free 
representation” is still closely associated with the original feature.

Representation Storage
Physically, a cartographic representation adds two additional columns 
to a standard ArcGIS feature class table within the spatial database. 
The source feature class stores point, line, or polygon geometries, as 
well as a set of additional attribute columns used for mapping, analy-
sis, and data management. The cartographic representation columns 
store data that defines the representation rule used to symbolize a fea-
ture. They also store cartographic overrides, which are exceptions to 
the representation rule for a given feature.
 A representation system design premise was to avoid unnecessary 
duplication of data. Therefore, the extra columns that hold carto-
graphic representations and overrides are minimal in size, and wher-
ever possible, the representation information is derived dynamically 
from the existing GIS feature as it is needed. The structures used to 
hold overrides are flexible enough not to require separate columns for 
individual overrides.

Representation Rules
Each cartographic representation added to a feature class can refer 
to different rules for subsets of features within the feature class. For 
example, a roads feature class will typically have different rules for 
streets; first-, second-, and third-class highways; and freeways. It may 
also have variant rules for highways on bridges or in tunnels or for 
unique circumstances not normally part of the standard data model, 
such as a highway temporarily interrupted by a fair.
 Rules are made up of one or more visual layers, each of which 
starts from the feature shape geometry and has an optional chain of 
geometric effects and placement styles that are applied dynamically 
prior to rendering with a basic symbol (marker, stroke, or fill). 
 Figure 2 shows the data flows during symbolization of a carto-
graphic representation added to a GIS line feature. The shape field 
of the feature has a representation rule applied, which generates two 
visual layers, the first of which goes through two geometric effects 
(an offset to one side, then a dash pattern) before having a basic 
symbol (stroke) applied. The second layer has one effect applied (a 
marker placement pattern) before the basic symbol (animal marker) 
is applied. Figure 3 shows a typical visual result of such a rule.

Figure 1. Five stages of symbolization.

Figure 2. Drawing pipeline for representations with overrides.

Figure 3. Result of rep-
resentation rule.

Figure 4. Before and after cul-de-sac processing.

Figure 5: Representation properties.

Figure 6: Cartographic editing tools.

 Multiproduct case—In the next case, an organization has existing 
GIS data in a feature class and wants to use it to produce more than 
one high-quality cartographic product at similar scales. In this case, 
it adds a cartographic representation for each product to the single 
feature class (figure 9).

Figure 9. Multiple cartographic representations.

Figure 11. Multiscale DLM/DCM data flows.
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     Rules can also be set 
up to use any existing 
field in the database as 
an explicit representa-
tion field to control the 
feature representation 
appearance. Such field 
values can be set by 

geoprocessing processes, which can use the full power of the GIS 
toolkit to determine the need and calculate the required result. A 
typical and powerful example is the use of the topology engine from 
within a geoprocessing tool to find all the cul-de-sac roads and set a 
database field, which is then used to control their line end style to be 
square rather than round (figure 4).

Figure 7a. Rule-based represen-
tation of tunnel.

Figure 7b. Free representation 
of tunnel with edited dashes.

Cartographic Editing Tools
The introduction of focused cartographic representation editing tools 
(figure 6) allows cartographers who currently prefer to use graphic 
software to work even more efficiently in a GIS-based environment. 
For example, representation editing tools work similarly to tools 
found in common desktop graphic packages. Furthermore, many of 
the newly introduced tools are particularly efficient because they are 

 Landscape and cartographic case—In the third case, an organiza-
tion has a master database that is maintained to be true-to-ground 
and wants to use it to produce cartographic and noncartographic 
products (such as navigation routes for an in-car voice guidance 
system). We refer to this master as a digital landscape model (DLM). 
For cartographic production, the organization requires the extraction 
of requisite data from the DLM by selection and generalization into 
a digital cartographic model (DCM), which can then be enhanced 
with multiple representation capabilities as in the multiproduct case 
(figure 10).

Cartographic Environment
The cartographic representation and override capabilities described 
above fit into the rich and powerful ArcGIS environment, and car-
tographers can take advantage of GIS capabilities for topology, 
geoprocessing (e.g., generalization), layout, 3D, etc.
 The market-leading Maplex text placement application has been 
reengineered and built into ArcGIS as a label placement engine 
(figure 12). This can greatly reduce the previously labor-intensive 
task of generating and positioning text for cartographic clarity. In 9.2, 
there are substantial improvements to labeling and leader placement, 
and development will continue on specialist labeling strategies, such 
as contour laddering.

Figure 12. Text placed by the Maplex engine. Data ©HarperCollins.

designed with specific cartographic tasks in mind. Editing of repre-
sentations takes place within the same versioned editing environment 
supported by ArcGIS for editing vector feature classes so users have 
undo/redo capabilities available.

Cartographic Data Models and Workflows
The workflow and data model best suited for cartographic production 
will vary considerably between organizations. The following sections 
outline different cases covering increasing levels of complexity.

Simple workflow case—In the simplest case, an organization has 
existing GIS data in a feature class and wants to use it to produce a 
high-quality cartographic product. In this case, it adds a cartographic 
representation to the feature class (figure 8).

Figure 8. Simple 
case—existing 
feature class.

 Enterprise strategy case—Figure 11 gives an outline of a future 
large-enterprise workflow that extends the DLM/DCM case to where 
multiple products of different types at different scales are to be pro-
duced dynamically. Here, the data flow must encompass both model 
generalization (deriving landscape model features at coarser resolu-
tion by selection, aggregation, and simplification), and cartographic 
generalization (deriving visually appropriate features by applying 
displacement, exaggeration, and typification), taking into account 
the symbolization widths and sizes. Such automated and incremen-
tal generalization is challenging, but ESRI is working on providing 
appropriate tools within the ArcGIS geoprocessing framework.
 Once cartographic data appropriate to the scale band has been 
derived, then the multiple representation and override capabilities 
can be applied. These handle the symbology requirements and geo-
metric differences for the product specifications needed to produce 
the various products. 

 Cartographers can also take advantage of other extensions and lay-
ered products in the ESRI software suite. In particular, the Production 
Line Tool Set (PLTS) provides a software layer on top of ArcGIS to 
automate and optimize the cartographic workflow and the daily tasks 
of operators. It provides a set of interactive toolbars and automated 
processes targeted directly at cartographic production. PLTS, using 
the underlying geodatabase, provides facilities for defining a map 
series, then generates the map sheets automatically with appropriate 
marginalia and titles. It can also create an atlas made up of multiple 
pages with overlaps and page grids. Styles, layouts, and marginalia 
for common civilian and defense mapping styles are provided. The 
approach of using the database not just for the feature data but also 
for layouts and product metadata is a key aspect of the database-cen-
tered development strategy.

Graphic Control and Visual Output
Underlying the cartographic visualization capabilities of ArcGIS is a 
powerful graphics output pipeline that handles stroking, filling, pat-
terning, color, priority, transparency, visibility, masking, and much 
more. It drives screen output, plotting, and graphic export formats. 
 The graphics pipeline supports powerful visualization capabilities, 
such as selective masking, that were previously only available in spe-
cialized graphics applications. Selective masking allows the user to 
specify a set of target layers to be masked or erased for each source 
polygon layer (figure 13). This can greatly increase cartographic clar-
ity, for example, by suppressing road casings where crossed by text 
without suppressing the road infill.

Figure 10. Landscape and car-
tographic data.

Exceptions to Rules—Overrides
Overrides allow the user to change the values used by the rules for an 
individual feature. In figure 2, the override field can modify the input 
shape, the properties of the geometric effects, or any of the graphic 
properties of the symbols. 
 A set of intuitive geometric and representation property-editing 
tools is provided for defining and modifying overrides, based on tools 
and palettes familiar to a user of desktop graphics packages (figures 5 
and 6). Figure 5 is the representation properties palette for a hedge 
line representation, using a pair of alternating symbols. It shows the 
range of graphic properties that can be overridden.

Free Representations
A further level of exception is provided by the ability to convert any 
representation into a free representation. This makes an inline copy of 
the rules affecting the particular representation so that the rules can be 
changed for this one feature. This can include a change of geometry 
type (e.g., area to point), the addition of new rules or symbol layers, 
or the introduction of arbitrary new graphics. Being able to extend 
the data model in this way gives freedom to successfully represent 
features with appearances too rich to model otherwise, such as a rail-
way siding area where the representation should just show a typified 
subset of lines indicating that “there are many railway lines here.” It 
also allows repositioning or suppression of individual graphic ele-
ments of the symbolization, such as individual dashes of a road tunnel 
to avoid important features at ground level, as in figures 7a and 7b.
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all areas of the geospatial industry.
 We are in a poor position to satisfy this demand 
for additional geospatial personnel since we have 
only a very vague notion of who we are and what—
in the aggregate—we are currently doing, let alone 
what is going to be required in the years to come. 
This fuzzy situation is reflected in the disarray cur-
rently seen in the geospatial activities of the higher 
education system, both at the community college 
and university levels. Unlike manufacturing indus-
tries where apprentice training is a significant source 
of workers, higher education has been and still is 
the primary source of new geospatial workers. Pres-
ently, far too many academic programs concentrate 
on imparting only basic skills in the manipulation of 
existing GIS software to the near exclusion of prob-
lem identification and solving; mastery of analytic 
geospatial tools; and critical topics in the fields of 
computer science, mathematics and statistics, and 
information technology.
 This state of supply-side disarray is not surprising 
given that existing academic geospatial programs 
have been established with little or no feedback 
from the geospatial industry to assist them in iden-
tifying the specific knowledge and skill sets that are 
required to support particular geospatial activities. 
The diverse levels of knowledge and skills pres-
ent in the existing geospatial workforce, coupled 
with the prospect of a strongly increasing demand 
for even more knowledgeable and skilled workers, 
have led to the development of strong concerns in 
both the geospatial industry and academia about 
sustaining and improving the quantity and qual-
ity of existing and future workforce components. 
To alleviate these concerns, steps must be taken in 
the very near future to establish a reliable stream of 
new entries to the geospatial workforce who are, in 
general, better qualified than in the past and whose 
numbers are more in line with developing estimates 
of the future demand for specific types of geospatial 
workers.

What Are the Perceived Problems
with the Geospatial Workforce?
The initial problem is that the concept of a “geospa-
tial industry,” centered upon a newly identified and 
rapidly growing and highly technical sector of the 
economy, has only recently emerged. Something 
beyond just a “GIS plus” concept, this sector encom-
passes a broad variety of activities focused upon the 
acquisition, management, manipulation, analysis, 
and visualization of spatial and spatio-temporal 
data. Its recent recognition is based, in large part, 
upon the rapid growth in geospatial applications 
that has occurred over the last 15 years in response 
to substantial developments in the critical primary 
spatial data acquisition area (GPS, remote sensing, 
surveying, etc.), geographic information systems, 
and the development of specialized geospatial ana-
lytic and visualization tools. These developments 
have been closely interwoven with contemporane-
ous advances in computer science and information 
technology.
 At present, the geospatial industry, because of 
its relative newness, lacks a comprehensive, global 
view of itself, its activities, and the workforce that 
supports these activities. Instead, we have a number 
of overlapping and often myopic views that reflect 
the views of individual organizations (both public 
and private) as well as, on the academic side, the 
traditional approaches of various disciplines. The 
effective integration of these varying, and only too 
frequently overlapping, views of what we do and 
how we go about doing it must represent a high 
priority. Without such a global view in hand, the 
difficulty of solving our second major problem—
that of identifying specific geospatial workforce 
components and defining the types and levels of 
knowledge, skills, and experience each component 
requires—is substantially increased.
 The existing geospatial workforce comes from a 
wide variety of backgrounds. Its heterogeneous char-
acter makes it extremely difficult for us to catego-
rize specific components of the workforce in terms 

of either required or desirable knowledge, skill, and 
experience levels. Many of the tasks that are under-
taken by geospatial workers cut across traditional 
disciplinary boundaries and require the integration 
of a number of knowledge and skill components. 
The geospatial analyst must, for example, be able to 
understand the manner in which the approach that 
was adopted to acquire the spatial data being used 
will impact the analytic results obtained “down-
stream.” Similarly, the individual who is engaged 
in primary spatial data acquisition activities must be 
knowledgeable about, and sensitive to, the require-
ments of the analytical users of the resultant spatial 
data.
 The growing importance of geospatial-based 
activities recently led the U.S. Department of Labor 
to identify the geospatial industry, together with 
13 other sectors, as the focus of its High-Growth 
Job Training Initiative. The 14 sectors were selected 
based on the following criteria:

(1) They are projected to add substantial numbers 
of new jobs to the economy or affect the growth of 
other industries, or 
(2) They are existing or emerging businesses being 
transformed by technology and innovation requir-
ing new skill sets for workers.

 In addition to the geospatial industry, only bio-
technology and nanotechnology were identified as 
being among the most important of these emerging 
and evolving fields (Gewin 2004). This represents 
an additional strong mandate to address these major 
geospatial workforce problems in a comprehensive 
fashion.

Why Do We Need to Know More
About the Existing Geospatial Workforce?
Identification and categorization of existing geo-
spatial workforce components will make it pos-
sible for us to generalize about such things as, for 
example, the relative demand for a particular type 
of worker versus the demand for the same type of 
worker in another part of the geospatial industry. 
We also would be able to make specific statements 
about, say, how the necessary entry-level knowl-
edge, skills, and experience differ between different 
types of geospatial worker (this type of information 
is, of course, critical to any effective restructuring of 
academic geospatial curricula). It also would permit 
more ready evaluation of the prior background and 
work experience of individuals who are seeking to 
change positions within the industry. Without an 
operational, structural model of both the geospatial 
industry and its workforce, we find ourselves in a 
weak position from which to address either the geo-
spatial industry’s future development or its related 
future workforce needs.
 Questions of how the existing geospatial work-
force is structured aside, we possess very little infor-
mation on critical demographic and other attributes 
of the workforce. These include such things as age, 
gender, and other differences within the geospatial 
workforce and the relative importance of foreign 
workers. Also, since we have a strong interest in 
things of a spatial nature, the spatial distribution of 
industry components, geospatial workers, and even 
users is of considerable interest.

What Are the Perceived Problems
with the Existing Geospatial Workforce?
There is a solution to both our quality and quantity 
problems, but any such program must be rooted 
in vitalizing and restructuring the relevant instruc-
tional programs in our system of higher education, 
including not only the colleges and universities 
but also community colleges. Because of the high 
level of technology encountered in the sector and 
the continuing rapid changes that are expected to 

occur in this technology, any such activity must also 
explicitly address the availability of continuing, in-
service professional and technical education for the 
existing members of the geospatial workforce. Such 
educational programs will require the coordinated 
efforts of academia, industry, and government, 
applied over a significant period of time, to attain 
the needed results.
 But what do we mean when we identify a need 
for “better-qualified” persons in the geospatial work-
force? Questions that have been repeatedly raised in 
this context have focused on two broad concerns. 
The first of these is a declining depth of both con-
ceptual knowledge and practical skills in the area of 
computer science/information technology among 
those individuals currently entering the geospatial 
workforce. For example, the potential utility of the 
modern GIS extends far beyond what is provided 
by the icons available on the default screen display. 
But this potential is likely to remain unrealized if the 
individual user of geospatial technology has only a 
minimal conceptual and operational knowledge of 
such things as databases, system design approaches, 
and the role of the operating system or is unable to 
respond to the notion of reconfiguring the avail-
able object modules with a bit of programming. 
While there is perhaps, in theory, a role for a limited 
number of “crank turners” in the geospatial industry, 
it would seem to be one area where the demand is 
very limited.
 The second major concern is one of breadth rather 
than depth and arises out of the broad scope of geo-
spatial activities and their generally high level of 
interdependence. As pointed out in an earlier exam-
ple, the geospatial analyst and the collector of geo-
spatial data cannot effectively operate in ignorance 
of what each other is attempting to accomplish and 
what limitations restrict their respective activities. In 
much the same way, those whose primary concern 
lies in the use of geospatial data and tools in prob-
lem solving must have an operational understand-
ing of what can and what cannot be accomplished 
within the context of current geospatial capabilities.
 Certainly, no one individual can become a spe-
cialist in all of the many technical areas that con-
tribute to the geospatial industry, but there is a 
significant need for a broader basic understanding of 
these among all workers in the geospatial industry. 
While difficult to accomplish, given existing edu-
cational approaches, the development of a “basic 
core” of common knowledge that is shared among 
all members of the geospatial workforce is a highly 
desirable goal.
 Given the substantial gap that exists between 
what we are currently capable of doing in the geo-
spatial realm and what we anticipate we will need 
to do in the near future, it is certain that the sub-
stantial pace of scientific and technical development 
within the geospatial industry will not only continue 
but will most likely accelerate substantially in the 
years to come. Those individuals who make up 
the geospatial workforce must be capable of deal-
ing with a continuing pattern of rapid change, as 
well as with the substantial challenge of adapting 
existing knowledge and tools to uses in a variety 
of new, complex situations. Thus, flexibility, spa-
tial problem identification and solving capabilities, 
and an above-average knowledge of computer and 
information science, as well as the ability to spend 
their careers in a near continuous learning mode, 
become critical characteristics at nearly all levels of 
the future geospatial workforce.

Addressing Our 
Geospatial Workforce Problem
Identifying that significant problems exist with 
respect to the geospatial workforce and establishing 
general goals for their resolution are certainly neces-
sary steps, but before moving on to define potential 
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operational solutions, we must have a clear notion 
of where it is we are going. Our present situation 
is made more complex since nearly all of what we 
currently know about the geospatial industry and 
its workforce components is basically anecdotal in 
nature. This brings to mind the classic tale of the 
blind men and the elephant and raises, in turn, a dif-
ficult question: how are we to determine the path (or 
paths) that will take us to our desired destination if 

could, if desired, be easily subdivided into activities 
associated with the primary acquisition, storage, and 
management of spatial data on the one hand and 
those who are focused on problem identification and 
resolution on the other. These three (or four if you 
choose) general areas not only generate specialized 
demands for workers with particular sets of skills 
and experience levels, but during periods of rapid 
technological change, workers in these areas 
need to be closely linked to each other by strong 
communication channels supporting technical 
interaction. Figure 1 illustrates this suggested 
structural view.
 In addition to the general areas identified above, 
there is a frequently overlooked but very critical 
supply-side component that must also be addressed 
when defining the scope of the geospatial work-
force. That is, the relevant educators and trainers 
whose combined efforts result in the creation of new 
entries into the geospatial workforce and in the con-
tinuing technical education and training of existing 
geospatial workers. Failure to explicitly consider the 
factors influencing the quantity and quality of these 
particular workers (“training the trainers,” etc.) can 
easily result in a significant, negative impact upon 
any geospatial workforce quality and quantity goals 
that may be established.

A Previous Definition of the
Geospatial Industry
Several years ago, it was suggested that the geospa-
tial industry be defined as

“... an information technology field of 
practice that acquires, manages, inter-
prets, integrates, displays, analyzes, 
or otherwise uses data focusing on 
the geographic, temporal, and spatial 
context as well as development and 
life-cycle management of informa-
tion technology tools to support the 
above.”1

 This older and rather awkward definition is more 
than a bit misleading since the geospatial industry, 
while a heavy user of information technology, is 
certainly not derived from that field and cannot real-
istically be considered to be a subdivision of infor-
mation technology (IT) any more than can, say, the 
modern banking industry. Referring to it as a “field 
of practice” produces a focus only on the “utiliza-
tion” aspect of the industry, and extending the defi-
nition to include the limited development of IT tools 
admits only a portion of the “tool construction and 
testing” aspect of our broader interests (it excludes, 
for example, the development of new remote-sens-
ing and surveying instruments). While the domain 
of discourse must be carefully defined, any work-
ing definition that we do adopt certainly needs to be 
far more representative of where we come from and 
what we do.

Toward Working Definitions
of the Geospatial Industry and Its Workforce
To hopefully initiate further discussion on the topic, 
let me suggest the following strawman definition of 
the geospatial industry. This draft definition needs to 
be discussed at some length, and modified as neces-
sary, by those involved in or having a major concern 
with the geospatial industry.

“The geospatial industry engages, at a 
variety of spatial scales, in the acquisition, 
integration, analysis, visualization, man-
agement, and distribution of data having 
an explicit spatial and temporal context. 
A critical component of the industry 
involves the design, construction, and 
testing of both hardware and software 
tools to support these activities. Because 
of the highly technical nature of the 
industry, it is also essential to include in a 
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we are not sure of where we are starting 
from?
     In attempting to approach any opera-
tional solution, it is apparent that a major 
difficulty arises from our lack of a well-
defined notion of the overall scope of 
the geospatial industry and its associated 
workforce. As an initial step, we need to 
agree upon a detailed geospatial industry 
domain description that is accepted by a 
majority of the interested parties. Lacking 
this common global definition, it becomes 
difficult to identify, let alone focus effec-
tively upon, specific components of the 

geospatial workforce.
 Such a detailed domain definition permits us 
when dealing with a specific organization (private 
or public) to be able to classify that organization as 
being, in terms of its activities, either fully or par-
tially involved with the geospatial industry. And, of 
course, we must be able to make similar decisions 
with respect to the components of that organization’s 
workforce. Is ESRI part of the geospatial industry? 
Is Jack Dangermond part of the geospatial work-

force? What about the people working in the ESRI 
Shipping Department? And what about all those 
who make up the ever-growing geospatial user 
community? Examining a large organization that 
has several thousand employees, we might identify, 
say, a GIS department of 25 persons that is serv-
ing an internal user community of perhaps 400. Do 
we include the GIS staff members and exclude the 
400 direct users? Do we include the 400 users and 
exclude the thousands of other employees? Without 
clear definitions, we are free to do almost anything 
that we want but then no two assessments will ever 
agree, and our knowledge of the geospatial industry 
will be as cloudy as ever.
 In developing working definitions of the scope 
of both the geospatial industry and its workforce, I 
would suggest that we recognize at the start the need 
to distinguish between (a) workers whose primary 
concern lies in the area of relevant knowledge 
generation and integration activities, (b) workers 
whose primary concern is with problems of tool 
development and testing, and (c) workers whose 
concern is primarily focused on the practical 
utilization of knowledge and tools. The latter area 
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Figure 13: Selective masking of black behind text.

 Work continues beyond 9.2 to revise the graph-
ics pipeline for greater performance, new func-
tions, and platform portability. It will improve 
handling of complex graphics primitives, such as 
the clipping and merging of patterned fill areas 
and, hence, reduce plot file sizes—particularly 
on output to intelligent plotting devices. Support 
is also planned for new document color models to 
provide a framework for CMYK, spot, and PAN-
TONE colors and facilitate the use of gradients and 
textures.

Conclusion
Advanced cartographic representation mechanisms 
and cartographic editing tools will be provided in 
ArcGIS 9.2. In conjunction with production auto-
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mation and graphics capabilities described previ-
ously, they will dramatically change the scope of 
automated cartography, facilitating the generation 
of multiple products from a central database. The 
human freedom enabled by the override system, 
combined with the symbolization rule pipeline, 
will permit high-quality attractive cartography 
within a database-centered environment.
 These mechanisms and tools are part of ESRI’s 
vision to provide a single, consistent, intuitive, 
efficient, and liberating mapping environment, 
used throughout the cartographic communication 
process. This environment is geodatabase cen-
tered, holding master data in addition to specifica-
tions, processes, and results of derived products. 
It releases cartographers from repetitive actions, 
while providing them with the freedom and tools 
to amplify their creativity and expression.
 For more information, contact Paul Hardy, ESRI 
(e-mail: phardy@esri.com). Note: The data used in 
figures 1, 4, 5, 7, and 13 is swisstopo VECTOR25, 
copyright Swiss Federal Office of Topography 
2006. Data for figure 12 is copyright HarperCol-
linsPublishers 2006.

Figure 1. Communication channels supporting 
technical interaction.


