
Approximately half a million children are born annually in 
rural areas of the United States; over three quarters of rural 
mothers give birth at a local hospital, revealing a reliance 
on local obstetric care.2 However, many rural hospitals 
have been forced to close birthing centers due to financial 
reasons, leaving expectant mothers to travel farther for 
obstetric care or not receive care at all. Fifteen rural 
Minnesota hospitals stopped delivering babies between 
2000 and 2015.5 Studies have shown a decrease in 
accessibility of obstetric care is linked to increases in 
infant mortality,3 while greater travel time is found to be a 
risk factor for complications in childbirth.1 With a 
modified gravity model from Schuurman et al., we 
calculated the spatial accessibility to obstetric care for 
women of childbearing age in an attempt to identify which 
areas have the lowest access to obstetric care and how 
many women are affected. We then attempted to explore 
associations between between our accessibility metric and 
demographic data in order to determine areas of further 
research. 
Accessibility: Accessibility can be broadly defined as 
the ability of a population to obtain obstetric services.7

Hospitals With Obstetric Care (OB): Obstetric care is 
defined as a hospital that staffs at least one obstetrician 
gynecologist (OB-GYN) and has a birthing center where 
caesarean sections can be performed. 
Childbearing Age (CBA): As defined by the United 
States Census, a woman of childbearing age is between 
15-50 years old. 

Figure 2: Travel time to Obstetric hospitals. This data was sourced using an 
ArcGIS Online proximity program and hospital location data for all hospitals that 
were within a two county buffer to our study area. Projected in NAD83 UTM Zone 
15.
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What can accessibility scores tell us?

Accessibility scores are a useful metric for discussing who may have 
access and in what areas. Our accessibility metric allows us to 
determine how many women of CBA live in areas with low 
accessibility of OB relative to other access scores in the study area 
(Figure 5). In our study area, for example, over 20,000 women live 
in areas with access scores of 5.0 or less. This can be interpreted as 
relatively low access when compared to the highest access score of 
14.3. 
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Figure 3: Accessibility to obstetric care. Lower accessibility scores correspond to lower access. Legend bins were determined by Jenks natural breaks. 
Projected in NAD83 UTM Zone 15.

Figure 1: Chosen study area of St. Louis, Lake, 
and Cook counties in Minnesota.. 

Figure 6. Bins determined by Jenks natural breaks. 
Projected in NAD83 UTM Zone 15.

Figure 7. Bins determined by Jenks natural breaks. 
Projected in NAD83 UTM Zone 15.

Using variables of travel time, number of OB-GYNs, and number of 
women of CBA per Census block, we used a modified gravity model 
from Schuurman et al. to develop an accessibility metric for OB in 
three largely rural Minnesota counties. Our accessibility scores 
allowed us to see where in our study area women of CBA have low 
potential access to OB, a variable often linked to higher child and 
mother mortality. Additionally, we calculated the absolute number of 
women of CBA for each accessibility score in order to determine 
how many are potentially underserved. Approximately 5,000 women 
of CBA live in the areas with the lowest accessibility scores; this 
means approximately 10% of the women of CBA in our study area 
have accessibility scores ~ 5 times less than those with the highest 
accessibility scores. Some exploratory analysis showed associations 
between these areas of low access with areas of low median 
household income and higher percentages of non-white populations. 
Such information may be useful to both rural health and economic 
policymakers to identify which low access areas should be 
prioritized. 

Conclusion

This study has multiple limitations. The Modifiable Areal Unit 
Problem created difficulties as areas of influence and travel time did 
not align with block group perimeters, meaning we were unable to 
explicitly incorporate economic and racial variables and controls into 
our model. Additionally, previous studies show persistent racial and 
socio-economic disparities in obstetrical quality of OB.4 Future 
research should not only look at access to OB but also on the quality 
of care women are receiving. Further research should be done on the 
accuracy of our access model and if it is reflective of actual OB 
access. This may involve sampling women of CBA in our study area 
and recording actual OB usage. Finally, our definition of OB only 
required an OB-GYN and a space in which to perform a cesarean 
section. However, obstetric care requires many resources and requires 
multiple staff to be on hand during procedures; some rural hospitals 
may not have this as at least two hospitals in our study area share 
OB-GYNs. 
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Where:       = access;        = supply of OB-GYNs at nearest 
hospital; = a travel time impedance function; = 
travel time from polygon i to physician location j; Dj = 
demand at physician location j. Demand was determined 
from:

Where: = population at population point k; and 
= the travel time impedance function for travel from 
population point k to physician location j. Travel time 
impedance was calculated as time in minutes, t, from point k 
to point j, over 15, the lowest time interval. Departing from 
the traditional modified gravity model, we employed a ß
coefficient of 1 to represent the decay in our travel impedance 
function; Schuurman et al. argue that linear functions may 
better describe rural demand of certain resources, such as 
medical care. 

Using ArcGIS Online we ran a road network analysis of driving 
time to OB hospitals within a two county buffer of our study 
area. The number of OB-GYNs was obtained from the websites 
of each hospital. With ArcMap we created intersecting polygons 
by time and area of influence for each hospital. US Census 
Block data, with a field for the total number of women of CBA 
per block, was spatially joined to the intersecting polygons. 
Based on prior research by Schuurman et al., access scores were 
determined using the modified gravity model equation:
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Figure 5. Number of women of CBA by accessibility score in Cook, Lake and 
St. Louis counties, Minnesota. 

Our accessibility score is a function of travel distance to OB, the number of OB-GYNs, and 
population of women of CBA per Census block group. However, this score does not account for 
the socio-economic barriers that often determine whether resources are accessed. We explored 
associations between block group demographic data and our OB access scores. There appears to be 
a moderate negative association between median household income and OB access score (Figure 
6) and a slight positive association between percent non-white population and OB access score 
(Figure 7). 
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