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Abstract
For many areas of both the developed and developing world,
the spatially accurate data required to effectively support
environmental planning, resources management, and public
policy decision making do not exist. There are a variety af
reasons for this lack of map data. Mapping is neither easy or
cheap. Issues of both national security and national sover-
eignty are involved. There is a need to reinvigorate and ex-
pand our mapping progrcms to make them national in focus
but global in scope. It is also essential that a civil agency be
given a lead role in global mapping. There is a need to work
to break down the barriers that inhibit the open flow of map
information that does exist, garner the resources required to
fill in where there are gaps, and support efforts to increase
funding for research in mapping and spatial analysis. Nl
this must be done if we are to improve our understanding of
our rapidly changing world.

lntroduction
There is no Iack of issues for which spatially accurate global
data are required. Biodiversity, demography, deforestation,
desertification, freshwater, and poverty, all are important
(Htun, 1993). Important too are ecosystem health, human
health, air quality, and all the major issues involved in the
U.S. Global Change Research Program (USGCRP, 1993). A
major factor hindering research and applications oriented
studies of these issues today is that adequate maps do not
exist for many areas of the world. Depending upon scale,
thematic content, and timeliness, this is equally true for both
the developed and the developing world.

Many people find this hard to believe. Too often we as-
sume that the map we require exists, contains the informa-
tion we seek, is accurate, and is up-to-date. We must remind
ourselves, however, that information is dated when it is col-
lected, and maps resulting from such information can have
limited utility for certain types of studies, Some mapped in-
formation is more perishable than others, e.g., continental
outlines as opposed to forest clear-cutting. The value of data
is, many times, related to its currency. Mapping is an impor-
tant, complex, expensive, and time-consuming task that, we
believe, we are not performing today in an acceptable fash-
ion.

The term "map," as used in this paper, refers to both
digital and paper (analog) products. "Map" does not refer
solely to a standardized base cartographic product, such as a
U. S. Geological Survey (uscs), National Mapping Division
(NMD), 1:24,000-scale, 7.S-minute topographic map that has
been compiled to exact specifications, but applies as well to
what might typically be termed as "maps," e.9., charts,
sketches, and/or plans. The term "science-quality" is used in
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this paper to refer to maps whose linea€e is known and
traceable. In this context, "science-quality" means that, in so
far as both practical and possible, the errors inherent in the
overall production of these "maps" have been documented'
In this paper, scale may be referred to as a specific represent-
ative frici ion, e.g., 1:100,000. Scale also may be referred to
by association to a particular area of study. In this regard, the
following scales would generally apply:

Site = 1:10,000 or larger
Local  = 1:10,000 to 1:50,000
National/regional = 1:50,000 to 1:250'000
Continental = 1:250,000 to 1:1,000,000
Global = 1:1,000,000 or smaller.

The authors realize that scale can be confusing. Yet, one
more set of internal definitions is needed to help clarify
what follows. The reader should be aware that, when we say
high resolution datasets, we are talking about maps whose
scales would generally be in the range from 1:10,000 to
1:100,000; while low resolution datasets would generally be
in the range from 1:1,000,000 to 1:5,000,000 and smaller.

The myth that the world is "well mapped" is perpetu-
ated in a variety of subtle ways; from the road maps we us€,
to the atlases we possess. Just because people can use road
maps to guide them from one place to another does not mean
that those maps will accurately depict how many acres of ag-
riculturally aCtive land one will pass through. Nor will a
road map or an atlas typically provide information on timber
volumes. or how fast urban areas EIre qaining or losing popu-volumes, or how fast ur ining or losing popu-

bv the material we
volumes, or how tast urban areas EIre Sarnrng or loslng popu-
lation, The myth is further perpetuated by the material we
scc end read in news media and scientific literature concern-see and read in news media and scientific
ing the state of various parts of the Earth System: declining
forests, expanding deserts, or the loss of soil productivity -
and biological diversity. We may know how many acres of
old growth forest existed in the Pacific Northwest in, sa-y'- _
1985 - but we really need to know what the acreage of old
growth forest is today. How much reliance can we place- on
iny published figures? What are the current facts? The facts
are: we often really do not know.

Do we as individuals need science quality spatial infor-
mation for the Iand and coastal zone areas of the world?
Most of us might waffle on our own specific need for this
kind of data/information, or may only need such data for
specific areas of interest to us. Do we as a nation need this
kind of information? Most of us might say yes. Do we as a
nation have this kind of information? Most of us might say
yes. The right answer is, we do not currently have the types
of map data we require for either the U.S' or the world at
scales and accuracy and timeliness necessary to support op-

Photogrammetric Engineering & Remote Sensing,
vol. 60, No. 5, May 1994, pp. 577-524.

oosg -11 72 I S 4/600 1-5 1 7$o 3.00i0
O1994 American Society for Photogrammetry

and Remote Sensing

517



timun use in environmental planning, resources management
or in the public policy decision making process. Yet, deci-
sions still get made. Decisions based often on inadequate,
imperfect data. Results of such decisions can be seen all
arouncl us.

The Problem
With respect to the land surface of the globe, there is cur-
rently no comprehensive, coordinated, operational science
quality global measurement, mapping, monitoring, and mod-
eling program in existence (Estes ef aL.,1.992). A key feature
making this statement true is the inclusion of the word map-
ping. Today, no civil organization in the Federal government
of the United States has a global mapping charter; no civil
agency globally has the resources, or the backing of its re-
spective government, to aggressively develop a major, high
resolution, science based global scale mapping effort. The
facts are

o Large scale, science-based datasets do not exist for most of
the Earth at the present time, even in highly developed coun-
tries;

o Development of such datasets is labor intensive, in terms of
both scientific and technical personnel, and is, therefore, la-
bor expensive;

o Although such datasets could support a wide variety of use-
ful applications specific to a given locale, no single use can
generally justify the cost of their development;

. In many developing countries, even well-understood environ-
mental changes with local causes and effects, that in the ag-
gregate may represent a global concern, often have very low
priority with officials compared to such issues as food, health
care, and safety of the people. Global change issues and envi-
ronmental concerns are often treated as rumors from more
fortunate neighbors;

. In a number of countries, the high resolution datasets needed
by the world community are classified and are not permitted
to leave the country in anv form. In some instances where
such data are exchinged with "friendly" nations, restrictive
agreements limit access to these data; and

. Even in highly developed countries, where scientific under-
standing is widespread, it is often difficult to generate the po-
litical and financial support for the correction of widely
recognized environmental problems (Mooneyhan, 1993).

In many developing countries, even the most basic infor-
mation related to resources and the environment do not ex-
ist. In Thailand, detailed soils data exist only for the lands
that were deemed arable [rice producingJ some 50 years ago.
Therefore, much of the then-forested lands and all of the
hilly and mountainous regions have never been the subject
of a detailed soils survey. While these mountainous regions
may not be economically important for commercial agricul-
ture, they are the home of millions of "Hill Tribe" peoples
who practice subsistence agriculture to feed an exploding
population. This "slash and burn" agriculture is now on a
cycle of 7O to 72 years (sometimes less), and the result ing
deforestat ion and associated soi l  erosion have become major
environmental problems. Soil types and erodability informa-
tion, which are necessary to quantify the present condition
and predict future impacts on local and regional ecosystems
and/or the already marginal food supply of these "Hill Tribe"
peoples, are not known. Yet each year donor agencies spend
millions of dollars in Thailand and numerous other countries
to support hundreds of development projects that employ
modern technologies to improve economic productivity,
communications, education, and environmental monitoring
and assessment (often using satellite remote sensing and cls
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technology). None of these donors, however, seems inter-
ested in funding such a rather mundane project as a soil sur-
vey. The result is that, as of 1993, Thailand, a rather
advanced developing country, still has no detailed soils in-
formation for approximately one-third of its territory.

Thailand also can serve as an examDle of a second tvoe
of problem that complicates the acquisition of high .esolu^-
tion science quality datasets - the classification of certain
data for "internal use" only. Today, in Thailand, there are
topographic maps at 1:50,000-scale that have been developed
using modern techniques during the last two decades, How-
ever, these data and, in fact, all high resolution topographic
information are restricted bv militarv classification to "inter-
nal use" only and are not generally ivailable for use by Thai
resource planning and management agencies, or the interna-
tional science community.

Thailand is just one example but is, compared to some,
one of the more cooperative countries with respect to scien-
tific data availability. Some of the worst case examples are in
countries where entire data archives have been lost or de-
stroyed by actions during revolution, wars, and/or civil dis-
turbances. Examples include Cambodia, Laos, Afghanistan,
Liberia, Angola, Chad, Uganda, and Somalia. Other examples
are countries in which high resolution spatial (large scale
map) information and almost all information relative to the
physical and human environment has been under internal
embargo for decades. These include large areas of the world
that have been under communist rule for many vears, such
as what was the former USSR, Bulgaria, Romania, North Ko-
rea, the People's Republic of China, and Cuba. While the sit-
uation with respect to some of these nations seems to be
improving with recent changes, it could be decades before
information with verified reliability is available to the world
community for global research and applications oriented
studies.

There are still other countries that have high resolution
spatial information and the freedom to release it, but simply
choose not to share it with the international science commu-
nity. Both India and Brazil have been in this category for a
long time. Both now, however, seem to be relaxing their en-
vironmental data/information policies somewhat following
the United Nations Conference on Environmental and Devel-
opment (LINCED) meeting in Rio de Janeiro in 1992.

There also exist situations where a country is not con-
strained by either lack of resources or by data classification
policies, but simply does not place a high enough political
priority on long term environmental investments to cause
Iarge scale, science quality, baseline datasets to be generated
for general utility. Therefore, the information is not available
to either indigenous environmental planners, scientists, and/
or resource managers who are concerned with managing
change on a site, at a local or national scale, or the interna-
tional science community, which is concerned with change
on a regional, continental, or global scale. Most of the so
called "developed countries" fall in this category. Here in
the United States, as in most industrialized nations, Iarge
scale, site specific datasets are often senerated for one-time
studies or for the solution of a speciflc local problem. At
present, very few of these datasets ever make their way into
databases that can be'accessed by the interested community
at large. As a result, although much of an area may be cov-
ered, the coverage consists of data that is thematically in-
compatible both within a given theme or between themes,
was compiled at different scales, or was collectied in differ-
ent time series. The result is that the datasets that cover the
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area cannot be combined for larger area studies or applica-
tions. In addition, because these data often reside in non-net-
worked local databases (a map drawer in a planning agency
or on the agency's tape rack), the data for all practical pur-
poses are lost to the community. This is, in essence, the map
equivalent of the scientific gray literature or worse.

Another recent trend affecting access to map data today
is the move by a number of nations to operate their mapqing
agencies on a full cost recovery basis. The base cartographic
coverage of the United States, produced by usGsAIMD, is es-
sentially provided to the public at the marginal cost of filling
a user iequest. The move towards full cost recovery by other
nations is beginning to have an effect similar to that associ-
ated with the U.S.'s commercialization of the Satellite Land
Remote Sensing Program in 1984. Both developed and devel-
oping national resource planning, management, and environ-
mental agencies, and the scientific and educational
communities are finding it increasingly difficult to accom-
modate these new pricing policies and justify the costs asso-
ciated with the systematic acquisition of map coverages at
Iocal to national scales, let alone regional, continental, or
global. This situation appears of particular concern in areas
ihat once relied on former colonial powers for their mapping
needs.

As a result of all of this, more money continues to be
spent on the generation of site and local scale datasets than
might te needed to develop science quality baseline datasets
for an entire country. The loss to the community, however, is
far more than just the money. Many local projects (scientific
studies, environmental planning and resource management
decisions modelsl, with funding levels too Iow to produce
their own datasets, are either abandoned or poorly done. The
result is usually detrimental to the local environment and
coilectively to the global environment. In addition, large area
studies (either regional or global) continue to suffer for the
lack of high resolution information for (1) baseline model de-
velopment, (2) calibration of remote measurements, and (3)
verification of indices of change.

The authors are not the only individuals who recognize
the lack of data as a major problem for "global" science. Eric
Rodenburg, in Eyeless in GAIA (1992), writes: "Those who
seek data on the condition of the world's environment are
often shocked by the depth of ignorance they find." The au-
thors of the International Geosphere Biosphere Program's re-
port, relating giobal land-use and land-cover c!ange (Turner
et o1., f SgS), state that: "At present we are unable to answer
even the most basic questions, for example: Are the world's
deserts really spreading and if so why? Are population pres-
sures extending land uses, such as agriculture or settlement,
to areas that cannot sustain the uses? How are deforested
areas of land used, and what are the implications of these
different uses for the net emissions of greenhouse Easses?"

U.S. Global Change Program related documents seldom
mention the word mapping. In ranking observations and
measurements of variables important to the study of global
change or various time-scales, of the 68 variables mentioned,
the word map is used only once. Soil maps are important in
studying global change on decadal time frames (NASA, 19BB;
cnnS, rbozl. NASA (1988) also ranks the adequacy of infor-
mation with respect to these 68 variables. From these rank-
ings, it is readily apparent that those compiling the NASA
(r9Bs) report also did not feel that good land baseline data
exist for ihe study of global change. In addition, the prepar-
ers of the CEES ti992) report realized that information with
respect to these variables was (1) already dated, (2) that new

PE&RS

variables needed to be added, and (s) that the information
was held by a wide variety of institutions and organizations.
The CEES (rOOzJ report states that, while at f irst glance the
holding of information by U'S' fedela! agencies on the varia-
bles important to the study of global change may appear ex-
tensive, total holdings are "". far from adequate." For
example, non-satelliie data sources in the table-are usually
"onlylocal, not global" and satellite sources, while "usually
more global, span only limited periods of time" (CEES'
1SS2) .

Today, then, we find that specific information on the
status of mapping the globe is scarce and found in widely
scattered sources (e.g., NASA, 19BB; United Nations, 1990;
CEES, 1992; Wolf and Wingham, 1992; Townshend, 1992).
From these sources we Iearn that as of 1987 only 33.3 per-
cent of the world's land surface area was covered by topo-
graphic maps at a scale larger than 1:25,000 (see Figure- 1).
bniv so.1 percent of the world's land surface is covered at
scalls larger than 1:50,000 and 58'9 percent at scales larger-
than t:t0-0,000, while some 90.2 percent is covered at a scale
of 1:250,000 fUnited Nations, 1990). Neither the currency nor
the accuracy of this coverage is directly addressed' We are
told, howev-er, that as of 1968 only 7.7 percent of the world's
land surface was covered at 1:25,000 scale or greatet;23.4
percent  at  1:50,000 scale;  38.2 percent  at -1:100,000 scale;  and-81 

percent at 1:250,000 scale. So it would appear that slow,
steidy progress is being made.

A iut""y of global digital evaluation data done by Wolf
and Wingham 116oz) resulted in the first ".-,global inventory
of digitafelevation data stocks of known reliability." These
authors conducted a survey that they report as ",..accurate
over 11 percent of the Earth's surface, and shows data held
for 10 oercent of the Earth's surface area." The authors go on
to state that, "For 11 percent of the surface area of the Earth
the status of data is known, for the remaining BO percent the
status is unknown" (Wolf and Wingham, 1992). If we take
the potential for significant changes to occur over time, this
aireidy small number is reduced even further.

Whllu u number of global scale thematic datasets have
been developed for land cover, there is little agreement
among primary sources and a distinct lack of information
upon-which to judge the accuracy of the data. While existing
rourc"t have proven to be "useful f irst-order delineations of
Iand cover" (Townshend, 1992), they are basically unrelia-
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Figure 2. Variations in estimates of global land-cover
classes based on calculations from cartographic sources,
Differences in the total cover relate to the inclusion or ex-
clusion of categories such as ice flelds and deserts (fown-
shend, 1992).

ble. As seen in Figure 2 from Townshend {1992), compari-
sons of these global land-cover classifications for the period
1954 to 1985 show variations of as much as 100 percent in
major cover types (e.g,, forests) among different sources.
Townshend (1992) goes on to state that the "... shortcomings
of these cartographic approaches suggest the strong need to
develop land-cover datasets derived from remotely sensed
data."

Discussion
Science quality, global land surface cover maps are impor-
tant for a number of reasons. If we are asked to maintain cur-
rent global environmental conditions to look for subtle
changes, it would seem logical that we would need a map of
the areal extent of key components of the Earth System as a
baseline. If the global change science community continues
to take point measurements of key environmental parame-
ters, e.g., biomass, carbon loading, and albedo (CEES,1992J,
then there is a need to areally extrapolate these measure-
ments to gain global predictions for specific cover type
classes. The error terms associated with areal extent of global
Iand-cover types today far exceed the errors in precision
with which many land-related global change measurements
are made, In addition, if point measurements of such param-
eters are to adequately represent the universe being sampled,
then for some of these measured parameters areal extent and
spatial distribution information is critical to derive meaning-
ful sample designs. Yet, today, we appear primarily focused
on the making of measurements, not the refining of maps'

Let us illustrate by a recently published example how
global land-use estimates have been developed. Information
ihown in Table 1 is extracted from a publication by I.F.
Richards in a 1990 book, Tfie Transformation of the Earth by
Human Actions, edited by Billie Lee Turner. Table 1 illus-
trates both the changes in percent and changes in area of
several classes of vegetation cover at a global scale for the
period 1700-1980. The table in Richards (19901, from which
ihis information is derived, provides data on changes for ten
regions for three aggregate vegetation types: Forests and
woodlands, grasslands and pasture, and croplands, which
combine to give the global figures.
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It is instructive to read how these figures were derived.
Richards (1990) states that: These are estimated figures ar-
rived at by "assigning" areas of natural vegetation to all
world regions, then reducing that vegetation by the "as-
sumed" area of agriculture in 1700, The area of agriculture
was calculated by "estimating" the areal extent of agriculture
in each region "on the basis of population estimates" in C.
Mc Evdy and R. Jones, 7978 Ailas of World Population His-
fory, Penguin Books, Middlesex, England. The remaining val-
ues in Richards (1990) are said to be taken from World
Resources Institute, 1987 Woild Resources, Table 18.3, "Land
Use, 1850-1980," Basic Books, New York. R.A. Houghton and
David Skole provided the "modeled" values for this table for
the report. The source material for the table was derived
from four sets of information. These sets included maps of
natural vegetation, population size, and growth data for the
period 1700-1980; Iiterature on historical Iand use and land
cover; and recent (post 1950) Iand-use data collected by the
Food and Agricultural Organization of the United Nations.
Richards (1990) goes on to state that the forcing function in
Iand conversion was "presumed" to be expansion of seden-
tary agriculture. The expansion of agriculture took land from
natural ecosystems in "direct proportion" to its area. The
model also presumes change to be generally linear" (Rich-
ards, 1990).

The last paragraph of the note at the bottom of the table
(Table 10-1) in Richards (1990), from which the information
in Table 1 is extracted, is worth quoting here: "Despite its
obvious limitations, this model estimate is the most plausible
scenario of the land use change that we possess at a global
scale. Until much more detailed work is done aimed at quan-
tifying changes in land over time, world region by world re-
gion, we can do little more than this." This quotation sums
our feelings up very well.

The question we have is how long into the future will
we still be saying this type of thing? Why aren't we doing
more to establish baselines now? There is some work going
on here - notably, the International Geosphere Biosphere
Programme, Data and Information Systems (lcnr-ols) global
land data project, and the U.S. Geological Survey (uscs)
ERos Data Center's (anc) global land-cover characterization
activities. These are important, but they are in an early stage,
not sufficiently funded nor staffed, and the work is at a reso-
Iution too coarse for many site, local, and national level
needs. What is required is agency and international support
and coordination to produce and keep cunent high resolu-
tion science quality datasets. We have the tools. We have the
technology. Yet, we continue to lack the ability to influence

TneLE 1. GLoBAL LAND-Use 1700-1980 Cnnruee

Vegetation
Types
(mkm'z) Area (104 km'?J Percentage Area

18s0 7920 19s0 1980 1700-1980
596s 5678 s389 5053 -r8.7%

6837 6748 6780 6788 - 1.0o/o

537 913 7170 1501 + 466.40/0

1700
Forests and 6215

Woodlands
11.62 mkm,

Grasslands and 6860
Pasture
0.72 mkm2

Croplands 265
12.36 mkmz

Source: Richards, 1990.
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Plate 1. 1:24,000-scale topographic maps. Status by age of 53,796 maps as of 20 April 1993.

key policy makers to provide the resources and develop the
infrastructure to accomplish the task.

We, as a nation, shbdd not take comfort in the current
state of our own mapping. By 1990, the National Mapping
Division (NMo) of the U.S. Geological Survey had completed
the 1:24,000-scale topographic quadrangle map coverage of
the United States, excluding Alaska. Yet as of April 1993
only 14 percent of the area of the United States is covered
with 1:24,000-scale maps that are less than 10 years old,
while g percent of the United States is covered by 1:24,000-
scale maps more than 40 years old (see Plate 1). As of |une
1993 only 11 percent of the United States is covered by digi-
tal base cartographic products (see Table 2), while there are
variations in the coverage by specific data layers. At a scale
of 1;100,000, 65 percent of the country is covered by digital
cartographic products from the U.S. Geological Survey, while
100 percent of the U.S. is covered at scales of 1:250,000 (Ta-
ble 2) .

This should not be read as an indictment of the NMD or
other agencies such as the Environmental Protection Agency
(nna), or the U.S. Department of Agriculture's (uson) Soil
Conservation Service (scs). Those of us who have worked
with NMD and personnel from other agencies involved in
map production know that these persons are trying to do
their best within the constraints of a system where policy
makers often do not truly appreciate the difficulties inherent
in the cartographic process. It is also true that upper agency
management appears, by and large, to either misunderstand
or fails to comprehend the range of scientific, technical,
managerial, and policy issues involved in mapping a country
the size of the United States. A number of personnel in these
agencies and organizations are doing what they can to dispel
the mapping myths that are commonly held by their manage-

PE&RS

ment, the Administration, and Congress but they are con-
strained by the system in which they operate. They need all
of our help, We may disagree with some of the specific
things Federal agencies and others are trying to do, but at
Ieast they are trying. And some are trying very hard.

The United States has endorsed the concept of a national
spatial data infrastructure (NsoI) (National Research Council,
1993). We have a Federal Geographic Data Committee (FGDC)
Iooking at ways to improve this infrastructure. The rGDC dis-
cusses the concept of a national spatial data framework
(FGDC, in preparation), a concept where within given stan-
dards various scales of maps can be nested to form a mosaic
of multi-scalar digital, thematic coverages for the United
States. Why aren't we, as a nation, pursuing the same tack on
a global scale? It is equally important. The national security
of our nation and the environmental well-being of all people
argue that a global spatial data infrastructure and a world
geographic data committee should be established and that
global baseline mapping at high resolution should be pur-
sued.

Why do we currently find ourselves in this position?
Why, with all the technological advancements that we have
made, do we still lack globil baselines of large scale land
surface information? The answers to these questions are not
complex, and yet they are not simple either,

The production of maps is a complex and expensive
task. Today, the average cost to produce a 1:24,000-scale
USGS quadrangle map is some $40,000. There are some
55,000 of these maps in the conterminous U.S. and Hawaii.
Some 1,000 man hours of labor are required in the produc-
tion process. It costs the USGS some $20,000 to completely
revise a 1:250,000-scale map. So, mapping is not easy and it
is not cheap. On the research side, we could easily expend
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other nations are even more restrictive with respect to access
to their maps than we are. We must remember that maps
have multiple uses. Because one major use of maps relates to
military operations, nations around the world treat maps as
crit ical national security assets.

The Mapping Paradox
Yet, there is a growing recognition that the environmental
and/or economic health of nations are also factors affecting
our national security. Indeed, the recently passed Land Re-
mote Sensing Policy Act of 1992 (Public Law 102-555), Sec-
tion 2. [1), finds: "The continuous collection and utilization
of land remote sensing data from space are of major benefit
in studying and understanding human impacts on the global
environment, in managing the Earth's natural resources, in
carrying out national security functions, and in planning and
conducting many other activities of scientific, economic, and
social importance." While an image from a satellite is not a
map, it is important to note that mapping can and is being
done from satellite systems. It is significant that P.L. 102-555
puts understanding of human impacts on our global environ-
ment and management of the Earth's natural resources on a
par with national security. This, along with other items such
as the Vice President's book, Eorffi in the Balance (Gore,
1993), signals a growing awareness of the importance of un-
derstanding of the Earth as a system on the part of the
Administration and the Congress.

The economic and environmental health of all the
world's nations are key factors affecting the national security
of the United States. Better maps depicting a wide variety of
themes are a fundamental requirement if we are to improve
our economic well being, environmental quality, and man-
agement of our nation and the Earth as a whole. Yet, when
the reasons for our lack of maps are examined carefully,
other than non-existence, we find that national security is
the malor factor inhibiting access to map products. Thus, we
have a paradox. We need large scale, science-based maps to
improve our understanding of the Earth as an integrated sys-
tem, plan the wise use of the resources base of nations, and
assess and monitor environmental quality at scales from lo-
cal to global. Improvements in environmental quality and the
economic well-being of nations around the world can en-
hance the quality of life and improve global economic condi-
tions. These factors can have the effect of improving our
national security. On the other hand, the widespread availa-
bil i ty of large scale, science-based maps can represent a tacti-
cal mil itary threat. It cannot be denied that maps have
played, and will continue to play, a key role in military op-
erations. Yet, the problems associated with the management
of the Earth as a global community are much more complex
than those associated with specific military actions. Control
of the flow of information has value in specific tactical mili-
tary situations. Yet, this control to be effective must apply to
maps in general as it is diff icult to predict where advantages
in specific knowledge will be significant. Such controls,
however, represent restrictions that inhibit scientists, plan-
ners, and resource managers as they attempt to improve our
general level of understanding of the global system, search
for the environmental iridices that facilitate early detection of
global change, and try to model those environmental factors
that can iead to a more sustainable future. So we have the
mapping paradox - the classic double edged sword. Maps
used one way can improve national security, but used an-
other way are a threat to nationa] security.

One approach to this paradox might be that we should
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the budget of a national lab on a globai mapping activity. We
are not suggesting that a national, lab do the job, we are only
indicating what we believe is the relative magnitude of the
resource requrreo.

That there is considerable research left to do in mapping
cannot be denied. We have not even come close to answering
the basic questions in cartography associated with error/ac-
curacy, scale, or t ime, to name a few (Estes ef al., 1993).
Morrison (1993) states: "...the abil ity to visualize intangibles
can create a new era for cartographers to explore and re-
search." Such research is made all the more urgent by the
rapidly expanding use of geographic information system (cls)
technology. clss are dependent on the accuracy and currency
of the base cartographic products that form the foundation of
each system's database. As use of these systems expands,
more of us are coming to realize that the basic data we re-
quire are either not there, not current, or not in a form which
we can readily utilize. GIS will increasingly drive the de-
mand for larger scale resolution map products.

As previously stated, there is currently no civil U.S.
Government agency with an international land related map-
ping charter. In the United States, the Defense Mapping
Agency has the charter to map foreign nations for U.S. Gov-
ernment use. We are, therefore, largely dependent upon the
military and/or intelligence communities of our orvn and
other countries for access to large scale, science quality map-
ping products of foreign nations. Again, as stated earlier,
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have such maps, but access to them should be restricted.
This is the intelligence community model. The intelligence
community wants to control access to data/information.
There are good and valid reasons for this position. These rea-
sons include the reduction in potential threats to the securiiy
of a nation by not allowing other nations, or in some cases
even their own nationals, access to maps of sufficient quality
to support terrorist or military operations. If we agree that in-
formation and the control of its flow to decision makers rep-
resents power, we have another reason for controlling access
to information. We should be aware here that, from a deci-
sion maker's standpoint, the concept of plausible deniability
applies in a very real way. If someone does not know, or
cannot prove, that a decision-maker has access to a critical
piece of knowledge when a decision is made, the decision
maker has a better chance of not being held directly respon-
sible for unintended or intended consequences that might
flow from that decision. This conceot has served rulers and
polit icians well throughout history.

Another major problem is how we deal with the reality
that data/information concerning resources and our environ-
ment is a basis for power. The inteiligence community
knows data are power, but so also do international organiza-
tions, civil agencies, academics, industries, and non-govern-
mentai organizations. How do we convince the affected
oarties - all of us - that the problems associated with un-
derstanding the Earth as a systbm are so critical that we must
break down the barriers to the develooment and flow of sci-
ence quality information? Barriers to open the flow of data
we face today inhibit our understanding of our global re-
source base and the factors that affect the quality of our envi-
ronment. We need open access to map products on a global
scale,

Recommendations
Governments typically engage in programs of systematic
mapping in response to a wide variety of national, regional,
and Iocal needs - mil itary, administrative, socio-economic,
and environmental. The Federal agencies we most often deal
with are trying, within the limitations of their charters and
their resources, to support the spatial analysis user commu-
nity. Yet, when we compare the need with current activity,
we conclude that changes must occur. We must have better
map products in support of a wide variety of spatial data
users. Agencies must be given expanded charters and signifi-
cantly increased resources if we are to improve the quantity,
quality, and spatial coverage of our mapping and help to re-
duce our current ignorance regarding important local, re-
gional, national, and global conditions.

Most of all, we must reinvigorate our national mapping
community. A U.S. civil agency must be given the lead in
global environmental mapping and the resources to do the
job. We recommend that this agency be the National Map-
ping Division of the USGS. NMD shouid be chartered with the
task of Ieading coordinated Federal research, development,
and operational global mapping activities. This lead should
be accomplished with advice from the National Academy of
Science and professional societies, and should enlist the tal-
ents of personnel in other Federal agencies, academia, and
private industry. This effort should also interface with and
support, to the extent practical, international mapping efforts.

In addition, we believe we must
o Begin to develop a set of specifications for baseline, country

level,spatial information;
o Encourage international donor and national scientific, map-
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ping, and environrnental agencies and non-governmental or-
ganizations to work toward the production of internally
consistent datasets on a country level basis; and

o Study the feasibility of the establishment of a global spatial
data framework where, given certain standards, various scales
of thematic maps can be nested to form a complete mosaic of
mult i-scalar, digital coverages for the globe.

To carry this work forward, leading international inter-
governmental and national aid agencies (e.8., UNEP, UNDP,
World Bank, etc.) should be encouraged to establ ish a com-
mittee to

o Exarnine the concept of and make recommendations leading
towards the establishment of a globai spatial data frame-
works, a framework in which all mapped data are widely and
completely disclosed to the public; and

o Develop a set of specifications for the development of glob-
ally consistent country-level baseline datasets needed for en-
vironmental assessments and sustainable development.

Final ly, every effort should be made to communicate to
the public, pol i t ic ians and pol icy makers, key agency person-
nel, the science community, and private industry that (1)

spatial information/maps currently needed to ful ly support
environmental planning and resource management efforts are
lacking in most parts of the world; (2) there is a great deal of
science st i l l  to do in mapping spatial ly specif ic, environmen-
tal development and resoulce management information that
deserves support;  and (3) improved mapping of basel ine en-
vironmental information, even rvith today's advanced tech-
nologies, remains a dif f icult  task. In today's rapidly changing
world, an improved understanding of the del icate balance
between economic development and environmental security
on both the local and global levels is essential.  Can we
achieve this balance? Can each of us

o Rise above our work in our "own personal perfect pixel pack-
ages" and actively support the broader interests of the com-
munity by pushing for more global scale coordination in
mapping and the establ ishment of global standards for the
production of specif ic types of map data;

o Look beyond pursuit  of the latest technological "f lavor of the
day" (read: where the bucks are) and work to help create
more emphasis on expanded operations and charters for map-
ping agencies as well  as science and technology and research
and development in spatial analysis, mapping, and related
sciences: and

r Help break through the mapping paradox and balance the sci-
enti f ic need to understand the Earth as a system, with the
need to protect national security and maintain national sover-
eignty?

We hope we can, for al l  of our sakes.
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