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Spatial-Temporal Spread of the AIDS Epidemic,
1982-1990: A Correlogram Analysis of Four
Regions of the United States

We applied correlogram analysis to county-level AIDS data of four regions—
the Northeast (Delaware, the District of Columbia, Maryland, New Jersey, New
York, and Pennsylvania), California, Florida, and Louisiana—for the period
1982-1990 to characterize the spatial-temporal spread of the AIDS epidemic.
Correlograms computed from yearly incidence rates differ substantially among
these four regions, revealing regional differences in the spatial patterns and
intensity of AIDS spread. A general trend of increasing spread to rural Amer-
ica, however, can still be detected. Contagious spread was predominant in the
Northeast throughout the nine-year period, whereas California was dominated
by hierarchical spread through time. The spatial-temporal changes of AIDS inci-
dence patterns were most drastic in Florida, where the correlograms show hier-
archical spread in the early years and then contagious spread in the later years.
As a representative region for most other states in the United States, Louisiana
has low spatial autocorrelation and no definite spatial pattern of spread. Group-
ing data into three-year periods for states with low yearly incidence rates such as
Louisiana should help identify the dominant trends for these states. The correlo-
gram results could provide useful insights into the specification of spatial models
for AIDS forecasting.

INTRODUCTION

First diagnosed in 1981, the Acquired Immune Deficiency Syndrome (AIDS)
epidemic has entered its second decade with many unanswered questions. The
World Health Organization estimates that roughly thirteen million people have
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been infected with the human immunodeficiency virus (HIV) and that by the
year 2000, that number may triple (Jasny 1993). In the United States, the Cen-
ters for Disease Control and Prevention (CDC) estimates that 1 to 1.5 million
people carry the HIV, all of whom will develop AIDS after an average ten-year
incubation period (Merson 1993). ’

In the absence of a cure or vaccine, effective prevention and health care allo-
cation programs must be developed. Such programs require adequate informa-
tion on where, when, how, and how much of the disease has spread. Many
AIDS researchers have already pointed to the need for more detailed AIDS
data, such as data by county, and more spatial analysis of the data (for exam-
ple, Layne et al. 1988; Gardner et al. 1989a; Casetti and Fan 1991; Shannon,
Pyle, and Bashur 1991; Gould 1989; Gould et al. 1991; Loytonen 1991; Golub,
Gorr, and Gould 1993). Toward this end, we have collected the AIDS caseload
data by county from individual state agencies for the entire United States for
the period 1982-1990. An important national trend of increasing spread of
AIDS in rural America during this nine-year period has been documented by
Lam and Liu (1994). The present study utilizes the technique of correlo-
gram analysis (Cliff and Ord 1973, 1981; CLff et al. 1975, 1981) to quantify the
spatial-temporal patterns of spread and to examine if such trends existed in four
selected regions in the United States—the Northeast (Delaware, the District
of Columbia, Maryland, New Jersey, New York, and Pennsylvania), California,
Florida, and Louisiana.

PREVIOUS STUDIES

Previous studies concentrating on the spatial dimension of the AIDS epi-

demic generally fall into two categories. The first focuses on the broader cul-
-tural aspects of the disease, and the second on technical modeling and forecast-
ing. Dutt and his group (Dutt et al. 1987) analyzed the geographical patterns of
AIDS in 1981-1986 in the United States using the data from the CDC. The
data they used are at the state or large statistical metropolitan areas (SMA)
level. Distinct regional variations in AIDS incidence by risk groups (for exam-
ple, homosexual, intravenous drug user, hemophiliac) were found, while AIDS
incidence by age cohort has uniform patterns. Their study is among the first
to map the geographical distributions and analyze the spatial dimension of the
AIDS epidemic. Unfortunately, the data used in their study are too coarse for
further detailed analyses.

Wood (1988) presented an overview of the global pattern of AIDS diffusion
and proposes three conceptual models of AIDS diffusion which are similar to
those proposed by Chin and Mann (1988). The AIDS North model, referring
to North America and western Europe, is urban based and primarily confined
to homosexuals and IV drug users. The AIDS South model, of central Africa
and the Caribbean, postulates the spread from cities into rural regions and
affecting primarily heterosexuals. The third model, an AIDS North/South hy-
brid, seems to apply to other third world regions. These models are broad gen-
eralizations of different AIDS patterns in different parts of the world. Gould
(1989) extended the views of Wood and further emphasized the need for mod-
eling using fine-resolution data. Labeling AIDS as a slow plague, Gould later in
his book (1993) painted a vivid and horrifying story of the epidemic and urged
the need for more spatial modeling. Shannon and Pyle (1989) and Shannon and
others (1991) discussed thoroughly the origin and diffusion of AIDS, informa-
tion essential to an understanding of the present epidemic.
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At a more empirical level, Gardner and others (Gardner et al. 1989a and b)
used the county-based HIV data obtained through the Department of Defense’s
HIV screening program for military applicants to identify the trend of expan-
sion diffusion from high-prevalence areas to low-prevalence areas. They con-
tended that these spatial-temporal trends were obscured in previous studies
because statewide summary data were used, and that data at a finer scale
(county level or finer) should be used for spatial diffusion modeling. Using a
national county database on AIDS incidence, Lam and Liu (1994) further con-
firmed the spread of AIDS in rural America at the national level. Similar con-
clusions for Finland based on their national HIV data have also been reported
(Loytonen 1991).

Literature on modeling the spatial diffusion of HIV/AIDS and forecasting its
ij)read across both time and space is very limited. The addition of the spatial

imension compounds the already complicated forecasting task, as key parame-
ters that are needed for AIDS modeling are unknown, such as the length of
incubation period, percentage of HIV infection, and percentage of homosex-
uals in the population. Casetti and Fan (1991) applieg the expansion method
to examine the spatial spread of the AIDS epidemic in Ohio. Gould and others
(1991) suggested, on the other hand, the use of spatial adaptive filtering method
for predicting the next maps of AIDS. More recently, Golub and others (1993)
introduced a spatial compartment model for HIV/AIDS transmission which
includes hierarchical and expansion spatial diffusion, and they obtained a rea-
sonably good fit for the Ohio AIDS incidence data.

This paper is an empirical study of AIDS incidence rates for four regions in
the United States. Using spatial correlograms computed from yearly incidence
rates by county for 1982-1990, we examine if the epidemic spreads in a recog-
nizable way, such as hierarchical or contagious spread, and whether the spatial-
temporal patterns of spread are similar among the four regions. Specifically, we
test if these regions follow the national trend of rural spread and if the intensity
and patterns of such spread are consistent among these regions. If there is little
variation in the form of the correlograms among the regions, then a uniform
spatial diffusion model may be applied subsequently to predict the next AIDS
maps. On the contrary, if the correlograms differ substantially among regions,
spatial models with different parameters must be specified to produce more
accurate forecasting for each region. The results from our correlogram analysis
should reveal this information, thus providing useful insights into the specifica-
tion of AIDS models for more accurate forecasting.

DATA

The data used in this study were collected by us from the state health agencies
of all fifty states and contain yearly AIDS caseload data by county or health dis-
trict for the period 1982-1990. The AIDS caseload data were converted into
rates by using the 1986 population figures as the common denominator (num-
ber of cases / 1986 population x 100,000). A more detailed discussion of this
national database can be found in Lam and Liu (1994). Figure 1 is a map of
the 1990 cumulative AIDS incidence rates by county. The four reiiions selected
for this study are (1) the Northeast, which includes Delaware, the District of
Columbia, Maryland, New Jersey, New York, and Pennsylvania (178 counties
in total); (2) California (58 counties); (3) Florida (67 counties); and (4) Louisi-
ana (64 parishes) (Figures 2-3). The first three regions/states were selected
because of their high AIDS incidence rates. California and Florida are two



7
RNy
N

e

Fic. 2. The Northeast Region and California: Cumulative AIDS Incidence Rates by County as of
the End of 1990. (The four regions in Figures 2 and 3 are of the same scale.)
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FiG. 3. Florida and Louisiana: Cumulative AIDS Incidence Rates by County as of the End of
1990

distinct regions but they are comparable in terms of area, population size,
number of counties, and AIDS incidence rates. We use the Northeast region
in lieu of a single state because it provides an example of AIDS spread in a
large megapolis region. Louisiana, which ranks twenty-first in number of popula-
tion and twelfth in the cumulative number of AIDS cases, represents an “aver-
age” state in the United States in terms of the magnitude and diffusion stage of
the AIDS epidemic. All four regions have AIDS incidence rates above the
national average. Together they account for 63 percent of the nation’s total
AIDS cases.

METHODS

We applied the correlogram method to quantify the spatial patterns of AIDS
spread. Spatial correlograms were computed for the AIDS incidence rates each
year for each region, resulting in 9x4 correlograms. Spatial correlograms are
diagrams showing spatial autocorrelation on the Y axis and the spatial scale or
distance interval at which the autocorrelation is computed on the X axis. When
comparing the spatial correlograms through time, the spatial-temporal patterns
of spread can be revealed systematically. Despite its usefulness, correlogram
analysis has seldom been applied to medical or other geographic data, apart
from the extensive work by Cliff and Ord (ChLff and Ord 1973, 1981; CLff et al.
1975, 1981). '

Spatial autocorrelation is a central concept in geography that has been dis-
cussed extensively in the 1970s (for example, Haggett, Cliff, and Frey 1977).
Lately, the push for more spatial analysis in GIS and remote sensing has made
the spatial autocorrelation statistic popular again (for example, Anselin, Dodson,
and Hudak 1993). Spatial autocorrelation refers to the degree of association of
a variable in relation to its location. A useful measure of spatial autocorre-
lation is Moran’s I. Moran’s I is positive when nearby areas are similar in
attributes, negative when they are dissimilar, and approximately zero when
attribute values are arranged randomly and independently in space. Moran’s
I is often preferred over other indices in the literature and is therefore used
here because its values follow closely our intuitive notions of positive and nega-
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tive autocorrelation and it is less affected by deviation from the normal distribu-
tio? I(ICliff and Ord 1973; Goodchild 1986). The formula for Moran’s I index is
as follows:

5wy
= _J 1)
S D Wy
i J

where C;; represents the similarity of i’s and j’s attributes; S? is the sample var-
iance; W;; represents the similarity of i’s and j’s locations, and Wj; = 0 for all 4
(Goodchild 1986). In this study, W;; is the simple adjacency matrix in which W;;
is given the value of 1 if ¢ and j share a common boundary, and zero otherwise.
Alternatively, a continuous measure of proximity can be defined in terms of some
function of the distance.

The attribute similarity measure between two areas (Cj;) is defined as

I

C,’j = (z; — SE)((EJ —I) (2)

where z; is the value of the attribute for area ¢, Z is the mean of the attribute.

Moran’s I index is based on the covariance of the attribute, which is different
from another spatial autocorrelation index, Geary’s C, where the variance of the
attribute is used. When covariance (Moran’s I) is used, the diagram constructed
to show the relationship between spatial autocorrelation and spatial lag is-called
a correlogram, but when variance (Geary’s C) is used, the respective diagram is
called a variogram.

The significance of the resultant spatial autocorrelation values derived from
equation (1) must be tested by computing the z scores using either the normal
or randomization assumption (Cliff and Ord 1973). The normal assumption
states that the sample values are drawn from a normally distributed popula-
tion, whereas the randomization assumption states that the samples represent
a random arrangement of attribute values (that is, makes no assumption of the
underlying distribution). The AIDS data in this study are highly skewed, with
most counties having low rates, and the distribution is not a normal one. There-
fore, the randomization assumption is more appropriate and used in this study.

The formulas for determining the mean, variance, and the significance level
of the two statistics based on the randomization assumption can be found in
Chff et al. (1975, p. 154) and Goodchild (1986, p. 25). The resultant z scores,
instead of I values, are plotted against spatial lags. Based on a two-tailed test
with a significant level of & = 0.05, a z value outside the range of £1.96 (shown
with two dotted lines in Figures 4-7) is considered significantly spatially auto-
correlated in either positive or negative direction.

Spatial autocorrelation measures are highly scale-dependent, that is, the values
change if different sizes of polygons or grids are used. One way to overcome
this weakness of the measures is to make scale explicit by determining the spa-
tial autocorrelation function over distance and present it as a correlogram. In
this study, the spatial scale is made explicit through a redefinition of the adja-
cency matrix W;;. The first-order adjacency is defined as polygons sharing a
common boundary, while the second-order adjacency is defined as two poly-
gons that are adjacent, but separated by exactly one intervening polygon. The
same idea can be extended up to any order in space.

We developed a computer program to retrieve topological information (that
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Fic. 4. Correlograms for the Northeast Region, 1982~1990. For Figures 4-7, the x axis repre-
sents spatial lag of 1, 2, to 8 counties apart; y axis shows the z values at each lag; values outside
the two dotted lines are considered statistically significant at & = 0.05 level.

L

T 1083

1984

1982

N A @ @
v &
N A O @

|
/e
\

)

'S
—
ES

DG [ 07 R S S B e o T TR YRR S R RN i P ont (S an RGAY SR L300 e
o 1985 s 1986 6 1987

4 4 4

— 24— 24—

v
(
1l
/]
/
)

o 2 - v
-4 -4
1 2 3 4 5 [ 7 8 o 1 2 3 4 5 6 7 8 ® 1 2 3 4 5 - 7 8
2. i 8 ok @,
t 1988 o d 1989 : 1990
o 't 4
e i 4=l

(
<
|

b &
b &
b

&

&
-
o
@
>
o
o
~
!
-
n
@
»
o
o
~:
o
-
N
[
>
o
o
~
L2
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is, polygons sharing common boundaries) from the Arc/Info GIS software and
to construct the first-order adjacency matrix Wj; by coding 1 in W;; if polygons
% and j share a common boundary, and 0 otherwise. The higher-order adjacency
matrices were derived by powering the first-order matrix and eliminating circu-
lar routes using the algorithm by Haggett, Cliff, and Frey (1977, pp- 319-20). A
detailed description of the algorithm and procedures can be found in Fan, Lam,
and Liu (1993). Once the kth (k=1,2...)-order spatial adjacency matrix has
been constructed, the kth-order spatial autocorrelation and the corresponding
z scores can be computed.

Following the spatial diffusion terminology (Morrill, Gaile, and Thrall 1988),
AIDS spread is a form of expansion diffusion, which spreads from one place to
another. Expansion diffusion occurs in two ways: contagious or hierarchical
spread. Contagious spread is a function of distance, operating in a centrifugal
manner from the source region outward. Hierarchical spread transmits the dis-
ease through an ordered sequence of places, spreading from cities to cities. We
would expect a smoothly declining correlogram if contagious spread is the dom-
inant factor in affecting the spatial pattern of AIDS spread (that is, distance is
the main factor in determining the similarity of yearly AIDS incidence rates
among counties). If high positive autocorrelation exists at the same time, the
spatial pattern is interpreted as strongly symmetrical, with large patches of
areas having high yearly increase in AIDS incidence and serving as major cen-
ters of spread.

Any departures from smooth decline in the correlogram would suggest
the existence of other factors, and in most cases these factors are related
to the urban hierarchy of the region, such as population density. For example,
if the curve declines and then goes up after several lags, forming a V-shaped
curve, then the implication is that similarity of yearly AIDS incidence rates ex-
ists for counties that are several counties apart. In such cases, we can interpret
that such similarity comes from counties with big cities, which are often several
counties apart, and that the spatial patterns are heterogeneous and the diffu-
sion process is mainly hierarchical (CLff and Ord 1981, p. 22). More often, how-
ever, the correlogram curves are irregular and undulating, signaling the existence
of a mixed hierarchical/contagious diffusion process, making the interpretation of
the correlogram that is not smoothly declining more difficult.

If the AIDS diffusion patterns of the four regions follow what has been sug-
gested in previous studies, that is, that hierarchical spread is predominant in
early years and contagious spread to nearby rural counties is predominant in
later years (Gardner et al. 1989a and b; Lam and Liu 1994; Loytonen 1991),
then we would expect that the time-series correlograms would shift from irreg-
ular or V-shape to smoothly declining through time. We examine below if this
hypothesis is true at the regional level.

RESULTS AND INTERPRETATION

The yearly correlograms (Figures 4-7) vary substantially between regions, in-
dicating regional variations in the spatial-temporal patterns of AIDS spread.
The hypothesis that AIDS diffusion is hierarchical in early years and contagious
in later years is most evident in Florida. For the other three regions, AIDS dif-
fusion patterns are more subtle. The following is a synopsis of the results for
each region, followed by a discussion of the possible use of our findings from
the correlogram analysis. To aid interpretation, basic statistics on the number
of new AIDS cases each year, yearly rates, cumulative cases, and cumulative
rates are presented in Figures 8 and 9.
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Northeast

The Northeast region had about one-third of the nation’s total cumulative
number of AIDS cases (50,926 cases) as of December 1990. High-prevalence
areas were along the eastern seaboard at the border between New York and
New Jersey and in areas surrounding New York City (Figure 2). New York
County ranked second in the nation in terms of cumulative incidence rates
(896 cases per 100,000 people), where about 1 in 112 people developed AIDS
for the nine-year period, or 1 in 1,005 people each year. A number of counties
in New York (Westchester) and New Jersey (Passaic, Middlesex, Onondaga,
Mercer, and Morris) were among the top twenty-five counties that had the
highest rates of increase in AIDS during the first period, 198284, but none of
the counties from this region were included in the top twenty-five lists in the
later two periods (1985-87 and 1988-90) (Lam and Liu 1994). This indicates
that the epidemic occurred in this region much earlier than in other parts of
the nation. However, we should caution that although the rates of increase
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were not as high as other regions in later years, the number of new AIDS cases
was still rising each year (see Figure 8).

The Northeast region had the highest positive and negative spatial autocorre-
lation (highest z scores) among the four regions, and the form of the correlo-
grams is most distinctive and consistent through time (Figure 4). Throughout
the nine-year period, the curves generally maintain the same form of decline
with distance, with the first three lags having the highest autocorrelation in the
last two years (1989 and 1990). These smoothly declining correlograms show
that contagious spread was dominant in the Northeast. Also, the high spatial
autocorrelation indicates a symmetrical pattern, with large patches of counties
having high yearly AIDS incidence rates serving as centers of spread to the
neighboring counties. In the Northeast, such centers of spread were composed
of counties that can extend up to three counties apart. Finally, a closer look
at the correlograms shows that a weak V-shape in the first three lags does exist
in the early years (1982-88), indicating the existence of hierarchical spread in
early years, as major cities are close (one or two counties apart) on the eastern
seaboard. As a result, we can interpret that the Northeast follows the national
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trend and the hypothesis that hierarchical spread is predominant earlier and
contagious spread occurs later is true in this region.

California

About one-fifth of the nation’s AIDS cases came from California (31,617 cases)
as of the end of 1990, with high prevalence occurring in San Francisco, Los
Angeles, and their neighboring counties (Figure 2). In terms of cumulative
incidence rates, San Francisco County with a cumulative incidence rate of
1176.50 (cases/100,000 people) ranked first in the nation, implying that approx-
imately 1 in 85 people had been diagnosed with AIDS during the nine-year
period (or 1 in 750 people each year). San Francisco, Los Angeles, and the
counties next to them (Marin, Orange) were found to have the highest rates of
increase during the first period (1982-84), but in 1988-90, none of the counties
from California was among the top twenty-five counties that had the highest
rates of increase (Lam and Liu 1994). Similar to the Northeast region, Califor-
nia acquired the epidemic very early.

Despite California’s high AIDS incidence, spatial autocorrelations computed
for California are unexpectedly low (Figure 5), with only a few of them signif-
icant at the a = 0.05 level. Similar to the Northeast, the general form of the
correlograms throughout the nine-year period is quite stable, but unlike the
Northeast, the curves are V-shaped, with another high positive autocorrelation
point at lag 6 or 7. These correlograms suggest that AIDS spread in California
was dominated by hierarchical diffusion, albeit a weak one. The high positive
autocorrelation at lag 6 or 7 corresponds roughly to the distance between major
cities such as San Francisco (the center in northern California) and Los Angeles
and San Diego (the centers in southern California). Contagious diffusion occurs
at spatial lags 1, 2, and 3, indicating the existence of AIDS spread from major
urban counties to surrounding counties. Through time, it can be observed that
the V-shaped curves become less and less prominent, suggesting a weak trend
of contagious spread in the later years. Overall, the correlogram results do not
support the hypothesis that hierarchical spread is being replaced by contagious
spread in California. Instead, they show that in California hierarchical spread
was still predominant as late as 1990.

Florida

Florida ranked third as a state in terms of the total number of AIDS cases
(13,534 cases) cumulatively as of the end of 1990, with about 9 percent of the
nation’s total. But in terms of incidence rates, Florida was a very close third to
the Northeast and California (Figure 9). More important, Figure 9 also shows
that its annual incidence rate increased drastically and had surpassed the above
two regions in 1990, becoming the highest in annual increase in AIDS inci-
dence rate in the four regions. Orlando (Orange County) and Miami (Broward
County) were among the top twenty-five counties that had the highest rates of
increase in AIDS in 1982-84. But unlike the above two regions, three coun-
ties from this region, including Hardee (near Tampa), Okeechobee (near Palm
Beach), and Nassau (near Jacksonville) were also included in the top twenty-five
list in 1988-90 (Lam and Liu 1994). This is an alarming trend, indicating that a
more effective AIDS prevention program is needed, especially in rural Florida.

Of all the correlograms, Florida’s correlograms are the most drastic and fas-
cinating. Not only are the spatial autocorrelations high, but also the correlo-
grams change considerably through time. The correlograms have two general
patterns: (1) that of 1982 to 1987 and (2) that of 1988 to 1990. In the first two
periods (1982-87), high positive autocorrelation occurs at lags 1 and 2, then
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decreases until it rises again at lag 6, 7, or 8, forming a V-shaped curve. This
suggests clearly the existence of contagious spread from major cities such as
Miami to neighboring counties and hierarchical spread between cities. From
1988 on, the curve has stabilized to a gentle decline, a pattern similar to the
Northeast, indicating the dominance of contagious spread from central cities
to surrounding rural counties. The hypothesized pattern of initial hierarchical
spread followed by contagious spread is most evident in Florida. The implica-
tion is clear: rural Florida should be given more consideration in preventing
HIV/AIDS infection.

Louisiana

Louisiana ranked twelfth in the nation in the cumulative total number of
AIDS cases (2,482 cases) as of the end of 1990. With less than 2 percent of
the nation’s total, Louisiana represented an “average” state in terms of the mag-
nitude and stage of the AIDS epidemic. High-prevalence areas were clustered
around cities such as New Orleans and Baton Rouge. Orleans Parish was in the
top twenty-five list in 198284, whereas Avoyelles Parish, a remote parish (next
to Alexandria) with population about 43,000, was among the top twenty-five
counties in the nation that had the highest rates of increase in AIDS during
1988-90. Steady addition of new cases each year was evident throughout the
nine-year period (Figures 8 and 9), and the trend is expected to continue in
the next decade.

With only a few exceptions, the spatial autocorrelation indices for Louisiana
parishes are generally low, below the statistically significant level. No definite
pattern of correlograms can be found in Louisiana, and year-to-year fluctuation
is high (Figure 7). This suggests that the region is quite diverse and AIDS inci-
dence fluctuates from one county to another, with no definite centers of spread.
The small value of yearly AIDS incidence rates may have contributed to the
fluctuation of the correlograms. This small-number problem is common in med-
ical data such as AIDS or cancer mortality statistics, where occurrence is still
considered uncommon in most parts of the nation (Glick 1977; Meade, Florin,
and Gesler 1988). A strategy to overcome this problem is to group the data
into three three-year periods, 1982-84, 1985-87, and 1988-90 (Lam and Liu
1994). Revised correlograms based on data of these three-year periods could
be constructed to examine the dominant trends of spread and spatial patterns.
Nevertheless, the present correlograms constructed for Louisiana are expected
to be “typical” for many other states in the country with relatively low AIDS
prevalence.

As with any quantitative measures, the correlograms must be interpreted with
caution. In addition to the scale-dependent problem of spatial autocorrelation
measures, the definition of the spatial adjacency matrix (in a binary or continu-
ous form) and the choice of a hypothesis-testing assumption (normal versus ran-
domization) may affect the results and subsequent interpretation. Alternatively,
future studies could include the experimentation of a series of weighting matri-
ces to identify the appropriate distance functions that lead to high spatial auto-
correlation. As for determining the z scores using a different assumption, we
also computed the z scores using the normal assumption and found that the
two sets of values deviate in some cases. This is expected when the data are
not normally distributed (Glick 1977).

To a certain extent, the forms of the correlograms are influenced by the set-
tlement pattern or urban structure of the region. For example, if large cities are
located close to each other, a case similar to the Northeast, it would be difficult
to identify whether the diffusion process is mainly hierarchical, contagious, or
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both. A follow-up study could be conducted to identify in each lag the number
of urban-urban, urban-rural, and rural-rural links to support the interpretation
of the correlograms (Cliff et al. 1975, p- 173).

The correlogram results could shed light on future spatial modeling and fore-
casting. They can be used to serve as a guide for calibrating and selecting
parameter values in these spatial diffusion models. For example, if gravity-
based models are used to forecast the future spread of AIDS and if contagious
spread is found to be predominant in a region, a large distance-friction param-
eter might be used to simulate the effect of distance on AIDS spread. On the
other hand, if hierarchical spread is found to be predominant, distance effect
becomes minimal and a larger city-size parameter may be needed to emphasize
its influence.

CONCLUSION

We have demonstrated in this paper the use of correlograms in describing
quantitatively the spatial patterns and processes of AIDS diffusion in four regions
(Northeast, California, Florida, and Louisiana) of the United States for 1982—
90. Correlograms provide an effective and objective means of comparing the
spatial-temporal patterns of AIDS spread among regions. The same technique
can be applied to other regions or countries as a standard form of analysis for
disease digusion studies and to enhance comparison.

The correlograms show that regional variations in the spatial-temporal pat-
terns of AIDS spread do exist. Yet the general trend of increasing spread to
rural America, as documented in previous studies (Gardner et al. 1989a and b;
Lam and Liu 1994), can still be detected. However, in some regions, such as
Florida, this trend is more prominent, while in other regions, such as Califor-
nia, it is less prominent. The Northeast and Florida were found to be alike in
that contagious spread is dominant, despite their differences in terms of area,
population size, number of counties involved, and location. The correlograms
of Florida also suggest a distinct switch from hierarchical spread in the early
years to contagious spread in the later years. Although with low autocorrela-
tions, California has consistently shown that hierarchical spread and contagious
spread are equally important in this region, with weaker hierarchical spread in
the later years. All these results suggest that in areas of the nation’s highest
AIDS incidence rates, such as the Northeast, California, and Florida, conta-
gious spread has become a more prominent pattern. The disease is spreading
from central cities to neighboring rural counties—a trend that is alarming and
more difficult to cope with, as the resources in rural counties are generally
fewer.

With due regard to its limitations, the information derived from the correlo-
grams can be used to help determine the parameters used in AIDS spatial fore-
casting models, in addition to gaining insights into the spatial-temporal patterns
of the epidemic. Our findings imply that if a gravity-based model is used, for
example, to predict AIDS incidence in the next decade, a larger distance-friction
parameter might be used for the Northeast and Florida, whereas for California,
a larger population-attraction parameter might be more appropriate to simu-
late the presence of hierarchical spread. In the case of Louisiana where no
definite patterns of AIDS spread was found, our results point to the need
to group AIDS data into longer time intervals (for example, three-year peri-
ods) for states with relatively low AIDS prevalence for better description and
prediction.
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Richard Thomas

Alternative Population Dynamics in Selected
HIV/AIDS Modeling Systems: Some Cross-National
Comparisons

This paper examines how demographic representations for the different risk
populations influence the epidemic outputs of a simple process-based HIV/
AIDS model. Alternative demographic specifications are presented in conjunc-
tion with transmission rules for both community and regional settings. Then, the
existence, or nonexistence, of equilibrium solutions to these various models is
determined to evaluate whether the forecast AIDS series will persist indefinitely
or eventually terminate. Last, simulations for countries with distinctive birth
and death rates are used to summarize the effect of this variation on the timing
and size of the epidemic. All the results assume an epidemic that is unaffected by
the practice of safer sex.

In their analysis of chaos and periodicity in childhood disease epidemics, Olsen
and Schaffer (1990) note how it is the usual modeling practice to assume that
population size remains constant throughout the duration of study. This sim-
plification, which also implies an equality between births and deaths, is justifi-
able on two counts: first, the incidence of most of these infections displays annual,
or biannual, periods during which population change is likely to be negligible; and
second, these infections usually make a very small contribution to human mor-
tality. Neither of these statements, however, is applicable to the incidence of
HIV (Human Immunodeficiency Virus)/AIDS (Acquired Immune Deficiency Syn-
drome), where the long incubation period from infection to the onset of overt
symptoms of disease is largely responsible for the slow, but deadly, progress (Gould
1993) of a pandemic with an, as yet, unobserved periodicity (Thomas 1993a; 1993b).
These revised circumstances suggest that birth and death rates might well vary
during the epidemic causing the populations at risk to be replaced unevenly
through time. Similarly, the long experience of AIDS in central Africa (Barnet
and Blaikie 1992; Smallman-Raynor and CLiff 1991) indicates the potential of the
disease to make a significant contribution to total mortality.

To date, the consequences of these demographic effects have not been explored
in great detail in the literature on modeling the progress of HIV/AIDS. In their
recent review of this topic, for example, Anderson and May (1991) describe a
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