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Summary 

This paper describes the development of an indicator of use in the analysis of 
regional travel patterns for health care services. The indicator is derived using two 
different models which describe the relationship between utilization and travel dis- 
tance. Results from both models are compared in terms of their validity, sensitivity and 
usefulness in describing health service areas and to population-based policy analysis 
concerned with access-to-care for rural populations. 

travel distance; utilization; access indicator; rural health 

The spatial dimension of the analysis of access to health care services has received 
persistent attention by health policy planners over the years. An extensive literature 
exists which describes and analyzes the effects of physical distance on health service 
utilization [l-5]. The inverse relationship between travel distance and use for rural 
populations is well documented and a number of mathematical models have been 
adapted from the geographical literature on spatial behavior of consumers for expla- 
natory purposes [6-91. Because of the urban concentration of many health resources, 
the disparity in geographic access between urban and rural populations has been an 
historically important issue. Describing the outcomes of strategies which attempt to 
address this disparity is a task central to the analysis of access-to-care policies. 

This paper describes an indicator of use in depicting the distribution of distances 
traveled by rural clients to urban centers for health care. If utilization (or some 
modification of it) is plotted against travel distance, the straight line representing the 
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best fit of all data points is an approximation of the distribution of distances traveled to 
receive care. The line, if rotated around a point at the urban center, describes the area 
served by that center. The slope of the line becomes a summary indicator of the travel 
distance distribution. 

If the utilization measure is represented by the fraction of clients traveling a specific 
distancC Xi to an urban center of all clients receiving care, changes in the slope directly 
reflect changes in this fraction. The fraction is a modification of the commitment index 
as defined by Griffith [lo]*. Two models, one linear, one non-linear, are used to 
describe the relationship between utilization and travel distance and to calculate the 
line slope. The results are compared.\;rith a categorical approach to analyzing travel 
distance patterns and service area changes. 

Problem application 

The system of ambulatory clinics which delivers thevast majorityofelectiveabortion 
services in the United States is almost entirely urban based. While many new providers 
have established clinics over the past eleven years since abortion laws were liberalized 
in the U.S., they have done so overwhelmingly in selected metropolitan areas. For 
rural women, getting an abortion means traveling long distances. Travel patterns 
frequently resemble those of specialized hospital-based services. From a public health 
perspective, reducing the access disparity between urban and rural women has been a 
continuing issue of concern although attempts to shorten travel distance for rural 
women by encouraging rural hospitals to offer elective abortions have met with little 
success [II]. In the meantime, a competitive situation has evolved among many 
urban-based free-standing abortion clinics which, after need has been met within the 
immediate area, must attract clients from further distances in order to maintain 
revenues in a highly inflationary medical system **. Some evidence suggests that clinics 
target specific populations, often geographically defined, for direct advertising and for 
establishing individual physician referral networks [ 121. The extent of this outreach 
has some potential for increasing access for rural women due to the fact that travel 
distance .barriers are compounded by a lack of information about available providers 
[S]. Describing changes in the geographical area served by clinics in urban centers is 
central to an analysis of the degree to which urban-based providers have been able to 
meet the needs of rural women. 

Method 

A patient origin study was conducted for clients traveling to three clinics in a 

* The commitment index has been used to define the service area of a hospital and looks at how much a 
facility depends on a specific geographic area (for example, a census tract or county) for patients. It is 
calculated by dividing the number of discharges from hospital X to area Y by the total number of 
discharges from hospital X. 

** Prices charged for elective abortions have actually decreased in real dollar terms since 1973 [ll]. 
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southeastern city (city A) to obtain elective abortions during the period 1975-1979. 
The three clinics provided nearly 90% of all first trimester procedures in the city during 
this time interval. City A, population approximately 190 000, is located in a predomi- 
nantly rural area. 

County-of-residence data for each client were abstracted from health department 
records. Because specific addresses were not available for reasons of protecting client 
identity, it was necessary to approximate the actual distances traveled by clients. An 
average distance for each county to the center of city A was calculated by summing the 
weighted distances of each population center within the county. Weights represented 
the fraction of residents residing in a centerjof all residents of incorporated towns and 
unincorporated towns in the county for which population counts were available. This 
procedure presumes that residences of abortion clients are distributed throughout a 
county in the same manner as those of the general population. County-to-city travel 
distance is expressed as 

distancei = WliXli t W2iX2i + . . . . for each county i 

Pji 
Wji= - 

ZPji 
for each county i 

j 

where pji = population in center j for each county i; and xii = shortest highway 
distance from center j in county i to city A. 

The areas of counties involved in this analysis are relatively small and the majority of 
the population is clustered in two or three towns. The county seat is often located close 
to the geographical center of each county. Using it to approximate a travel origin point 
to the city could represent a simpler method for approximating travel distance. 
Comparative results of the weighted distance measure and the county seat approxima- 
tion are presented in Table 2 in a later section of this paper. 

A modified commitment index for city A was calculated by dividing the number of 
clients traveling from each county iat a distanceXifrom the city by the total number of 
clients attending the three clinics. This fraction is the proportion of women using 
abortion services in city A who have traveled Xi miles to receive those services. 

Linear model 

By assuming a linear relationship between distance and utilization, values of the 
commitment index for various travel distances can be estimated by the following 
equation: 

CI, = a + bXi 

where CI, = (number of clients traveling distance X,/total number of clients) X 100; Xi 
= distance traveled to city A from county i; and a,b = constants. Estimates for a and b 
are obtained by linear regression. The magnitude of b, the slope of the line, is a 
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reflection of the size of the service area. A large negative value would signify a 
relatively small, urban-focussed service area while a less negative value of the slope 
would represent a larger area which included a larger fraction of rural clients. 

Non-linear (gravity) model 

The geographic literature suggests that the relationship between distance and utili- 
zation is better approximated by an exponential function, particularly as applied to 
rural areas. Based on an application of Reilly’s law of retail gravitation, this relation- 
ship can be expressed as follows: 

CI, = a,XpP 

where CIi and Xi are defined as before and ag and bs are constants. By taking the 
logarithm of both sides of this equation, the constant b, can be interpreted in the same 
manner as for the linear model. That is: 

log CI, = log ag + 6, log Xi 

Estimates for b, are obtained from a linear regression of log Xi on log CI,. 

Validity 

Table 1 shows the results of calculations of the slope indicators b and bs for the two 
models for each year of the 1975-1979 period. These are contrasted with a categorical 
indicator defined as the percentage of all clients traveling 20 miles or less to city A. Two 
points of difference are apparent. Using the 20 mile category as a proxy for urban 
clients, a slight increase (+1.2%) in the fraction of urban clients served by city A 
occurred from 1975 to 1976. This fraction subsequently decreased uniformly through- 
out the remainder of the analysis period. Values of the slope indicator derived from 
the linear model became less negative consistently during the entire period. Values 
derived from the gravity model followed this same pattern year-to-year except for the 
last interval, 1978-1979, when the slope became more negative*. Thus, using the slope 
indicators, an increasing annual fraction of rural clients is depicted. The linear model 
shows a consistent increase while the gravity model exhibits an increase until 
1978-1979 when it depicts a shift to a larger share of urban clients. The slope indicator 
derived from the linear model is in better (although not complete) agreement with the 

* The 1975-76 difference reflects the fact that one of the three clinics, with a predominantly urban 
caseload, was in operation for only part of 1975. Totals for 1976 represent a full year caseload. Both 
slope indicator models weighed this effect less than did the categorical model. 

For 1978-79, the actual total number of cases increased from 4132 to 4806, a 16.3% increase. More of 
this increase came from women traveling 21 miles or more (a 18.9% increase) compared with those 
traveling 20 miles or less (a 13.1% increase). The gravity model weighs the latter cases more heavily. This 
is reflected in the value of the slope bg which became more negative during the 1978-79 interval. 
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categorical indicator than is that derived using the gravity model. It should also be 
noted that the trend depicted by the percentage of clients traveling 20 miles or less 
provides no information about the distribution of clients beyond the 20 mile category. 
The slope indicator avoids the issue of how to define distance categories by represen- 
ting the entire distribution of travel distances. 

How strong is the relationship between distance and utilization? Average values of 
the five year period for the correlation coefficient(r) and coefficient of variation (r’) for 
the linear model are 0.614 and 0.377 respectively. Corresponding values for the gravity 
model are 0.683 and 0.464. Each is significantly different from zero. A higher percen- 
tage of variance in the commitment index is explained by the gravity model (averages 
of 46.7% compared with 37.7%). If the county seat is used as the travel origin point to 
approximate travel distance, similar results are obtained. Both the weighted distance 
method and the county seat travel origin approximation are in agreement in terms of 
trends from year to year as depicted in Table 2. The strength of association between 
distance and utilization is significantly greater than zero (P < 0.0 1) for both linear and 
gravity models. However, while travel distance accounts for a relatively large share of 
the variation in the commitment index value as a single variable, at least half the 
variation must be accounted for by other variables. With this limitation in mind, the 
sensitivity of the slope indicator to shifts in the fraction of urban and rural clients is 
examined next. 

Sensitivity 

The sensitivity of categorical, linear and gravity model-based indicators was com- 
pared by recalculating their values after shifting 20% of clients traveling from within 
city A to distances greater than 50 miles. Table 3 presents these data. While the 
percentage variance in the commitment index explained by both linear and gravity 
models decreases with this shift, r values remain significantly different than zero (P < 
0.02). Values of the slope, 6, become less negative, agreeing with the direction of the 
change and reflecting a larger share of rural clients. A 20% shift of clients to travel 
distances greater than 50 miles results in a 26.8% decrease in the slope for the linear 
model and a 21.3% decrease in the slope for the gravity model. Thus, the slopes 
resulting from either of these models are slightly more sensitive to population shifts 
than the categorical indicator. 

Feasibility, clarity and applicability 

Data requirements for calculating the slope indicator b are the same as those 
required for patient origin studies generally. The availability of mini-computer sys- 
tems and the ease of use of statistical software programs which include least-squares 
regression make the additional labor required in calculating estimates of b minor. 

The problem posed in this paper considered the dependence of three providers 
collectively on the surrounding community for clients. The slope indicator could be 
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TABLE 3 

Sensitivity of indicators to a 20% urban to rural shift in travel distances (1977) 

Indicator Before shift After shift 

Linear model 
b 
% change 

-0.328 -0.240 
26.8 

Gravity model 
b 
% change 

-1.408 -1.108 
21.3 

Categorical model 
(No. traveling < 20 miles/total clients) X 100 
% change 

45.7 36.5 
20.0 

useful in comparing service area characteristics between providers as well. For exam- 
ple, a comparison of b values calculated using the linear model for each of the three 
clinics reveals the extent to which each provider depends on urban (or rural) clients 
relative to other providers. For 1977, b values for clinics 1,2, and 3 are -0.200, -0.388, 
and -0.272, respectively. Clinic 1 is relatively more dependent on a rural clientele, 
clinic 2 on an urban clientele and clinic 3 represents an intermediate case. Comparing 
changes in b over time allows the analyst to track changes in the proportion of rural 
and urban clients served by each clinic relative to the others. 

YEAR 
1975 

1976 -- 
1977 -_. 
1978 -...-. 
1979 .__--___. 

s’o 

Fig. 1. Travel patterns: slope indicator. b,) = -0.438; by6 = -0.366; b,, = -0.328; b,, = -0.326; bT9 = -0.311. 
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Figure 1 illustrates graphically the relationship between the slope indicator b and 
travel distance distributions derived using the linear model. While the gravity model 
does a better job of approximating the relationship between travel distance and 
utilization, the interpretation of b is less direct. It is for this reason that an estimate of b 
derived from regressing travel distance directly on the commitment index is more 
useful as a summary indicator. Data depicted in Figure 1 show travel distributions for 
the years 1975 through 1979 as summarized by b values for each year. Such types of 
analysis comprise an important share of the regional health analyst’s work in evalua- 
ting policy proposals which necessitate population-based analysis. 
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