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Abstract: This paper describes techniques to compute and map dasymetric population densities
and to areally interpolate census data using dasymetrically derived population weights. These tech-
niques are demonstrated with 1980-2000 census data from the 13-county Atlanta metropolitan area.
Land-use/land-cover data derived from remotely sensed satellite imagery were used to determine
the areal extent of populated areas, which in turn served as the denominator for dasymetric popula-
tion density computations at the census tract level. The dasymetric method accounts for the spatial
distribution of population within administrative areas, yielding more precise population density
estimates than the choroplethic method, while graphically representing the geographic distribution
of populations. In order to areally interpolate census data from one set of census tract boundaries
to another, the percentages of populated areas affected by boundary changes in each affected tract
were used as adjustment weights for census data at the census tract level, where census tract boundary
shifts made temporal data comparisons difficult. This method of areal interpolation made it possible
to represent three years of census data (1980, 1990, and 2000) in one set of common census tracts
(1990). Accuracy assessment of the dasymetrically derived adjustment weights indicated a satisfactory
level of accuracy. Dasymetrically derived areal interpolation weights can be applied to any type of
geographic boundary re-aggregation, such as from census tracts to zip code tabulation areas, from
census tracts to local school districts, from zip code areas to telephone exchange prefix areas, and

for electoral redistricting.

Introduction

he purpose of this paper is to discuss

a dasymetric method for computing

population densities, using a geographic
information system (GIS) and remotely sensed
satellite imagery, and to illustrate the use of dasy-
metrically derived population densities for areal
interpolation of statistical data. Examples of the
use of these techniques will be presented from the
metropolitan Atlanta, Georgia, area, using data
from 1980 through 2000.

Population mapping generally has two purposes—to
cartographically portray the extent and density of
population across an area of interest and to derive
quantitative estimates of population density for
use in subsequent spatial analytical modeling
tasks (Langford 2003). Computing population
density requires the standardization of population
census data by enumeration areas. The usual manner
of computing population density is to divide the
total population for a given enumeration area by
its total land area. This is easily accomplished in a
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GIS, which can also display the results in the form
of choroplethic maps. Most map users are familiar
with, and can easily interpret, choroplethic maps,
which also make it easy to compare population
densities across areas.

Despite these advantages, several problems are
inherent in computing and displaying population
densities in this manner (Langford 2003). First, the
traditional choroplethic method is subject to the
Modifiable Areal Unit Problem or MAUP (Openshaw
1984), as it does not account for potential varia-
tions in density due to scale and boundary effects.
A change in the areal extent of a given enumeration
area will result in a change in population density,
due to changes in land area and population within
that area. Furthermore, the population density
for a given area will vary depending on how the
boundary of the enumeration area is delineated.
A second limitation of choroplethic maps is that
they give the impression of abrupt changes at the
boundaries of administrative areas (such as counties
or census tracts), while representing population as
a continuous variable across the entire land area.
Population, comprised of individuals, is not a con-
tinuous phenomenon; however, population density,
which is the number of persons per unit area, is
continuous, because a value of population density
can be estimated for each discrete location. The
traditional manner of population density computa-
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tion yields positive values for population density at
all locations.! The traditional manner of computing
population density overestimates population density
in unpopulated and sparsely populated areas, and it
underestimates population density in more-densely
populated areas.

Dasymetric mapping, like choroplethic mapping,
is an area-based cartographic technique. The major
difference is that choropleth maps are based upon
existing administrative boundaries that are indepen-
dent of the phenomena to be mapped, whereas in
dasymetric maps the boundaries of the phenomenon’s
distribution are revealed. In dasymetric mapping,
the original administrative areas (or source zones)
are divided into smaller spatial units, onto which
the socio-demographic variable of interest (e.g.,
population) is averaged to obtain a rate, such as
population density. These smaller spatial units
are areas estimated to contain population, usually
through the application of ancillary land-use data,
often acquired through classification of remotely
sensed satellite images. This technique is based
on an explicit recognition of the fact that certain
areas within an administrative area are populated,
while others are not (Wright 1936)2. The smaller
spatial units used in dasymetric mapping have
greater interval consistency (i.e., less variation) in
the density of the variable being mapped. Although
some internal variation will remain, it will be less
than in a choroplethic map.

Dasymetric mapping is also vulnerable to the
MAUP, and it still results in abrupt transitions at
zonal boundaries. However, with dasymetric map-
ping, these transitions are a better reflection of the
true underlying geography of the area than the
transitions in choroplethic maps, which are artifacts
partially attributable to the arbitrary delineation of
areal boundaries (Langford 2003).

This limitation of dasymetric mapping is offset by
the technique’s better visualizations of population
patterns, due to the high degree of spatial disag-
gregation that can be achieved, especially if high
spatial resolution satellite imagery is used as the
basis for ancillary land-use data. The technique
also offers more precise estimates of population

density for use in analytical procedures, such as
areal interpolation (discussed below).” Fisher and
Langford (1995) have shown that the use of dasy-
metric population densities result in highly accurate
areally interpolated data estimates.*

Areal interpolation is closely related to dasymetric
mapping of population densities. Areal interpo-
lation (also called cross-area estimation) involves
the transformation of data from one areal unit, or
zonation, to another (Fisher and Langford 1996).
Areal interpolation can be accomplished through
simple areal weighting, pycnophylactic interpola-
tion (Tobler 1979), population-weighted centroids
with a distance decay function (Martin 1989; 1996),
a regression-based modeling approach (Langford
et al. 1991; Yuan et al. 1998), or dasymetric map-
ping techniques (Langford and Unwin 1994; Eicher
and Brewer 2001; Fisher and Langford 1995; 1996;
Langford 2003).°

Data are often collected and reported by admin-
istrative areas that are either designed for the con-
venience of data collection (but are not necessarily
meaningful for analysis), or that change over time
(Martin et al. 2002), limiting temporal analyses of
a particular phenomenon. In these situations, it
may be desirable to represent the same data in dif-
ferent administrative units (e.g., in census tracts in
lieu of zip codes). In other situations, data for some
variables may be reported in one type of areal unit,
while other data variables are reported in another,
perhaps incompatible, type of areal unit. In such
situations, data sets should be normalized to the
same type of compatible areal unit, through areal
interpolation.

Objectives

This paper describes our efforts to derive dasy-
metric population densities for areally interpolat-
ing census tract level data from 1980, 1990, and
2000 to a common set of census tract boundaries.
The areal interpolation was necessary in order
to examine temporal trends in socioeconomic
data. These efforts were part of a larger research
project (Holt 2003) that examined the association

! This applies only to areal units that are populated. An example of an exception to this statement is a census block which is unpopulated,

and hence has a population density of zero.

2 Wright (1936) notes that the name “dasymetric” map, meaning “density measuring” (Wright, p. 104) originated in Russia, although Wright
does not give a citation for that information. It can be assumed, therefore, that Wright was not the first person to develop the concept
of the dasymetric map; rather, he was the first to publish an article on dasymetric maps in an English-language journal.

% Holloway et al (1996) argue that dasymetric mapping can be applied to other socioeconomic variables, such as race, religion, income, etc.

* Crampton (2004) presents a detailed historical overview and conceptual comparison of choroplethic and dasymetric maps and argues for increased

usage of dasymetric maps.

5 Gotway and Young (2002) present an in-depth discussion of incompatible spatial data and methodologies for integrating spatially dis-

parate data.
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Figure 1. Metropolitan Atlanta study area. a) County boundaries; b) 1980 Census tract boundaries; c) 1990 Census tract
boundaries; and d) 2000 Census tract boundaries.
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between tract-level socioeconomic characteristics
and health outcomes, for the 13-county Atlanta,
Georgia, metropolitan area (Figure la). In 1980,
the 13-county Metropolitan Atlanta area was com-
prised of 339 census tracts (Figure 1b); in 1990,
this increased to 444 census tracts (Figure lc),
and in 2000, to 589 census tracts (Figure 1d), an
increase of 74 percent.

In many cases, the new census tracts were created
by simply splitting existing tracts; in some cases, the
creation of new tracts involved minor adjustments
to existing tract boundaries. Even when new tracts
were not created, the boundaries between many
adjacent tracts shifted. The focus of the research
presented here is on the practical application of
dasymetric population density estimation and areal
interpolation to facilitate small-area analyses, spe-
cifically for those situations where administrative
boundaries (e.g., census tracts) have changed over
time, and data collected for an area at one point in
time are not compatible with data collected for the
same area at a later point in time due to changes
in census tract boundaries.

Data

We obtained satellite imagery of the 13 counties
in the metropolitan Atlanta region from the U.S.
Geological Survey, EROS Data Center, for 1984
LT5019036037084172, Landsat 5, Thematic
Mapper, Path 019, Rows 036-037 [with 50 percent
offset], acquired on June 20, 1984), 1990 (Scene
ID: LT5019036037090268, Landsat 5, Thematic
Mapper, Path 019, Rows 036-037 [with 50 percent
offset], acquired on September 25, 1990), and
2000 (Scene ID: L71019036-03620000928, Path
019, Row 036, acquired on September 28, 2000;
and Scene ID: L71019037-03720000928, Path
019, Row 037, acquired on September 28, 2000).
We used these satellite images to derive land-use/
land-cover data for 1984, 1990, and 2000.

We used color infrared digital orthophoto quad-
rangles of metropolitan Atlanta (February 1999) to
ground truth the satellite-derived land-use/land-cover
data for 2000. We used black-and-white and color
aerial photographs of portions of the metropolitan
Atlanta area (particularly Gwinnett County, 1988
and 1989) to ground truth the satellite-derived
land-use/land-cover data for 1990. We obtained
road network data from the National Transportation
Atlas Database (U.S. Department of Transportation
2002) to assist in classifying land use/land cover.

We obtained county boundary files from the
Digital Environmental Atlas of Georgia, Version 2,
published jointly by the Georgia Geologic Survey

and the U.S. Geological Survey. We obtained census
tract boundary files from the U.S. Census Bureau for
1990 and 2000. For 1980, we obtained census tract
boundaries from Geolytics, Inc., which created the
census tract boundaries based on Census TIGER/
Line Files (no longer downloadable for 1980 from
the Census Bureau). We manually edited the 1980
Geolytics census tract boundaries in a GIS (ArcGIS
8.2, Environmental Systems Research Institute,
Redlands, California) to remove small polygons
corresponding to small-to-large bodies of water.

We obtained U.S. Census Long Form (SF-3) data
for 1980, 1990, and 2000 from Geolytics, Inc. We
used selected original variables from the SF-3 as well
as user-derived variables from the SF-3 data.

Methodology

For the Atlanta study (Holt 2003), it was necessary
to normalize all census data for 1980, 1990, and
2000 to 1990 census tract boundaries, as the anal-
ysis addressed variables representing the social
environment in 1990 and the potential health
outcomes in the late 1990s. Additional variables
were added to that analysis: namely, the changes
in the social environment from 1980 to 2000. To
add these change variables to the existing 1990
variables it was necessary to use consistent census
tract boundaries, and we chose the 1990 boundar-
ies. Because we used 1990 boundaries, we needed
to account for census tract boundary changes by
weighting the census data for 1980 and 2000. We
accomplished this through areal interpolation
based on dasymetric mapping of the population.

Dasymetric Determination
of Population Densities

The basic procedure that we used in this project
is similar to the binary dasymetric procedure
described by Langford and Unwin (1994) and
Fisher and Langford (1995 and 1996). The binary
dasymetric procedure utilizes ancillary land-use/
land-cover data to differentiate populated and
unpopulated areas. Our ancillary land-use/land-
cover data were derived from a computer-assisted,
manual, pixel-based classification of remotely
sensed satellite data. An example of the land-
use/land-cover data is in Figure 2, which depicts
Gwinnett County in 1990. Figure 3 depicts popu-
lated (low-density urban) areas and unpopulated
areas (all other categories).

We overlaid the raster format land-use/land-cover
map in binary form (populated versus unpopulated)
with a census tract boundary file, which we had trans-
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formed from the original vector shapefile format into
araster file. We determined the number of residential
land-use pixels per census tract using the Summary
function in ERDAS Imagine 8.6 (Leica Geosystems,
Inc., Atlanta, Georgia); we added these values as a
separate attribute field in the census tract vector
shapefile. We merged the census tract shapefile with
a database file of census tract population, extracted
from the Geolytics Long Form (SF-3) database. We
then determined the population per residentially
occupied pixel, per census tract, by simple arith-
metic calculation in ArcGIS 8.2. We mathematically
transformed the areal unit of the land-use pixels
(each representing an area 30 meters x 30 meters)
into hectares and square kilometers. The resulting
statistics represented the dasymetrically derived
population density for each census tract. We used
this basic methodology to determine population
density in 1980, 1990, and 2000. For each year, we
implemented the dasymetric process in the GIS
slightly differently because we needed to express
the population densities in terms of the 1990 census
tract boundaries. In addition, for 1980 and 2000,
we used the dasymetric procedure as the basis for
areal interpolation of census-derived data to 1990
census tract boundaries.®

1990 Population Density in 1990 Census
Tract Boundaries

For the 1990 data, we only needed to compute
census tract population densities; areal interpola-
tion of 1990 census data was not necessary, because
we used 1990 census tract boundaries. To compute
the 1990 population densities, we derived ancillary
data from the unsupervised classification of a 1990
Landsat Thematic Mapper™ satellite image, with
a scene acquisition date of September 25, 1990.
We classified the image with ERDAS Imagine 8.6
using the Iterative Self-Organizing Data Analysis
Technique (ISODATA) unsupervised classification
approach. In an ISODATA classification, satellite
imagery pixels with similar spectral properties
are grouped into a user-determined number of
clusters. This clustering is achieved through a
computerized search for natural groupings of
the pixels’ spectral properties based on their dis-
tances in multispectral feature space, defined by
the spectral bands of the image data (i.e., a cluster
analysis).

The analyst manually assigns these spectral classes
a posteriori to information classes of interest, such

as land-use/land-cover categories (Jensen 1996).
Overall accuracy for the ISODATA classification
was 92.94 percent. Producer’s accuracy and user’s
accuracy for the Low-Density Urban category
(which is associated with residential land use) were
96.92 percent and 87.50 percent, respectively. In
addition, the overall Kappa index of agreement
was 0.9124, and the conditional Kappa for the
Low-Density Urban category was 0.8524. Thus,
our classification accuracies exceeded the com-
monly accepted minimum thresholds for remotely
sensed data (Anderson et al. 1976), as well as the
threshold necessary to ensure robustness to clas-
sification error of the binary dasymetric technique
(Fisher and Langford 1996).

We determined dasymetric population density
for 1990 using the basic procedure described above.
For example, census tract 501.02 in northwestern
Gwinnett County contained 4,413 residential pixels
and its 1990 population was 8,684. We divided the
tract population by the number of residential pixels,
yielding a dasymetric density of 1.97 people per
pixel, which translates to 2,188.89 people per
square kilometer.

1980 and 2000 Population Densities
in 1990 Census Tract Boundaries

For the 1980 and 2000 data, we computed census
tract population densities, expressed in terms of
the 1990 census tract boundaries. This involved
modifying the basic procedure that we used to
determine 1990 population density. Essentially,
we first determined the population densities for
1980 in terms of the 1980 census tract boundar-
ies and the population densities for 2000 in terms
of the 2000 census tract boundaries. We then re-
expressed the 1980 and 2000 population densities
in terms of the 1990 census tract boundaries.

To compute the 1980 population densities, we
used a June 20, 1984, Landsat™ scene to derive the
ancillary data on residential land-use extent in 1980.
The 1984 satellite image is a compromise because
no satellite image with compatible spatial resolu-
tion (30 meters) is available for 1980. Although we
obtained a Landsat™ image from December 1982,
we did not use it because of its poor radiometric
contrast and because it was taken in the winter, while
the 1990 and 2000 images were taken in the summer.
We classified the 1984 image in the same manner
as the 1990 image. We did not conduct an accuracy
assessment due to the lack of suitable ground truth

8 The 1990 census tract boundaries were selected because the 1980, 1990, and 2000 population density values, and their rates of change,
were used as independent variables in the larger Atlanta mortality study (Holt 2003), in which mortality rates were expressed in terms

of 1990 census tracts.
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Figure 2. Land use/land cover, Gwinnett County, Georgia, 1990.
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Figure 3. Residential land use, Gwinnett County, Georgia, 1990.
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data. However, because the image is of the same type
and from the same satellite as the 1990 image, and
because we used the same classification technique,
the classification accuracies should be similar to those
of the 1990 image. Furthermore, the classification
accuracy probably exceeds the minimum 60 percent
threshold determined by Fisher and Langford (1996)
to be necessary for ensuring robustness to error of
the binary dasymetric procedure.

Once we determined the extent of Low-Density
Urban (e.g., residential) land use, we converted
the land-use/land-cover map into a binary map of
residential versus non-residential pixels, similar to
the 1990 land-use/land-cover map. We overlaid the
1984 binary map with a rasterized map of 1980
census tract boundaries, and, using the Summary
function in ERDAS Imagine 8.6, determined the
number of residential pixels per census tracts. We
entered these values as a separate attribute field
in the 1980 census tract vector shapefile, which we
merged with a database file containing 1980 tract
populations. We computed population densities for
1980 using 1980 boundaries by arithmetic opera-
tion in ArcGIS 8.2.

Expressing the 1980 population densities in terms
of the 1990 census tract boundaries required addi-
tional processing. We combined the 1984 binary
land-use/land-cover map with the 1980 census
tract vector shapefile using the Matrix operation
in ERDAS Imagine 8.6. This essentially recoded
the land-use maps’ individual pixel values (formerly
binary: 0 and 1) to values representing the tract level
population densities corresponding to each pixel’s
census tract.” We then combined the rasterized 1990
census tracts with the recoded land-use map using
the Summary function in Imagine and exported a
data file containing the number of pixels of each
attribute (density) for each 1990 census tract.

Each census tract that experienced no boundary
changes from 1980 to 1990 contained only one sum-
mary number of pixels with an associated population
density value. Census tracts that experienced boundary
changes contained more than one summary number
of pixels, each with its own associated population
density values. For both types of census tracts we
calculated the 1980 population density values in
terms of the 1990 census tract boundaries based
on the number of pixels and their corresponding
density values. We merged the Excel file, converted
to a database file, with the 1990 census tract vector
shapefile; this added the 1980 dasymetric popula-

tion density values as a separate attribute field in
the 1990 shapefile.

For the 2000 population densities calculations,
we used the same procedure. We derived the 2000
ancillary land-use/land-cover data from the ISODATA
classification of a September 28, 2000, Landsat 7
ETM+ scene with an overall classification accuracy
0f 90.12 percent. Producer’s and user’s accuracy for
the Low-Density Urban category were 93.44 percent
and 87.69 percent, respectively. In addition, the
overall Kappa index of agreement was 0.8759, and
the conditional Kappa for the Low-Density Urban
category was 0.8563. As with the 1990 ancillary data,
the 2000 data exceeded the minimum thresholds
for classification accuracy.

Areal Interpolation of Census Data

We used a form of areal interpolation to disaggre-
gate the 1980 and 2000 census-derived data from
their original tract boundaries and to re-aggregate
these data into the 1990 census tract boundaries.
In the greater Atlanta area, some census tracts
were split into two or more constituent tracts
between 1980 and 2000; the boundaries of some
census tracts with neighboring tracts shifted, and
some tracts were both split and had their bound-
aries changed (Figure 4). Most of the census tract
changes between 1980 and 2000 involved split
census tracts, many of which were due to the rapid
population growth in suburban Atlanta during
this period.

The basic procedure for areal interpolation we
used was to determine where changes occurred to
census tract boundaries from 1980 to 1990 and from
1990 to 2000. We then determined the percent-
age of populated areas affected by those boundary
changes in each affected census tract, developed
weights based on the percentage of affected popu-
lated areas, and applied the weights to 1980 and
2000 census-derived data to obtain estimates of the
census data for 1980 and 2000 in terms of the 1990
census tract boundaries.

We determined census tract boundary changes
from 1980 to 1990 using Tract Comparability Files
(Socioeconomic Data and Applications Center 2003).
We used Tract Relationship Files (U.S. Census Bureau
2002) to determine census tract boundary changes
from 1990 to 2000. The Census Tract Comparability
and Relationship Files list census tracts that experi-
enced a significant change (2.5 percent of land area
or greater) from one decennial census to the next

" Because raster pixel values must be integers, we first multiplied the population densities by 100 in the vector shapefile. We used these
“pseudo-densities” for the remaining steps of the procedure. Once we completed the procedure, we divided the pseudo-values by 100
to obtain the density values expressed in the original, decimal format.
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(U.S. Census Bureau 2002). We also displayed 1980,
1990, and 2000 census tract boundary shapefiles
in a GIS (ArcGIS 8.2) and confirmed differences
in tract boundaries by visual inspection. We cross-
checked the results of the visual inspection of the
GIS data with the information in the Census Tract
Comparability and Relationship Files to identify the
tract boundaries affected by changes and to develop
a table of the nature of these changes.

We calculated the percentages of populated areas
affected by boundary changes in each affected tract
by applying the ancillary land-use/land-cover data
we had derived to dasymetrically determine census
tract population densities. For boundary shifts from
1990 to 2000, we overlaid the 1990 and 2000 tract
boundary shapefiles in a GIS (ArcGIS 8.2). We used
the same process for the 1980 to 1990 tract boundary
shifts. We identified the land areas affected by tract
boundary shifts by using the “Intersection” opera-
tion in ArcGIS and exporting each area as a unique
shapefile. We used ERDAS Imagine 8.6 to matrix each
shapefile with a binary mask, representing residential
pixels and non-residential pixels. We repeated this
process for each intersection shapefile. Summary
reports from Imagine provided the numbers of resi-
dential pixels contained in each intersection area.
For each boundary shift, we divided the number of
residential pixels in the shifted area by the number
of residential pixels in the census tract to which the
shifted area originally belonged using the attribute
table of the 1990 tract boundary shapefile. The
resulting percentage represented the residential
land-use area that shifted from the original census
tract to the receiving census tract.

We used the percentages of affected residential
land use from the preceding step as interpola-
tion weights for expressing the 2000 census data
in terms of the 1990 census tract boundaries. We
accomplished this by multiplying the 2000 census
data by the interpolation weights. The step-by-step
procedure for interpolating census data is illustrated
in Figure 5, using DeKalb County census tracts 201
and 224.01 as examples.

In Figure 5a, the portion of tract 201 that shifted
to tract 224.01 from 1990 to 2000 is highlighted by
the cross-hatched area. In Figure 5b, the residential
land-use pixels from 2000 are superimposed over
the area of tracts 201 and 224.01.The number of
residential land-use pixels in the portion of tract
201 that shifted to 224.01 is 105 pixels; the number
of residential land-use pixels unaffected by the
boundary shift is 484 pixels. These numbers cor-
respond to 18 percent and 82 percent of the total
number of residential pixels (589) for the entire
land area of tract 201 in 2000. These percentages

served as the dasymetric weights for the subsequent
areal interpolation of the poverty data from their
original 2000 boundaries to their 1990 boundaries.
Figure 5¢ depicts the population and poverty data
for tracts 201 and 224.01 in terms of the 2000 tract
boundaries, prior to areal interpolation. Figure 5d
illustrates the weighting of the data for tract 201
in accordance with the dasymetric weights of 82
percent and 18 percent. Lastly, Figure 5e shows
the resulting census data for tracts 201 and 224.01
after areal interpolation. These data were obtained
by subtracting the data corresponding to the cross-
hatched area from tract 201 and adding these data
to 224.01.

For census tract splits from 1980 to 1990 with no
other shifts in tract boundaries, areal interpolation
was unnecessary. Instead, we assigned the census
data for each 1980 census tract to its 1990 constitu-
ent tracts. For example, Gwinnett County’s 1980
census tract 501 was split into tracts 501.01 and
501.02 for 1990. We assigned the census data values
for 1980 tract 501 to each of the 1990 tracts. In this
manner, the 1980 census data for 1980 tract 501
were expressed in terms of the 1990 census tract
boundaries (tracts 501.01 and 501.02).

We handled census tract splits from 1990 to
2000 differently because we calculated our results
based on the 1990 census tracts for our project. We
treated the 1990 to 2000 changes as though the
2000 census tracts had been “re-aggregated” back
into their original 1990 census tracts. For example,
if Gwinnett County’s 1990 census tract 501.01 was
split into two tracts for 2000 (tracts 501.03 and
501.04), the data for tracts 501.03 and 501.04 were
aggregated and assigned to 1990 tract 501.01. We
aggregated the appropriate denominator data (e.g.,
total population) and the numerator data (e.g., total
number of white population) for each of the 2000
tracts so that the resulting percentages could be
computed for the aggregated tracts. In this manner,
the 2000 census data for 2000 census tracts 501.03
and 501.04 were expressed in terms of the 1990
census tract 501.01 boundaries.

Results and Discussion

Population Density

In all 13 counties in the study area, the census
tract-level dasymetrically determined population
densities exceeded the population densities com-
puted with the choroplethic method. Table 1 lists
the 1990 choroplethic and dasymetric population
densities for Gwinnett County. Figure 6a depicts
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the dasymetric popula-

tion density for 1990. The
different results provided
by the dasymetric and
choroplethic methods are
illustrated in Figures 6a
and 6b. In both maps, we
assigned the data to five
classes, using the Jenks’
Optimal Breaks method.

A comparison of the two
maps readily indicates dif-

ferences in the outer coun-
ties. In particular, all census
tracts in Douglas, Paulding,
Forsyth, Rockdale, Coweta,
Fayette, Henry, and (with
one minor  exception)
Cherokee counties have the
lowest class of population
density in the choroplethic
map, suggesting broad
homogeneity of census
tract population density
throughout the outer sub-
urban fringe. However, the
dasymetric map of popula-
tion densities for the same
counties depicts areas with
higher population density
within each county. These
generally correspond to
county seats, other small
towns, or, especially in
Paulding County, areas of

0051 2

Kilometers

D 1990 Census Tracts

Boundary Shift Area

new, higher-density hous-

ing subdivisions. Therefore,
the dasymetric map pro-
vides more precision in dif-
ferentiating areas of higher
and lower population density within counties.

To place these population densities in perspective,
if a given residential area is comprised of single-family
housing units, zoned for one-half acre lots, there
are approximately 4.8 housing units per hectare (2
houses/acre x 2.4 acres/hectare). As there are 100
hectares per square kilometer, this translates to 480
housing units per square kilometer of residential
area. If one assumes a population-to-housing unit
density of two persons per housing unit, this would
yield an estimated population density of 960 per-
sons per square kilometer of residential area (480
housing units x 2 persons/housing unit).

As a further comparison of these dasymetric
population densities, if the population densities

Figure 4. Census tract boundaries, north-central Gwinnett County, 1990 and 2000.

for tracts 501.02 and 502.02 had been calculated
in the traditional manner of dividing each tract’s
total population by its total land area, their respec-
tive densities would have been 241.69 persons per
square kilometer (8684 persons + 35.93 km? total
land area) and 53.89 persons per square kilometer
(3047 persons + 56.54 km? total land area). While
the ordinal ranking of the two tracts remains the
same (tract 501.02 is more densely populated than
tract 502.02), the relative difference in population
density is dramatically different between the two
methods of population density computation. For the
dasymetric method, tract 501.02 is roughly 2.5 times
more densely populated than tract 502.02, while for
the traditional method, tract 501.02 is roughly 4.5
times more densely populated than tract 502.02.
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18% of total for Tract 201

(b)

82% of total population = 1475
82% of persons in poverty = 69

\

18% of total population = 324

18% of persons in poverty = 15

(d)

Residential Pixels in 2000

| 1990 Tract Boundaries

Total population = 4205
Persons in poverty = 207
Poverty rate = 4.93%

2000 Tract Boundaries

//% Boundary Shift Area

(e)

Tract numbers shown in black on map (a).
Omitted on other maps for clarity.
No change in tract designations from 1990 to 2000.

Figure 5. Areal interpolation using dasymetric weights.
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Tract Number 1990 Population (ihoroplethic Populatio_n Density Dasymetric Populatior_l Density
501.01 8142 127 1700
501.02 8684 242 2189
503.05 9605 1913 8422
504.08 10986 1372 3733
504.10 4767 788 331
505.09 5231 153 1544
506.01 8937 73 989
507.05 6529 87 1044
507.06 10425 673 3089

Table1. Population densities, choroplethic versus dasymetric, selected census tracts, Gwinnett County, Georgia, 1990.

Therefore, by not including unpopulated land
areas in the calculations of population density, the
dasymetric method provides a more precise measure
of population density within residential areas; and
the variation in population density among tracts
can be substantial.®

Unlike choroplethic maps, dasymetric maps show
which areas are unpopulated. This is especially evi-
dent in the outer counties, which have large areas of
non-residential land-use. This trait of the dasymetric
map makes it suitable for visually depicting tempo-
ral changes to the landscape. Although dasymetric
maps provide more spatial precision in mapping
population density than choroplethic maps, they
are subject to the same scale and aggregation effects
as choroplethic maps.

If the same census tract boundaries are maintained
from one census to the next and the population
increases with no increase in residential land-use
area, then the population density will increase. But
if residential land-use area increases, the popula-
tion density will increase or decrease, depending
on the relative magnitudes of the population and
land-use area changes. For this reason, some census
tracts in the suburban fringe counties experienced
population increases concurrent with decreases in
dasymetric population density, while other tracts
with population increases experienced increases in
dasymetric population density.

For example, census tract 1707 in central Coweta
experienced an increase in population from 6,458 in
1990 to 7,139 in 2000 (an increase of 10.5 percent)
and an increase in residential land-use from 4.04 km?
to 5.10 km? (an increase of 26.2 percent). The result-

ing dasymetric population density decreased from1,
600 persons/km? to 1,400 persons/km? When this
change is analyzed with the choroplethic method of
calculating population density, the opposite happens:
a 1990 density of 29 persons/km? (6,458 persons +
222.26 km? of total land area) and a 2000 density
of 32 persons/km? (7,139 persons + 222.26 km?
of total land area) indicate an increase in popula-
tion density from 1990 to 2000. For tract 1707, the
decrease in dasymetric population density is prob-
ably attributable to new residents (after 1990) living
in newly constructed single-family houses built on
relatively large lots (e.g., one acre or greater).

An example of a dasymetric population density
increase is census tract 1205 in southeastern Paulding
County. Its population increased from 6,809 to 14,425
from 1990 to 2000 (an increase of 111.9 percent);
while its residential land-use area increased from
5.47 km? to 8.89 km? (an increase of 62.5 percent).
While population and residential land-use area grew
substantially, population growth exceeded residential
land-use growth. This may be attributable to the
construction of single-family houses on relatively
smaller lots, the construction of multi-family housing
units, an influx of families with multiple children,
or a combination of these factors.

Tract-level dasymetric population densities for
Gwinnett County in 1980, 1990, and 2000 are listed
in Table 2. The tracts with increasing population and
decreasing population density probably experienced
urban sprawl during this period. The dasymetric
mapping process can measure this at the tract level,
but choroplethic techniques cannot account for such

® For the 1990 population data across the entire study area, the mean dasymetric population density is 4085 persons/km2 (s.d.=4764);
the mean choroplethic population density is 906 persons/km2 (s.d.=925).
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1980 Population 1990 Population 2000 Population % Change 1980 to
Tract Number Density Density Density 2000
501.01 3418 1700 1700 -50.3
501.02 3418 2189 1556 -54.5
503.05 1797 8422 5589 210.0
504.08 1418 3733 3456 143.7
504.10 1418 331 2511 771
505.09 2608 1544 1467 -43.8
506.01 2063 989 1500 -21.3
507.05 1139 1044 1356 19.1
507.06 2418 3089 2300 4.9

Table 2. Dasymetric population density, selected census tracts, Gwinnett County, Georgia, 1980-2000.

. Tract Comparabilit .
Affected Census Tracts Census Years Dasymetrolc Method RelationsI:Iip Filesy / Difference
(%) (%) (absolute)

107 1980-1990 0 0 0
218.05 1980-1990 33 35 2
230 1980-1990 40 53 13
312.04 1980-1990 8 4 4
314.03 1980-1990 0 2 2
807.98 1980-1990 22 22 0
1701 1980-1990 0 0 0
1702 1980-1990 10 17 7
1703 1980-1990 23 31 8
57 1990-2000 25 11 14
94.01 1990-2000 4 2 2
112.02 1990-2000 3 5 2
201 1990-2000 18 18 0
234.15 1990-2000 4 0 4
305.04 1990-2000 3 2 1
311.12 1990-2000 9 7 2
403.02 1990-2000 4 1 3
403.04 1990-2000 5 3 2
404.07 1990-2000 9 16 7
501.06 1990-2000 3 0 3
507.18 1990-2000 2 1 1
803.01 1990-2000 9 4 5
804.01 1990-2000 1 1 0
1403.03 1990-2000 4 2 2

Table 3. Comparison of percentages of affected population from census tract boundary shifts: dasymetric method versus

Tract Comparability/Relationship Files.

changes in residential land use within tracts. Thus,
dasymetric mapping can pinpoint areas of urban
sprawl (Figure 7), such as tracts made accessible by
multi-lane expressways.

Areal Interpolation of Census Data

We areally interpolated census data for 1980 and
2000 when boundary shifts occurred from one

census to the next. The number (8 for 1980-1990
and 15 for 1990-2000) and percentage of bound-
ary shifts were relatively small (1.8 percent of all
census tracts for 1980-1990 and 2.5 percent for
1990-2000). Furthermore, the percentages of
affected population were generally small, espe-
cially for the 1990-2000 boundary shifts (1980-
1990: range 0 to 47 percent; mean 23 percent;
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Data classified by Jenks' Optimal
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Figure 6. Population density. a) 1990 dasymetric population density;
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median 26.5 percent; and 1990-2000: range 0 to
18 percent; mean 6.5 percent; median 5 percent).
Therefore, the impact of census tract boundary
shifts on the dataset was modest.

We checked the accuracy of the dasymetrically
derived areal interpolation weights against popu-
lation-based percentage changes from the Tract
Comparability and Relationship Files. The per-
centages of affected population determined by the
dasymetric method and the Tract Comparability
and Relationship Files are shown in Table 3. The
mean absolute difference between the two methods
is 3.65 percent, with a range of 0 to 14 percent
and a median of 2 percent. Except for two outliers
(tracts 230 and 57), the dasymetric method worked
satisfactorily.

Conclusion

In this paper, we reported on our use of satellite-
derived ancillary land-use/land-cover data to map
population densities using the dasymetric method.
The dasymetric method accounts for the spatial
distribution of population within administrative
areas, yielding more precise population density
estimates than the choroplethic method, while
graphically representing the geographic distri-
bution of populations. We presented dasymetric
population density maps for 1980, 1990, and
2000 for a rapidly growing 13-county area in met-
ropolitan Atlanta, Georgia. These maps revealed
more realistically the intra-county variations in
population density and the urban sprawl growth
characteristics than the conventional choroplethic
method.

We also used the ancillary land-use/land-cover
data to derive adjustment weights for census data
at the census tract level, where census tract bound-
ary shifts made temporal data comparisons difficult.
By determining the percentages of residential areas
affected by census tract boundary shifts, we were able
to re-weight the census data to estimate the census
data in terms of the 1990 census tract boundaries,
making it possible to represent three years of census
data (1980, 1990, and 2000) in one set of common
census tracts (1990). Accuracy assessment of the dasy-
metrically derived adjustment weights indicated a
satisfactory level of accuracy. Dasymetrically derived
areal interpolation weights can be applied to any
type of geographic boundary re-aggregation, such
as from census tracts to zip code tabulation areas,
from census tracts to local school districts, from zip
code areas to telephone exchange prefix areas, and
for electoral redistricting.
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fields in the campus community.

charting the future evolution of the CRMS.

Science to the address below.

GEORGIA, ATHENS 30602. University of Georgia. The Department of Geography seeks a
scholar to serve as Director of the Center for Remote Sensing and Mapping Science
(CRMYS). This is a faculty position at associate professor rank. The CRMS has a rich 20-year
history of distinguished engagement in collaborative, multdisciplinary research projects that
involve the development of remotely sensed imagery and map data processing technologies for
applications in the natural sciences. The CRMS was named a NASA Center of Excellence in
1998. The Department of Geography at UGA maintains a vibrant undergraduate and graduate
program, possesses an energetic and talented faculty, and is committed to continued scholarly
excellence. Additional information about the Department of Geography is available at
http://www.ggy.uga.edu. We envision building upon the existing strengths of the CRMS and the
Department by fostering cutting-edge spatial data applications across all of geography and allied

The CRMS currently has a staff of two fulktime scientists (partially supported by soft money)
and a grants manager. In addition, its mission is supported by approximately a dozen affiliated
faculty, staff, and graduate research assistants. The CRMS has generated approximately
$500,000/year in research funding over the past five years. For more details about the current
mission and scope of activities of the CRMS, visit http://www.crms.uga.edu.

Candidates for this position should have a research focus in geographic techniques and mapping
sciences, broadly defined. The director will be expected to promote the role of the CRMS by
encouraging partnerships and research collaborations involving the use of spatial data
technologies across geography and related social and natural science disciplines, as well as with
affiliated public and private agencies. A Ph.D. and administrative skills are essential. This
faculty position will involve initiation and maintenance of a vigorous externally funded research
program, teaching undergraduate and graduate courses in areas of specialization, advising
graduate students, and overseeing the operation of the CRMS. The new director will have
considerable latitude, in consultation with the faculty of the Department of Geography, in

Application deadline is 15 September 2004. Appointment starts August 2005. Please send a letter
of application detailing research/teaching accomplishments, curriculum vitae, the names of four
references, and a statement articulating a vision for the Center for Remote Sensing and Mapping

Apply: Albert J. Parker, Chair of the Search Committee, Department of Geography, University
of Georgia, Athens, GA 30602-2502. Email: ajparker@uga.edu. Tel: 706-542-2368. The
University of Georgia is an Affirmative Action/Equal Opportunity Employer. Applications from
women and minorities are strongly encouraged.
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