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Abstract

Background: This paper addresses a long-standing issue for smaller and un-
derserved rural communities--their ability to financially support needed physicians.
Whether because of their small population base, isolation, poor insurance coverage
of residents, or competition from larger places, communities report losing out in the
competition for physicians because the market realities limit the income potential of
physician practice. In sum, we posit that in competing for physician services, many
underserved towns are in fact “demand deficient”—too small, to poor, or too
disadvantaged in geographic competition to support sufficient viable private
practices. To measure the extent of the problem, this paper reports on an
experimental simulation model that projects potential practice income for primary
care physicians in rural communities of Washington State as of 1997. We then
compare the number of full-time equivalent (FTE) physicians who could be
potentially supported, with actual physician supply. The prevalence of
communities with physician supplies below their economic potential is estimated, as
is the degree to which communities in Health Professional Shortage Areas (HPSAs)
can be characterized as having inadequate physician income potential.

Methods: We use detailed data available for Washington State to test the
feasibility of constructing physician income potential models. The units of analysis
are all rural Census places and their surrounding areas (included as Census-defined
Minor Civil Divisions). The radius of the area differs according to town size. The
total spending for primary care physicians is estimated using age-sex-poverty status
coefficients from the National Medical Expenditure Survey, supplemented by
unique Part B Medicare data on the proportion of rural physician revenue from non-
office based services. Just as important as total expenditures on physician services
generated by a community is expected market share. Community size and the
distance to other cities and towns are crucial determinants of market share and thus
the capacity of small towns to attract and support primary care practices. A unique
feature of the research is the modeling of the expected share of expenditures that
would flow to a rural town given the distance to competing loci of care. Medicare
Part B patient data are used to estimate a market share model and the results used to
estimate the influence of neighboring towns in reducing potential income.

Results: The distribution of physicians among towns follows predicted
economic potential. That potential varies dramatically even among towns with
similar populations due to the pull of competing locations for primary care. The
pull of larger regional centers is difficult to model, primarily because of the wider
geographic reach of their market areas. Surprisingly, the types of rural communities



most likely to have fewer physicians than suggested by the projected potential are
not small isolated towns, but larger communities with above average population
growth, closer proximity to metropolitan areas and somewhat lower average family
incomes. Towns in HPSAs turned out to be predominately constrained by demand
deficits. They were either operating at or above projected capacity and still short or
had the demand to support more physicians but not sufficient demand to lower
their primary care physician ratio to 1:3000 population.

Policy Conclusions: The nature of the barriers faced by rural communities
has implications for public policy. Strategies such as the National Health Service
Corps use a one-time “signing bonus” to overcome physicians’ initial reluctance to
locate in an underserved area. An alternative approach is to address long-term
income disadvantages by offering continuous subsidies such as the enhanced
Medicare payments for certified Rural Health Clinics or the 10 percent Medicare
supplemental payments for care provided in a HPSA. The one-time “signing
bonus” approach posits as the principal problem overcoming initial reluctance to
practice in rural communities, which otherwise have sufficient demand to support
the long-term retention of awardees. Thus the effectiveness of loan forgiveness
programs compared to ongoing income supplements depends in part on the nature
of the problem.

Our results from Washington State speak to the adequacy of current
incentives to address the problems of underserved rural communities. First,
physicians do in fact face strong spatial competition, even for highly localized
demand for primary care. Small-town physicians lose significant market share—not
so much to cities but to regional rural centers. An understanding of how these
centers have emerged is clearly relevant to helping other communities build their
own capacities.

Second, the correspondence between projected capacity and number of
physicians points to rational location decision making by physicians. A simple
planning model available to sponsoring hospitals and practitioners that included
expected market share could be a useful tool in local expansion decisions.

Third, most communities located in HPSAs predominately appear to suffer
from demand deficits. Ata minimum, a one-size-fits-all policy to support shortage
areas does not respond to the different constraints faced by communities. In
particular, demand-constrained towns will require continuous subsidies to make up
for an insufficient volume of paying patients, patients that nonetheless lack
geographically proximate sources of care. The National Health Service Corps



strategy of a single up-front incentive payment assumes that sufficient demand is
present. The results of this study call this assumption into question.

Extending the project model to other states would be useful but difficult since
detailed data and specific adjustments appear to be required. A further challenge is
understanding the nature of physician markets in places where actual physician
supply significantly diverges from projected income potential.






Introduction

Some years ago a psychiatrist moved into a small town in eastern Montana.
The high prevalence of substance abuse and depression coupled with the lack of any
other mental health providers meant that she was busy and the community grateful
for her care. After two years, however, she closed her office and left town unable to
create an economically viable practice. Despite the long-standing concern over
physician shortages in rural America, anecdotal evidence such as this true story
attests to the economic difficulties confronting rural practice. Programs designed to
alleviate health personnel shortages generally define shortage areas in terms of the
gap between population-based norms and the actual number of providers. Thus,
the national standard for primary care geographic Health Professional Shortage
Areas (HPSAs) is generally 1 to 3,500 residents. A relevant question, however, is
how many of the communities failing to meet this standard have populations
insufficient to actually support an economically viable physician practice. Indeed,
one long-standing criticism of HPSA designation criteria is that they ignore the
economic realities of small town practice (Kehrer et al., 1990).

Communities with high shares of the old, underprivileged socioeconomic
groups, or families with poor insurance coverage, may lack a sufficient revenue base
to support the practices needed to meet minimal access standards. Such deficits can
be multiplied by proximity to larger market centers that effectively siphon off
younger insured patients, leaving the small-town doctor marooned with
disproportionate shares of patients who are too poor or too old to travel for care.
Thus rural physicians, particularly those in underserved settings, often feel
overworked but nonetheless may not welcome the arrival of a new practice in town.
More generally, regions with decreasing population, declining economies, and
improving transportation find that more and more of their towns are too small to
support more than one (overworked) physician or any physician at all.

This paper posits that rural communities can experience two distinctly
different types of handicaps in competing for physician services: “demand- deficient”
communities, which are too small, too poor, or too disadvantaged in geographic
competition to support sufficient viable private practices, and “ambiance-challenged”
towns (for want of a better term), which have a sufficient patient revenue base but
have too many other deficits to effectively compete for health personnel.

For primary care physicians, demand-deficient towns may be characterized by a
small population base, low income, high rates of Medicaid or inadequate insurance
coverage, residents who traditionally avoid physician visits, low population density



of surrounding natural market area, and short travel distances to proximate alterna-
tive sites of care. The problem of a weak competitive position due to the growing
dominance of a few commercial centers or the historic pull of well-established
practices in other towns has received comparatively little attention. Previous
research has, however, repeatedly demonstrated its implications through the
influence of economic incentives on physician location decisions (Escarce et al., 1998;
Rosko & Broyles, 1988). Particularly relevant to underserved communities, Pathman
and colleagues (1992; 1994) tracked the retention of physicians locating in low-
income and isolated rural towns and found low professional income to be the
primary factor associated with elevated exit rates. Similar findings have been
reported for a cohort of graduates from Jefferson Medical College (Rabinowitz et al.,
1999). Even when physicians do locate in demand-deficient towns, an unknown
portion of their rapid turnover is related to the termination of their two-year salary
guarantees.

Ambiance-challenged communities suffer from an often related, but conceptually
different problem. They serve enough potentially paying patients to support one or
more practices but also have well-known disincentives such as isolation,
unattractive geographic setting, lack of educational or employment opportunities for
family members, limited cultural amenities, or poor quality public services. More
generally, they may lack community cohesion, organization, or leadership. Some of
these factors, such as a high incidence of poverty, detract from both potential
demand and ambiance. There is extensive research on the personal characteristics of
physicians related to specialty and location choice. Location-specific barriers such as
those listed above have been repeatedly documented (Council on Graduate Medical
Education, 1998). The amount of literature on the rural community characteristics
related to success in physician recruitment and retention is far less voluminous.
Using county data, Kindig and Movassaghi (1989) demonstrated the negative effect
of a small population base and low population density. Unpublished research by
Wright (1985) found that controlling for population, rural towns with low per capita
income, geographic isolation, lack of post secondary institutions, and high shares of
minority populations relative to a surrounding county all significantly reduced the
probability of attracting a new primary care physician.

In sum, an ambience deficit is not an objectively defined barrier but a multi-
dimensional reality that will be viewed differently by different physicians. Givena
stock of individual physicians willing to consider rural practice, the question for
each community is its competitive position relative to other locations. While a
town’s high ambience may compensate for the low economic potential of a new
practice, we posit here that a far more common requirement is that a community be



able to economically support the needed number of physicians. This is particularly
true if higher income is needed to compensate for perceived low ambience. Since
rural fees tend to be lower than urban, meeting minimum practice income
expectations is highly dependent on patient volume (American Medical Association,

1997; Wright, 2001).

The nature of the barriers faced by rural communities has implications for
public policy. One public strategy uses one-time “signing bonuses” for newly
recruited physicians to overcome initial reluctance to locate in an underserved area.
Examples of this approach include the loan repayment incentives of the National
Health Service Corps (NHSC) or Australia’s incentive payments for practicing in
remote settings (Cameron, 1998; General Accounting Office, 1995). An alternative
approach is to make up for long-term income disadvantages, related to either
insufficient patient volume or disproportionate reliance on the low reimbursements
of public insurance programs, by long-term, continuing subsidies. This is the
strategy underlying the Medicare Incentive Payment Program, which offers bonus
payments for physicians located in an HPSA or the Medicare and Medicaid Rural
Health Clinic (RHC) program. The former offers a 10 percent supplemental
payment made for every patient encounter in a geographic primary care HPSA; the
latter pays a cost-based encounter rate (subject to a maximum) for qualifying rural
practices located in designated shortage areas or serving an underserved population
(General Accounting Office, 1996; General Accounting Office, 1999).

The one-time “signing bonus” approach posits that ambience deficits are the
principal problem and assumes that practice sites otherwise have sufficient demand
to support long-term retention of awardees. In contrast, the long-term subsidy
approach directly addresses demand deficits. Thus, the effectiveness of the loan
repayment provisions compared to ongoing income supplements depends in part on
the nature of the problem. If NHSC sites have insufficient demand or public
subsidies, the resulting income penalty will undermine the stated goal of retention.

Ideally, an up-front payment could be set high enough to equal the present
discounted value of a stream of future income subsidies. In practice, NHSC
inducements are related to educational debt acquired in the past and not to future
income needs. Indeed, low incomes paid by the NHSC practice sites are a source of
discontent for over 40 percent of current NHSC physicians obligated by scholarship
(Konrad et al., 2000, Table IIL.5). The alternative long-term subsidy policy can also
be construed as directed at both deficits—offsets to income gaps as well as
professional disadvantages and other ambience problems. In practice, the HPSA
bonus payments are criticized as too small and scattered to have much effect on
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physician decision making, and the more considerable financial assistance of the
RHC program depends not on shortfalls in income potential but on the share of
Medicare in practice revenue and substantial state-to-state variations in Medicaid
policy (General Accounting Office, 1996; General Accounting Office, 1999; Ormond
et al., 2000). Without information on the size of income shortfalls the subsidies are
designed to address, or indeed whether income difficulties are the binding problem
facing rural communities, the effectiveness of these programs is difficult to measure.

Thus a key workforce issue is the interplay of three measures of primary care
physician supply—the number actually practicing, the potential number that a
community could support, and the number needed to meet minimum access
requirements such as a ratio of 1 physician per 3,000 population. What proportion
of underserved communities essentially lack demand sufficient to support minimum
access standards? We do not know, for example, what proportion of HPSA
communities are capable of supporting the required number of physicians without
continuing practice subsidies.

On the community and physician practice level, modeling physician income
potential could assist in more realistic planning and act as a basis for assessing the
actual capacity of a community to support the desired number of physicians. A
simplified template or model available to local hospitals and group practices could
prevent recruiting efforts based on unrealistic projections of future income streams.
Simple norms of expected visits per person that are currently used in planning need
to be adjusted for the realities of poverty, income inequalities, and competition from
alternative locations.

In response to these information gaps, this study presents an experiment in
modeling the income potential of primary care physicians in each of Washington
State’s 135 rural towns. The model is based on national utilization norms and the
experience of similar communities statewide. Limiting the research to one state
allows for the use of extensive state-specific data that substantially enhances the
realism of the model. This paper reports on the estimating model, applies the model
to Washington’s towns and tests the implications of the results. This research
addresses the following questions:

* To what degree do demographic and income profiles differ among rural
towns of similar size and are these differences important factors in the
economic viability of physician practices?

* How closely do projections of the number of primary care physicians that
can be supported by a community correlate with actual physician location
statistics?
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e What community characteristics correlated with unusually high or low
supply relative to projected financial capacity?

e What proportion of underserved communities suffer from apparent
demand deficient handicaps?

A final goal of the study has been to test the possibility of creating a multi-
state or national projection model. Some of the key data sources were selected with
an eye toward future application.

Methods

We project the number of physicians that can be supported by a particular
community by (1) defining market areas, (2) calculating expected expenditures for
physician services based on population characteristics, (3) estimating the market
share of the area that would flow to any one town given the distance to those
neighboring communities with competing physicians” offices, and (4) applying a
normative estimate of the minimum gross income required per primary care
physician full-time equivalent (FTE). The focus of this study is not on measuring the
actual income received by physicians, but on the potential income that could be
expected to flow to physicians setting up practice in a rural community. Actual
income will of course depend on a myriad of unmeasured factors including the
tenure, primary care specialty, and personality of local physicians.

Defining Market Areas

Rural Towns: Since the geographically large counties in Washington State
extend Metropolitan Statistical Areas (MSAs) into functionally rural areas, we define
“rural” in terms of the ZIP-code based generalist Health Service Areas (HSAs)
originally developed by the University of Washington’s WWAMI Rural Health
Research Center and adopted by the state’s Department of Health (Washington State
Department of Health, 1994). Within these rural HSAs, the unit of analysis is the
“town” and not the county or market area. We use this micro geography because
virtually all physicians are located within town boundaries that are also the locus of
all health care services. The question of how many physicians a community needs is
typically discussed in terms of a local town. This is particularly true in western
states with their geographically large counties.
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Operationally, the universe of towns was defined as all Census places that are
also recognized as a postal place by the US Postal Service. Both restrictions are
required in order to generate community-level Census data and to locate physicians
by mailing address. In Washington State only four Census-defined rural places
were not also recognized by the Post Office. Some 15 towns (mostly on islands in
the Puget Sound) were recognized by the Post Office but not the Census Bureau.
Also excluded were military bases and places in Indian reservations. A somewhat
bigger problem is posed by the phenomenon of “Census Designated Places,”
unincorporated settlements that are identified by the Census Bureau as places but
may not be recognized by the Post Office. The result is an artificial balkanization of
a central place. For this reason we excluded from the study a regional center in
central Washington, Wenatchee, which is defined by the Census as a cluster of six
contiguous places. In sum, of the 152 towns in our Census universe, 135 are retained

by the study.

Market Areas: The paper does not identify the actual market areas of
Washington’s rural towns, but defines a consistent market area around each town
and then estimates the town’s expected share of that market. The geographic
building blocks of these market areas, Minor Civil Divisions (MCDs), are the
primary subdivisions of counties, often termed “townships” in northeastern states.
In states such as Washington that have no such administrative units, MCDs are
defined by the Census Bureau.

For small towns under 10,000 population, the market area included all MCDs
that fell within an eight-mile radius. For larger places the radius was expanded to
14 miles. The eight-mile radius is consistent with 20 minutes of travel time to a
primary care physician, a common access norm. According to the National Health
Interview Survey, the mean travel time for a physician visit in nonmetropolitan
areas is 20 minutes (Office of Technology Assessment, 1990, Table 10.20). The wider
radius reflects the greater drawing power of larger places. The market areas were
edited in particularly mountainous areas or where large bodies of water are
involved. To increase the realism of the model, we assumed that physicians in
smaller towns would not draw patients from neighboring larger places. That s,
when two or more towns were located in an MCD, the population of larger places
was not included in the market area of smaller places.

An important feature of the model is that the circular market areas of each
town may overlap. Thus MCDs are not uniquely allocated to only one town’s
service area but can be shared by different competing towns. While the use of
smaller Census tracts would increase the precision of radius-defined market areas,
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we elected to use MCDs as the geographic building blocks because they had been
previously defined for all rural places in the U.S. (Wright, 1998). We also use MCDs
to calculate “Local Regions”—standardized areas surrounding each town. Counties
are poor units of observation with which to gauge a community’s immediate region
since they differ greatly in size, and the relationship of any town to the center of its
county is hardly fixed. Similar to market areas, we draw a radius averaging 15.93
miles around each town (generating 797 square miles, which equals the median
geographic area of all US counties) and include as a “Local Region” all MCDs whose
centroids fall within the radius. The radius is flexible depending on terrain and
travel speeds. Local Regions are used to measure the relative geographic status of
towns (e.g., poverty rates relative to the surrounding region).

Physician Supply: The number of practitioners located in a town is
measured in terms of FTEs and not simple head counts of physicians. This approach
reflects the fact that physicians can work part time or operate in two or more
separate offices. Although recent research at the WWAMI Rural Health Research
Center emphasizes the critical role of nurse practitioners and physician assistants in
meeting primary care needs, we simplify the analysis and focus only on physicians
(Larson et al., 2000). Primary care physicians include family medicine, general
practice, general pediatrics, and general internal medicine. The counts of physicians
by FTE are derived from ongoing work of the WWAMI Center for Health Workforce
Studies with Washington State’s 1999 licensure data that include a questionnaire
covering weeks worked per year, weekly hours and patient visits. Manual checks of
physicians in small towns verified and updated the licensure counts. The adjusted
licensure data were found to be more complete than the American Medical
Association’s Masterfile. The full-time standard used to assign FTEs was 105
ambulatory visits a week.

Projecting Expenditures on Primary Care Physicians

We project total spending for primary care physician services from each
market area in three steps: (1) estimate total spending for physician office visits,
(2) restrict these dollars to the share going to primary care physicians rather than to
specialists, and (3) add to visit expenditures an estimate for nonoffice care such as
physician charges during hospital stays and emergency department visits. Total
spending is projected as the product of population counts and estimated spending
per capita. In sum, the components of this task add up to defining the total size of
the market—a step that precedes consideration of dividing up the market among
competing locations of physician offices.
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Physician Office Visit Expenditures: In the first step, we estimated spending
on physician office visits using a version of the 1987 National Medical Expenditure
Survey (NMES) in which expenditures were adjusted to 1997 prices. Per capita
annual expenditures were calculated for 14 age/sex groups in the nonmetropolitan
West region. The demographic groups were further disaggregated by cells above
and below the federal poverty line. Appendix Table A1l displays these expenditure
coefficients. It would be preferable to incorporate a fuller adjustment for geographic
variations in the average income of families above the poverty line. However, in all
but a few cases income variations above the poverty line among Washington’s rural
communities are not sufficient to shift projected demand significantly (Wright,
2001).

Share of Primary Care Physicians: Only a minority of spending on
physician visits flows to primary care doctors. There is, however, limited
information on the division of expenditures by specialty. As a proxy measure, we
use a previously developed 100 percent Medicare Part B claims file for Washington
residents in 1994. We extracted from this administrative data set a subset of all
claims from physicians for Medicare beneficiaries residing in the state and receiving
no care outside of the state during the year. The self-designated specialty of billing
physicians was determined by merger to the AMA Masterfile (Rosenblatt et al.,
2000). These claims were used to calculate the population-based proportion of all
allowed charges for physician visits submitted by primary care physicians. Since it
is likely that the primary care share varies according to the local availability of
specialists, the share was calculated for four types of rural areas classified by
whether they were adjacent to an MSA and whether they contained a hospital with
more than 100 beds. As displayed in Appendix Table A2, elderly residents who are
geographically isolated from centers of specialty care tend to devote a higher
proportion of all visit expenditures to primary care physicians. Thus, in
independent rural centers with a larger hospital, primary care physicians attracted
only 34.7 percent of all physician visit charges while in small towns their share
jumped to 42.5 percent. The coefficients in Appendix Table A2 were used to define
the share of primary care in total physician visit expenditures.

Hospital-Based Income: The third step in calculating total expenditures
recognized that physicians often earn important additional income outside of their
offices in their local hospital. We used the same Medicare physician claim data de-
scribed above to estimate the proportion of primary care physician income coming
from outside the office. Note that unlike the previous tabulation, the results in
Appendix Table A3 posit physicians, and not patients, as the unit of analysis and ex-
amine the sources of physician Medicare revenue by place of service. Unexpectedly,
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there proved to be very little difference by type of community area. Among primary
care physicians in urban areas, office visits as a proportion of total allowed charges
ran 76.7 percent. The share in rural areas varied between 71.9 and 70.2. Using these
data, we calculated a hospital-based income markup that is applied to estimates of
total office visit income. However, elderly Medicare patients may require an above-
average proportion of physician expenditures in hospital settings.

The application of these adjustments is shown in Table 1, which displays the
actual data for three illustrative Washington rural towns. As indicated by the basic
town characteristics, Quincy has a relatively young population with low average
incomes and a high poverty rate. Friday Harbor is a well-to-do resort-oriented
community, the principal town in the San Juan Islands of Puget Sound. Sequim has
a remarkable proportion of retirees with average incomes and poverty rates. When
the spending per capita coefficients on office visits in Appendix Table Al are
applied to the demographic profile of these three towns, the spending per capita in
Sequim of $433 is over 65 percent above that of younger, low-income Quincy. Note,
however, that the spending per capita is a weighted average of all the MCDs
included in the market area of each town.

The next step in Table 1 is to restrict expenditures for all office visits to the
share flowing to primary care physicians. Since both Quincy and Friday Harbor are
not close to a center of specialty care, the primary care share is 42.3 percent com-
pared to 34.7 percent for Sequim. The second adjustment is a multiplier for hospital-
based income that increases projected expenditures on primary care physicians by
about one-third, with a small range of variation between the three communities.

The net effect of the two adjustments for share of primary care physicians and
out-of-office income is to narrow the initial differences and change the rank order.
The retirement-oriented community of Sequim, with its high demand for Medicare-
financed services, ends up in second place behind Friday Harbor in per capita
spending because so many of the visits are siphoned off to specialists. The total size
of the market of course depends both on per capita spending and on the market
area’s population. The last two lines in Section II of Table 1 illustrates the effect of
the greater population density surrounding Sequim than the other towns. The low
number for Friday Harbor illustrates the not unexpected failure of the model to
properly define the market area in a county composed entirely of islands.
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Market Share Calculation

Once we have projected the total purchasing power for primary care
physician services of the market area surrounding a town, the next step is to
estimate the market share that each rural town can expect. (Note that while market
share is often defined in terms of utilization measures, we measure here proportions
of expenditures.) To project potential market share, we assume that the number of
physicians locating in a town is the same as the average for all places with similar
populations. Given a town’s size as well as the sizes and distances to alternative
sources of physician care, how much of the surrounding market could its physicians
expect to attract? The starting point of our market share analysis is that even for
very localized primary care markets, no town can expect to retain 100 percent of its
local patients. While we have defined market areas, there is no presumption that
their residents “belong” to the physicians in each town. Indeed, all patients are
potentially subject to the competing pulls of different locations.

Figure 1 illustrates the simple model of spatial competition developed here.
Residents live in an administratively defined geographic area with the choice of
different physician office locations. Figure 1 posits one town as a potential physician
office site located 10 miles from the area’s centroid. There are three other
alternatives, each with at least one existing practice, and one of which is within the
area’s boundaries. Given the distance to these alternative sources of care (measured
as straight-line miles) and their relative attractiveness (measured as population),
what proportion of all visits coming from the area can physicians locating in the
index town expect? There are two important features of this model. First, if a
town’s market consists of several areas, the analysis is run separately for each
component area. Second, the same geographic area can appear repeatedly in the
market areas of each of the surrounding places. As noted previously, there is no
unique one-to-one assignment of MCD areas to towns.

To estimate the potential market share of Washington’s rural towns, we used
the 1994 100 percent Medicare primary care physician claims data for Washington
State described earlier. Patients and physician offices were located by ZIP code, and
the flows of visits to primary care physicians from residential ZIP codes to office ZIP
codes were measured. The market shares for any rural place (termed an “index
town”) were then calculated for each ZIP code shown to be actually contributing
patients. A set of ordinary least squares (OLS) regression models estimated these
market shares as a function of (1) the population of the index town, (2) the distance
to the geographic centroid of the ZIP code, (3) the distance (measured from the ZIP
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code’s centroid) to the nearest MSA, and (4) the distances to the closest other towns
of different size classes having at least one physician billing Medicare.

The regression modeling was complicated by the need to disaggregate the
analysis both by town size and region. For town populations, we expected and
found that an index town’s market share would decline with the distance to a
nearest competitor and that the size of this association would decrease for smaller
potential competitors. A complication is that these effects also depend on the
population of the index town. That is, the market share of a town of 8,000 is less
sensitive to the distance to a town of 2,000 than if the index town itself has only 2,000
residents. To further complicate the analysis, Washington State has highly
differentiated geographic regions, such that the effects of distance and population
differ east and west of the Cascade Mountains.

Given this complex of interactions, we used a data set with a total of 846
paired observations of index town and ZIP codes in their market areas as a basis for
estimating a set of five regressions for five different population size categories of
index towns. The regression model is shown in Appendix Table A4. As
summarized in Appendix Table A5, the explanatory fits were high with R-squares
ranging from 0.52 to 0.74.

The estimates from these market share models are indicative of
geographically localized rural markets for primary care physician services. Table 2
summarizes for the entire state the effect on market share of increasing distances by
one mile. The patterns generally follow expectations. Among the largest towns in
column 1, an increase in distance from 10 to 11 miles from the centroid of the market
area reduces the index town’s expected market share by 1.06 percentage points.
Spatial insulation of the market area from competing metropolitan areas has the
opposite effect. An additional mile between a ZIP code and the center of an MSA
increases a rural town’s market share by 0.76 of a percentage point. Note that this
effect drops off quickly with distance—an increase from 20 to 21 miles has only half
the effect of an increase from 10 to 11. Even for the largest towns in column 1,
increased distance between small competing towns and the centroid of a ZIP code
raises market share of the index town from between 0.2 and 0.4 percent.
Surprisingly, there are few variations in the incremental effect of distance by the size
of the competing town. These small effects are additive such that general isolation
of a ZIP code from alternative towns of all size categories adds up to 1.6 percent of
additional market share for the index town per mile from all potential competitors.

The results of the market share analysis lend some support to the notion of a
segmented market. Even though demand for primary care is generally thought to
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be highly localized, there is widespread anecdotal evidence that rural families drive
past their local physician in favor of care in a larger community that offers more
choice and perceived quality. In this spatial competition, Washington rural towns of
different sizes appear to have different geographic frames of reference. Large rural
places compete with cities, small places compete with each other and those in the
middle compete with everybody. Thus in Table 2, only the shares of the largest
rural places over 10,000 are influenced by proximity to an MSA. For smaller places,
the coefficient on the log of MSA distance is not significantly different from zero.
On the other side of the scale, for index towns under 1,000, distance to competing
towns with over 2,500 population was not significant. Their frame of reference is
thus entirely local.

This complex interaction of community size and geographic location
illustrates the key role that calculating market share plays in projecting the economic
capacity of small towns to attract and support primary care practices. We use the
sets of regression coefficients from Medicare patients and apply them to the entire
population living in the MCD-based market areas surrounding rural communities.
Since older patients are less likely to travel than younger families, the Medicare data
may overestimate the market shares flowing to small towns (Adams & Wright,
1991).

The third section of Table 1 demonstrates the results of applying our market
share model to the three illustrative towns. The residents of Quincy’s market area
are projected to spend $2.8 million annually on primary care physicians. Yet the
town lies 20 and 30 miles from two much larger market centers. If the residents of
the area behave as those elsewhere in rural Washington, Quincy is projected to
retain only 25.5 percent of the potential market. The projection for Friday Harbor is
higher, but because of the unusual nature of an island community, the average
relationships probably underestimate patient retention rates. Sequim enjoys a much
larger market area, but because of the presence of a large rural center 15 miles away
it is projected to retain only 12.7 percent of expenditures.

Establishing Minimum Physician Practice
Income Requirements

A key parameter of the model is the estimated gross practice income target
needed to support a full-time rural primary care physician. This is obviously critical
since the income standard translates projections of spending into estimates of FTE
physicians that can be supported. A key resource for estimating this standard is a
1997-98 detailed survey of Washington family practice physicians that was
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conducted for a state professional organization (Hart, 1998). Of the 1,344 clinically
active respondents (from an overall response rate of 68 percent), 1,034 answered a
question on net practice income, though fewer answered a question on percent of
overhead paid the previous year. Of these responses, 253 were from
nonmetropolitan physicians. These self-reported measures of practice income are
summarized in Table 3 for three groups of rural family physicians: all full-time rural
FPs, full-time FPs in solo practice and full-time rural FPs on salary or working in a
group practice. We limit ourselves to full-time physicians because the analysis is in
terms of FTEs. The mean full-time net FP income before taxes is estimated at
$122,000, somewhat lower than the national average of $129,000 for rural FPs in the
same year as reported by the American Medical Association (American Medical
Association, 1997).

There is some doubt over the estimate of overhead expenditures. We assume
that the higher response rate to the question about overhead costs by self-employed
physicians compared to those with less direct experience in practice management
reflects more accurate data. The estimated overhead rate of 57.7 percent is close to
the 58.9 percent implied in published AMA data for self-employed FPs (American
Medical Association, 1997). However, the rate for others, such as employees of
hospital-based Rural Health Clinics, is far less certain. The 47.1 percent reported by
survey respondents on salary or practicing in groups is still higher than the national
average reported by Medicare. Since 1992, the Medicare Fee Schedule includes
separate components for physician work, practice expenses and liability insurance.
In 1996 the two overhead components amounted to 43.5 percent of total payments to
physicians and other practitioners—a rate that does not take into account differences
among specialties and locations (Medicare Payment Advisory Commission, 1998,
Ch. 4).

Averaging the 57.7 and 47.2 overhead rates in Table 3, and applying the re-
sulting proportion of 52.4 percent to the expected $122,033 net income of all full-time
providers, generates a standard of $256,372 gross practice receipts as the expected
gross revenue required to support a rural primary care physician. That is, expected
gross revenue per FTE physician equals $122,033 in compensation plus $134,339 in
overhead (52.4% times $256,372). The lower this standard, the higher the number of
physicians that can be supported by any specified level of aggregate spending on
physician services. However, the choice of a particular income standard has a
profound influence on this study’s results.

The results of this calculation are demonstrated at the bottom of Table 1 with
the three illustrative towns. By dividing total market capacity by the $256 thousand
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standard, we project that Quincy has the economic capacity to support 2.8 FTE
primary care physicians. Since Quincy actually has 1.2 FTEs, the town was
operating under capacity. This could reflect a transitory gap in physician supply
created by an unexpected retirement or delay in the projected arrival of a new
physician. There may also be an unusually large role played by unmeasured
midlevel providers. If, however, the gap persists, there is no apparent economic
constraint to increasing physician supply. Thus the low supply of physicians
relative to projected capacity must be due to other factors. This is particularly
important since Quincy is designated as part of a Health Professions Shortage Area.
The opposite situation holds in the other two towns where the number of FTE
physicians exceeds the projected capacity. In the case of Friday Harbor, this is
surely an artifact of the projection model’s underestimate of capacity due to the
unusual island setting. Sequim must be able to support its very large number of
primary care physicians relative to population by retaining a larger-than-projected
portion of its service area. Itis also true that the 1990 Census for both these rapidly
growing areas may inaccurately reflect their current population base and income.

Results

Comparing projected economic capacity with the actual supply of primary
care physicians, we find that although capacity is estimated independently of actual
supply, the actual number of primary care practices track estimated potential.
Physician location tends to follow projected demand. However, most towns located
in HPSAs confront significant demand deficits. The four research questions provide
the framework for presenting findings.

How Is Physician Projected Capacity Related
to Community Characteristics?

As we have seen, our projections of economic capacity take into account
population size, demographic profile, incidence of poverty, and geographic
competition. How is capacity distributed among communities, and how important
are community characteristics in shifting the ability of towns of similar size to
support needed primary care practices? The data suggest four key patterns evident
in the projections.

Most Rural Physicians Practice in a Few Large Rural Communities: As with
many states, almost one-third of rural towns (n=41) are very small places with fewer
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than 500 residents in 1990. Another 20 percent (n=29) have populations of under
1,000. The average projected market for such small places is $51,000, only 20 percent
of what we project would be needed to support a single full-time physician practice.
Clearly, very small places generally only have the demand to support a part-time
provider, but five each actually have a physician. (Three of these are unusual cases
of notable isolation.) In sum, towns with less than 1,000 population constitute a
majority of rural places (51.8%) but are home to only 6 percent of either projected
capacity or actual supply of rural primary care physicians (calculable from means in
Table 4).

In contrast, larger rural towns dominate primary care. Although in Table 4
only 12 of the 135 rural towns have more than 10,000 inhabitants, these dozen places
account for over half (51.1%) of projected rural primary physician income. This
accords well with both projected capacity and the actual supply of FTE physicians.
With an average of 16.5 FTE primary care physicians per larger town, these dozen
rural centers are home to 50.9 percent of all rural primary care physician FTEs
included in this study.

Most Rural Communities Retain a Small Fraction of Their Expenditures on
Primary Care Physicians: As expected, in Table 4 town population is positively
related to both total physician payments and market share. The average rural town
is projected to retain only 21 percent of all local area payments to primary care
physicians. However, the expected market share of expenditures increases
significantly with town size from 11.6 percent for towns under 500 to 52.1 percent
for those over 10,000. A notable exception is for communities between 2,000 and
5,000 that are projected to have a lower market share than their smaller neighbors.

In the Aggregate, Projected Capacity and Actual Supply are in Balance:
Note that the number of practicing physicians per town (2.9) is virtually identical to
projected capacity (2.8). This means that the model projects an overall balance, even
a slight general surplus of primary care physicians in rural Washington. However,
this finding of a balance between potential capacity and supply is sensitive to
estimates of the minimum income needed to attract, support, or retain a physician
and the practice overhead costs each physician must cover. Moreover, these
averages will be dominated by larger towns and potentially ignore differential
income patterns that may exist in small town practice.

Projected Capacity Is Not Systematically Related to Poverty and
Geographic Isolation: How strongly is our estimated capacity related to key
barriers communities face in the competition to attract and retain physician services?
Given town size, do poorer or more isolated communities face significant additional
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barriers to their ability to support primary care practices? To test how the
descriptive statistics interact, we regressed projected capacity for FTE primary care
physicians on a set of community characteristics (Table 5). Given the large number
of very small places unlikely to have a physician, the regression limits towns to
those with over 500 inhabitants. Explanatory variables include population level,
density, and growth as well as income, poverty rates and geographic isolation, the
latter measured as the distance to the nearest hospital offering obstetric services.
The model also measures the status of towns relative to their surrounding areas.
Both population growth and poverty rate are also specified as the ratio of the town’s
value to the surrounding Local Region. The results indicate that for each additional
1,000 residents, projected capacity increases by nine-tenths of an FTE—a large effect.
However, no other variable comes close to statistical significance. We further
explored the lack of relationships by using the same model to examine two
components of the projection model: per capita expenditures on primary care
physicians in the market area and the index town’s market share (data not shown).
Market area per capita expenditures are positively related to a town’s per capita
income but are not significantly correlated with other relevant characteristics such as
population size, growth, or geographic isolation. Surprisingly, the town poverty
rate was also not associated with average primary care physician expenditures, even
though area poverty rates formed part of the projection model. A second model
component, average market share (the percentage of total area expenditures flowing
to a town), is only correlated (negatively) with miles to the nearest hospital with
obstetric services.

In sum, although our capacity projection estimates take into account
population, age structure, population relative to other surrounding communities,
distance to known competing towns, and poverty rates, the resulting projections are
not correlated with town characteristics. This may be due, in part, to the fact that we
measure the characteristics of towns but not their surrounding market areas, and the
relationship between the two may not be consistent. Towns with the same
population may face very different surrounding environments in terms of
population size and composition. An important consequence of this finding is that
the results of the model are not correlated with common indicators of ambience
barriers—the nonfinancial drawbacks experienced by communities competing for
physician services. Statistically they are separate phenomena.
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How Closely Correlated Are Projected
Capacity and Actual Supply?

How is the projected capacity of rural towns to support primary care
physicians, related to the actual numbers of practicing physicians? The following
generalizations are suggested by the data.

Primary Care Physician Supply Closely Tracks Projected Economic
Capacity: Although there are clearly some places such as Friday Harbor that the
modeling process is unable to correctly analyze, the general correlation is high. The
Pearson correlation coefficient between capacity and actual supply for all 135 towns
is 0.882. The distribution of towns by projected capacity versus actual supply is
illustrated in Figure 2. For clarity of presentation, 41 towns with less than 500
residents are excluded, as well as one larger place with over 30,000 residents. The
solid line indicates the point where actual FTE primary care physician supply equals
projected capacity. Towns below the line are termed “below capacity” in the sense
that actual FTEs are less than projected capacity. These communities have leeway to
expand the number of their primary care practices. Towns above the line are termed
“high supply” with actual FTEs in excess of projected capacity. Other factors being
equal, physicians in these communities would be expected to be less enthusiastic
about new colleagues (competitors).

The significant correlation between actual supply and projected capacity
suggests that the market for primary care physician services “works” in the sense
that there appear to be relatively few places with high potential that have not
attracted physicians. This pattern is consistent with the argument made years ago
by a research team from The Rand Corporation that location decisions follow
economic incentives (Newhouse et al., 1982; Williams et al., 1983).

The Projection Model Reflects Very Different Physician Supplies in Towns of
Similar Size: The correlation between supply and projected capacity also means
that the projection model successfully captures highly disparate spatial behavior.
This is illustrated with the six points in Figure 2 that are labeled with their 1990
populations. Given the narrow range (6,031 to 7,241 inhabitants), the variation in
physician supply is noteworthy. The number of FTE primary care physicians
actually practicing in these similarly sized communities varies between 0.8 and 13.5.
The projection model captures most of this range of variation (with FTE capacity
ranging between 0.1 to 13.5). To the degree that one believes that actual location
decisions follows market opportunity, the correspondence between projection and
supply is evidence that the modeling effort represents a significant improvement
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over fixed physicians per 1,000 population ratios or other planning or administrative
normatives.

There are Large Differences Between Projected Capacity and Supply for Some
Rural Towns: While the overall distributions of actual and potential in Figure 2 and
Appendix B tend to mirror one another, there are significant discrepancies between
the two. The 135 study towns host the practices of 553 primary care physicians (388
FTEs). In towns with a greater supply than their projected capacity, there are a total
of 111 “surplus” FTEs. These are balanced by a total deficit of 77 FTEs in
communities where physician supply lags behind projected capacity. We have
noted previously the aggregate balance between projected capacity and supply.
Opverall, the total difference between the numbers above versus below capacity
amounts to only 34 FTE primary care physicians—Iless than 9 percent of current
supply. Yet the 92 deficit FTEs amount to 30.9 percent of all FTE physicians
practicing in these deficit towns. In some communities the gaps can run more than
100 percent of their current complement of physicians. The question is, What
accounts for these gaps? Are they random or systematically related to community
characteristics?

What Characterizes Rural Towns with Physician
Supplies Over and Under Capacity?

Larger Rather than Small Towns Are More Likely to Be Under Capacity:
One surprising finding is that larger rather than medium size towns tend to have
deficits. Five towns with less than 5,000 residents stand out as high-supply primary
care centers with far more physicians than their size and location would suggest. At
least two of these towns were originally National Health Service Corps sites whose
physicians stayed on to found practices that pull patients from an unusually large
service area. On the opposite extreme are four larger towns with over 10,000
inhabitants but physician supplies substantially below projected capacity. These
rural centers tend to have relatively high unemployment or low household incomes
and have not generally shared in the Puget Sound’s economic boom. Of the 12
towns with over 10,000 population, two are closely balanced between capacity and
supply, three are categorized as high supply, and seven lie below the line in the
below-capacity zone.

Table 6 examines these differences more systematically by contrasting three
groups according to whether their actual supply versus projected capacity differ by
more or less than plus or minus one-half a FTE. By construction, most very small
towns belong to a “balanced” group within the 0.5 FTE boundary. There are slightly
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more relatively high-supply places (n=33) whose physician endowments are above
potential than there are low-supply communities (n=28).

Places operating under capacity with supply less than projected potential
tend to be larger, with mean populations of 6,535, 45 percent higher than the mean
of 4,509 for over capacity towns. Given the many complaints by small communities
of difficulties recruiting physicians, the finding that towns in which supply exceeds
projected capacity are disproportionately small is surprising. Moreover, the
differentially larger under-capacity towns have traditionally enjoyed faster
population growth (8.4% between 1980 and 1990 compared to 3.4% for high-supply
towns) and are more likely to have grown as fast as their surrounding market areas.
Although suggestive, the standard deviations around these group means are so
large that none of the population differences are statistically significant.

The Gap Between Actual and Projected Potential Physicians Is Correlated
with Neither Income Nor Poverty: While there is weak evidence of differences
between over- and under-capacity towns by population, there are no notable
differences in levels or growth of average family income. However, under-capacity
towns appear to have somewhat higher poverty rates, particularly in relation to
their surrounding areas. Their poverty rate averages 29 percent higher than that of
their surrounding Local Regions (i.e., that relative poverty ratio is 1.29). To control
for the joint effects of different community characteristics, the last column in Table 5
regresses the difference between actual physician supply and projected capacity on
the series of community characteristics. The result reinforces the fact that none of
the characteristics were statistically significant predictors of the gap between supply
and projected capacity. |

The lack of association between town characteristics and projected gaps raises
the possibility that the gaps reflect only random error in the capacity projection
model. Arguing against a random error hypothesis is the fact that towns operating
over capacity have 2.03 actual FTE physicians per 1,000 population, far more than
the 0.54 average for under-capacity towns (Table 6, second to last line). This
suggests that the projections are not simply systematic underestimates, but reflect
the reality of physician location. Moreover, the lack of association with towns’
economic and social status (SES) is perhaps not surprising given the weak statistical
relationships with actual supply (Table 5, column 3). Thus, an alternative
explanation for the finding that gaps between projected capacity and supply are
uncorrelated with SES is that physician location decisions are driven primarily by
unmeasured characteristics such as cultural amenities, staff relationships, or the
presence of strong local hospitals and institutions.
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What Proportion of Underserved Communities Suffer from
Apparent Demand Deficiency Handicaps?

Is it an advantage or disadvantage to be an over-capacity town with more
physicians than projected capacity to support them? The answer depends on
whether a town’s population has ready access to physician services sufficient to
meet basic health care needs. For example, a community may be rated with a low
market capacity because of low household incomes and attendant high rates of
uninsurance. Such a community may thus need more care than it can support with
its own market resources. This is the demand deficiency problem described in the
introduction. Among towns classified as underserved, those that are over-capacity
are demand deficient—they need more medical care but they already have more
physicians than communities of their size and income can be expected to support.
In contrast, under-capacity towns have the market potential to expand the number
of primary care practices. The fact that they have not done so in the face of high
relative need suggests that such communities are ambience deficient—they lack the
competitive position to attract sufficient physicians even though they have an
apparently sufficient market base.

Estimating the relative incidence of these two deficiencies requires the
comparison of three indicators: (1) a nonmarket indicator of physician
shortages—whether a town is located in a geographic primary care HPSA,

(2) whether the community’s physician supply is under or over capacity, and (3) an
indicator of whether the capacity, even when fully utilized, is sufficient to meet
established access standards—one primary care FTE physician per 3,000 population.
We used the official listing of HPSAs to code which of the 135 Washington towns
were located in a geographic HPSA. While the bureaucratic nature of HPSA
designation means that they are not always indicators of differential shortages, they
are relevant since they are the key criterion for many public workforce interventions.

To measure whether a town had the projected capacity to support a
minimum number of physicians, we need to move beyond the town’s boundaries to
measure physician population ratios. We therefore use the town’s identified home
sub-county MCD as the population base for measuring the number of physicians
needed to reach a 1:3000 ratio. This was compared to the projected capacity of all
towns in an MCD. (Two-thirds of the rural towns shared a home MCD with at least
one other town). Although the core criterion for HPSA designation is a minimum
ratio of 1:3500, we use a lower standard to reflect the fact that the benchmark of the
lowest quartile of counties has been steadily increasing (T.C. Ricketts, unpublished
tabulations of changes over time in the bottom quartile of primary care physician-to-
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population ratio by county, 2000). Much lower ratios, such as 1:2500, have been
proposed in the past (Council on Graduate Medical Education, 1998).

The results of the cross-tabulation of these three measures are displayed in
Table 7; of the 94 rural Washington towns with more than 500 population, 32 were
located in an HPSA and 62 were not. Within the HPSA status categories, the
columns in Table 7 divide towns according to whether they were operating under or
over projected capacity. Of the 32 HPSA towns, 19 had fewer FTEs practicing than
could be supported. Another 13 were operating over capacity. The rows in Table 7
also divide towns by whether all towns sharing a home MCD have the collective
capacity to support at least 1 physician per 3,000 population. The towns divided 50-
50 on this standard—47 fell below, 47 above. Of the 32 HPSA towns, two-thirds (20)
had insufficient projected capacity to meet the minimum 1:3000 standard.

A remarkable proportion of the rural towns not located in a HPSA apparently
face potential physician shortfalls. Among the 62 non-HPSA towns, 43 percent (27)
lack the projected capacity to meet the 1:3000 population ratio. And most of these
(15) have physician supplies below projected potential. The 17 non-HPSA towns
that are operating over capacity include the smaller unusual rural centers for
primary care noted previously.

We can use the array in Table 7 to address the core question raised by this
paper and define demand and ambience deficiencies. Of Washington’s 94 rural
towns, 32 are located in a primary care geographic HPSA and 62 in non-HPSA areas.
Both of these groups are divided according to whether they are over or under
capacity. Under capacity means that their actual FTE physician complement is less
than their projected market potential, while over capacity means actual supply is
greater than projected. Of the 32 HPSA towns, 13 percent are operating over pre-
dicted capacity. They are supporting more physicians than expected, but the town
still does not have enough physicians to meet minimum requirements and qualifies
for federal and state subsidies and assistance. These are demand-deficient towns.

Table 7 further divides the study towns by comparing their projected
capacities to a minimum standard of one physician per 3,000 inhabitants. This
comparison is done at the small region defined by each town’s home MCD. The
number of physicians required for each 3,000 of the MCDs population is compared
to the joint projected capacity of all towns located in an MCD. In situations where
capacity is “less than need,” total projected capacity does not add up to the number
of physicians required to meet the 1:3000 standard. Of the 32 HPSA towns, 20 (15
plus 5) are in this situation. Of the 19 HPSA towns that are operating under
capacity, four have sufficient capacity in the local area to meet the 1:3000 standard.
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Thus these four have the capacity to eliminate the shortage, but the communities
have been unable to recruit or retain sufficient physicians to fill the gaps. These are
cases of ambience deficits. Finally, there are 15 towns that, even if they used all their
capacity, would still not meet the 1:3000 standard. In this sense they are demand
deficient. But even with this limited capacity to meet minimal needs, their actual
physician supplies are below what could be supported. This set of 15 towns faces
both demand and ambience deficits. In sum, of the 32 HPSA towns, 13 face demand
deficits only, 4 face an apparent ambience deficit, and 15 confront both demand and

ambience deficits.

The same categorization can be applied to non-shortage towns outside of a
HPSA. Over capacity characterizes 29 of the 62 communities. Unlike HPSA towns,
the majority serve areas where capacity is greater than need (18 plus 17 equals 35).
Also unlike HPSA towns, 18 of the 62 (29 percent) are ambience, not demand
constrained.

This categorization is summarized in Table 8, which communicates a strong
conclusion: towns located in designated HPSAs overwhelmingly face demand suffi-
ciency problems. Forty percent (13 of 32) have more physicians than expected ca-
pacity but are still in shortage. Another 47 percent (15 out of 32) face a double con-
straint of both an ambience and a demand deficit. The latter, even if they overcame
the evident ambience problems and operated at projected capacity, still would not
reach minimal supply levels. These groups of towns are distinctly different. The
few ambience deficit-only towns are larger (mean population of 8,796) and not
notably isolated from hospital services (an average of 2.9 miles to a hospital with
obstetric services). Demand deficit-only towns are smaller and more isolated, but
those facing both deficits are notably small (mean population of 1,219) and isolated
(mean miles to the nearest hospital with obstetric services equals 18.1 miles).

The demand deficiency problem is even more prevalent since it is also
apparent among non-HPSA towns. The 15 towns that are both operating under
capacity and (even though not designated as a HPSA) have projected capacities
insufficient to support a ratio of one primary care physician per 3,000 population.
This is the same combined deficit problem facing a similar number of HPSA towns,
and indeed their average size (but not distance) is the same as the HPSA towns. The
interpretation of the demand deficit only and ambience deficit only for non-HPSA
towns differs in that these places do not have shortage indicators. The two
categories differ in the degree to which further growth of primary care physician
supply may be limited by local demand constraints.
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In sum, while research and policy have focussed on the barriers experienced
by underserved rural communities in attracting more physicians—the ambience
problem, the results in Table 8 suggest that the problem of insufficient demand
deserves more attention. This is particularly true since the results incorporate all
licensed physicians—including NHSC scholars and loan repayers as well as the staff
of Community and Migrant Health Centers. The gaps between capacity and supply
in underserved areas are thus likely to be understated in terms of private practice.

Conclusions and Implications

This study of the market forces behind primary care physician shortages in
rural Washington State is a story of three measures of physician supply: what is
(current number of FTEs), what could be (the number of physicians a community
can be expected to support), and what should be (population-based access
standards). The focus is on the second measure of the projected potential of rural
communities to economically support primary care physicians. The market
orientation means the effects of federal and state subsidy programs are not taken
into account. While the many barriers faced by small towns in competing for
physicians are well documented, this paper explores the problem of what we have
termed demand deficiency—the lack of a sufficient economic base caused by low
population, low income, and weak competitive position relative to surrounding
communities. The case study for Washington State uses detailed state-specific data
not often available to generate projections for 1997 and comparisons with 1999
physician FTE supply data.

There are four unique features of the study’s methodology. First, it makes
rural towns and not counties the unit of analysis. Central places are where
physicians are located, and are the entities typically in competition with each other.
Second, the economic capacity projection model moves beyond physician
population ratios and attempts to estimate total dollar expenditures on primary
physician care available to local practitioners. The paper uses Medicare claims data
linked to the AMA Masterfile to adjust expenditure projections for the proportions
devoted to primary care and the shares of physician income generated by hospital
versus office settings. Third, the paper attempts to estimate expected market share,
given the competitive environment. This analysis is based on a realistic, but rarely
applied premise—all patients (at least those with private insurance and the ability to
pay) are competed for so that no community can claim an exclusive market area. A
uniform potential market area was defined for each town and then the market share
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from each component MCD projected on the basis of regression models estimated
from 100 percent Medicare physician claims. The regressions themselves had good
explanatory power. Finally, the model compares estimated potential with the actual
FTE of primary care physicians located in each town using highly accurate licensure
files (supplemented with questionnaire data) that allow us to measure both
projected capacity and supply in FTEs.

The projection modeling worked remarkably well. The gross income
standard for a supportable practice established from an independent survey turned
out to be close to the amount needed to account for all the physicians actually
practicing in rural Washington.

Limitations

This study was undertaken as an experiment to test the feasibility of
modeling the income potential for primary care physicians among rural
communities. The goal was to use surveys and Medicare claims analysis to establish
parameters that could be applied to universally available secondary data on rural
communities. The limitations inherent in this process are obvious. Error is
introduced by interweaving data from different time periods. While the income
data are from 1996 and 1997, the population data are from 1990, and the physician
supply numbers are for all those practicing as of May 1999 (as estimated in 2000).
There is a further mismatch in the geographic areas used. The analysis of Medicare
data to establish market share parameters used ZIP codes. These were applied to
Census data at the MCD level. While the MCD data were available nationwide, the
unit of analysis in Washington State is problematic. The areas are often large and
are less fine a unit of analysis than in other U.S. regions.

Defining the market area of a community proved to be a difficult problem.
The original intention was to abstract from the common practice of defining primary
market areas for each rural community and instead define an arbitrary area
generated by a radius around all communities. The market share model was then to
sort out the actual core of patients to be attracted to any one location. This proved to
be an incorrect assumption. Even for the highly localized markets for primary care
physicians, larger places draw from wider geographic areas than do smaller places.
We therefore moved to two radii, 8 and 14 miles. This is arbitrary and far more
work needs to be done on the propensity to travel for primary care. This difficulty is
exacerbated by the errors inherent in measuring distances by straight-line miles
rather than road miles in an area with as complex topography as Washington.
Finally, the market share coefficients are based on Medicare data, and the elderly are
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known to be far less likely to travel for care than younger patients (Adams et al.,
1991; Adams & Wright, 1991). We have therefore likely overestimated local market
retention rates.

Finally, rural Washington is generally so lightly populated that there are less
than 100 towns with over 500 population. The numbers are thus too low to draw
statistically meaningful results on the incidence of the problems faced or differences
in towns with apparent demand versus ambience deficits. This small sample size is
compounded by the high variability of actual physician location patterns and the
willingness of many rural physicians to accept below-average pay. While the study
took into account poverty rates, it may not adequately reflect geographic differences
in third party coverage. In particular, the sum of Medicaid and a state-only
subsidized program for the uninsured account for as much as 40 percent of the
population in rural Washington counties, with demonstrable adverse consequences
for practice revenue (Hicks et al., 2000; unpublished data from the Washington State
Department of Health, 2000).

Applying the results of this modeling effort to the circumstances of specific
communities has further important limitations. Expected market shares from
surrounding communities would need to be adjusted to reflect relative commercial
attractiveness and the realities of existing local health systems. Equally important is
the availability of safety net providers and the degree to which private practices
must shoulder the burden of the uninsured or the low reimbursements offered by
Medicaid. Furthermore, physicians in each community will have their own financial
arrangements that may substantially modify basic market conditions (e.g., subsidies
from hospitals, hospital-based practice income, and revenue sharing arrangements
within practices). Finally, there are the difficult-to-measure attributes of “ambience”
such as community cohesion and leadership and collegial relationships among local
physicians that condition the competitive potential of a rural community.

Policy Relevance of Findings

For all the potential for error, the results track the actual distribution of
physicians and have implications on both the community and state policy-making
level. The key issue raised by this study is how many primary care physicians a
rural town can be expected to support. Are physician-owned and hospital-based
practices expanding their practice sizes appropriately, or, in their fear of too much
competition, are they too conservative in recruitment? Conversely, hospital surveys
from the early 1990s indicated that over 80 percent of small rural hospitals were
recruiting physicians (Wooldridge et al., 1995). In their zeal to build a referral base,
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have rural hospitals been too expansive in their recruitment plans and ignored the
limitations of the local market? For public policy, different subsidies and supports
for rural physicians respond to different barriers. The question raised by this report
is the adequacy of incentives in the programs such as the National Health Service
Corps, Medicare’s HPSA incentive payment program, community health center
employment, or rural health clinics. Are they directed at the most urgent constraints
or are they of sufficient magnitude to counterbalance the competitive disadvantages
of underserved locations? Three conclusions speak to these questions.

First, the results of the market share model indicate that physician
perceptions of significant spatial competition, even for the highly localized demand
for primary care, are correct. The results are a warning that practices should not
overestimate their potential market share. In the case of the two example towns
highlighted in this report, both with 3,500 to 3,750 population range and reasonably
isolated from larger places (over 15 miles on two-lane roads), both are projected to
retain less than 25 percent of local area expenditures on primary care physicians.
The estimated share obviously depends on the geographic extent specified for the
market, but the radius of the market area for these sampled towns was only 8 miles.
While we have not traced the source and destination of patients in this paper, work
with the same Medicare data by Professor Gary Hart and his colleagues indicate that
the flow of primary care patients is not primarily to metropolitan centers (Hart et al.,
in press). Instead, small rural places lose local patients to larger rural centers. While
the pull of these local centers is closely related to population, the study has located a
number of small towns with far more physicians than projected capacity. An
understanding of how these small-scale centers of care have emerged would clearly
be relevant to helping communities build their capacities.

Second, to the degree that projected capacity captures local potential demand,
the results are consistent with rational location decision making by physicians.
While some of the gaps between potential and supply are the result of random local
idiosyncrasies, not all of them are. For example, the lead author has had the
opportunity to visit two notably high-supply towns—places with far more
physicians than their size, income, or isolation would warrant. In both, physicians
reported a sense of oversupply, and difficulty attracting sufficient patient volumes.
A simple planning model available to sponsoring hospitals and practitioners that
factored in not only population, but also income and expected market share would
be a useful tool in hiring and expansion decisions.

Third, for public policy many communities with physician shortage confront
insufficient capacity to economically support the needed physicians. Most towns
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located in HPSAs are either at or above projected capacity, or have failed to hita
capacity target that would still leave them with less than 1 physician per 3,000
population. In the terminology used in this study—they are handicapped by
demand deficits or demand combined with ambience deficits. At the minimum, a
one-size-fits-all policy to support shortage areas will not work. Different towns face
different constraints and demand constrained towns will require continuous
subsidies to make up for an insufficient volume of patients that nonetheless lack
geographically proximate source of care.
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Table 1: Illustration of Projected Expenditures on Primary Care

Physicians in Three Washington Rural Communities

Town Profile, 1990:
Population
% over 65
Average family income
Poverty rate

Expenditures on Physicians in Market Area:
Area total population
Spending per capita for office visits
% visit expenditures for primary care

Spending per capita for primary care
office visits

Hospital as % of office visit expenditures

Total spending on primary care
physicians per capita

Total market for primary care physicians
($1,000s)

Town's Estimated Share of Expenditures:
Estimated expenditure share for
physicians in town
Town market capacity ($1,000s)

Number of Physicians:
Number of supportable FTE physicians
at $256,372 per physician
Actual FTEs, 1999
(as estimated in March 2000)

Friday

__ Quincy Harbor Sequim
3,738 1,492 3,616
11.8% 23.3% 48.1%
$24,052 $42,858 $28,203
22.1% 5.1% 10.4%
17,384 5,049 55,011
$292 $337 $344
42.3% 42.3% 34.7%
$123 $143 $119
31.9% 31.9% 35.3%
$163 $189 $161
$2,831 $954 $8,840
25.5% 36.8% 12.7%
$723 $351 $1,121
2.82 1.37 4.38
1.22 3.59 6.10
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Table 3: Annual Income Measures for Rural Family
Practitioners, Washington State, 1996

Full-Time Rural Full-Time Rural
Physicians in Solo Physicians
All Full-Time Practice or Employed or in
Income Measure Rural Physicians Partnerships Group Practices
Net practice income $122,033 $121,408 $124,126
n=183 n =141 n=42
sd = 30,206 sd = 31,201 sd = 26,836
Practice expenses as a 55.72% 57.69% 47.15%
; n=145 n=118 n=27
percentage Of gI'OSS mcome od = 15.03 od = 11.54 sd = 2363
Projected gross practice income $275,594 $286,951 $234,865

Source: Calculated from data files described in Hart, L. G. (1998). Washington Academy of Family
Physicians 1996-97 Survey of Family Physicians. Seattle, WA: University of Washington Department of
Family Medicine.

Notes:

* Full-time physicians defined as those reporting 40 or more hours of patient care activities.

® Net practice income calculated from the midpoint of a series of categories each covering a range
of $20,000.

© Projected gross practice income is calculated on the basis of average responses to net practice
income and practice expenses as a percentage of gross income.
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Table 4: Distribution of Actual and Potential Primary
Care Physicians by Town Population

Number of Potential vs. Actual

Projected Market Demand® Primary Care Physicians®
Market
Number of Share = % of

Town Characteristics Rural Towns  Total Demand Mean ($1,000s) FTE Capacity Actual FTEs®
Town Population:

< 500 41 11.6% $ 51 0.18 0.14

501-1,000 29 13.9 123 0.51 0.63

1,001-2,000 26 24.1 410 1.60 2.00

2,001-5,000 19 20.7 562 2.19 3.37

5,001-10,000 8 38.9 2,255 8.79 6.40

10,001-49,999 12 52.1 3,920 16.51 16.67
Total Towns 135 21.0 561 2.81 291

Notes:

* Mean values are calculated across towns in each category.

® Actual FTE counts from Washington State licensure data as analyzed by the WWAMI Center for
Health Workforce Studies.
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Table 5: Comparison of Regressions for Alternative Physician
Supply Measures in Towns with > 500 Population
(parameter estimates with t values in parentheses)

Dependent Variables (FTE Counts)

Projected Gap: Supply
Mean Actual Supply Capacity Less Capacity
Values (mean = 4.10, (mean = 3.74, (mean = 0.36,
Independent Variables (STD) std = 6.51) std = 6.61) std = 4.28)
Town population (1,000s) 4079 1.146%** 0.916%** 0.0002
(5885) (10.697) (5.818) (1.396)
Population growth, 6.2% 0.023 0.0128 0.010
1980-90 (26.2) (1.471) (0.560) (0.421)
Town/county population -0.82 0.143 0.115 0.029
growth (2.76) (1.029) (0.560) (0.133)
% of population > 65 18.4% 0.131* -0.017 0.148
(6.8) (2.106) (-0.191) (1.551)
% of population below 17.1% -0.081 -0.099 0.018
poverty, 1990 (5.4) (-1.212) (-1.005) (0.173)
Town/county % below 1.13 -0.962 1.077 -2.039
poverty (0.37) (-1.119) (0.853) (-1.542)
Average family income, 31,183 -0.021# 0.014 -0.035*
1989 (5888) (-1.832) (0.809) (-1.963)
Miles to nearest hospital 1.40 -0.551* -0.373 -0.177
with obstetrics (log) (1.44) (-2.334) (-1.076) (-0.489)
Miles to nearest MSA 3.98 0.027 0.247 -0.220
(log) (0.45) (0.036) (0.226) (-0.192)
Miles to nearest MSA* 0.49 -0.722 -0.337 -0.385
population > 10,000 (1.28) (-1.557) (-0.495) (-0.540)
County population per 352 -0.005 0.0003 -0.005
square mile (55.8) (-0.744) (0.031) (-0.513)
Intercept NA 7.119 -3.687 10.806
(1.460) (-0.515) (1.441)
R-square (F value) NA 0.836*** 0.656*** 0.099
(37.897) (14.238) (0.823)

Significance levels: *** = 0.0001, ** = 0.01, * = 0.05, and # = 0.10.

Number of cases = 93.
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Table 6: Characteristics of Rural Towns by Direction of
Gap Between Projected Capacity and Supply of FTE
Primary Care Physicians: Group Means and (sd)

A B C
Under Capacity: Over Capacity: Balanced: Supply
Supply Less Supply Greater than within +/- 0.5 FTEs
than Potential Potential of Potential
Town Characteristics (n = 28) (n = 33) (n =33)

Population:
1990 population
Growth 1980-90
Town /county growth

Population density—
county

Income:

Average family income
1989

Family income growth
1979-89

Town/county average
family income 1989

Town poverty rate 1989

Town/county poverty
rate

Geography:
Miles to nearest hospital
with obstetrics

Miles to nearest MSA

Physician Supply:

FTE primary care
physicians per 1,000
population

% towns in an HPSA

6,535 (7742)
8.4% (18.0)
0.98 (1.70)
61.2 (94.8)

$31,570 (6064)
62.0% (23.3)
0.91 (0.14)

19.8% (8.8)
129 (0.14)

6.3 miles (6.6)

56.0 miles (25.4)

0.54 (0.53)

32.1% (47.6)

4,509 (5859)
3.4% (12.5)
0.70 (1.36)
26.4 (18.8)

$33,153 (6191)
62.2% (27.9)
0.96 (0.15)

153% (5.3)
1.02 (0.32)

6.6 miles (7.7)
60.7 miles (28.2)

2.03 (1.38)

33.3% (47.9)

1,563 (1933)
7.1% (39.3)
0.63 (3.93)
219 (16.1)

$28,885 (4670)
52.2% (18.3)
0.85 (0.12)

172% (7.1)
1.11 (0.40)

12.4 miles (9.7)

59.1 miles (21.8)

041 (0.47)

36.3% (48.8)

Note: County data, except for population density, refers to a standardized Local Region composed of

MCDs, the centroids of which fall within a variable radius.
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Figure 1: Schematic Diagram of Market Share Determination
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Table A1: Per Capita Spending for Physician Office
Visits in 1997 by Age Group and Poverty Status

Age Category FederalBlfcl)?z‘évrty Line Federaﬁ’%?éerty Line
Children under 18 $ 38.85 $ 73.97
Women 18-34 98.68 158.96
Men 18-34 86.36 106.93
Women 35-64 126.21 158.70
Men 35-64 216.30 142.06
Elderly 65-74 356.65 402.09
Elderly 75 and older 316.10 467.95

Source: Tabulations from the National Medical Expenditure Survey, 1987, updated by
the National Center for Health Statistics to 1997 prices. Averages are for
nonmetropolitan areas in the West census region.
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Table A2: Percentage of Medicare Allowed Charges for Physician
Services submitted by Primary Care Physicians
(Washington State, 1994)

Percentage of All
Physician Charges,
Percentage of Charges Including Hospital-
Type of Community for Office Visits Only Based Services
Adjacent to metro area and has a 40.1% 25.5%
large hospital
Adjacent to a metro area and has 43.5 35.7
only a small hospital
Not adjacent with large hospital 34.7 26.3
Not adjacent with small hospital 42.5 35.5
All metro areas 28.4 18.3

Source: Calculated from 100 percent of all Medicare charges for beneficiaries who received all their
care in Washington State during calendar year 1994. The geographic classification was accomplished
by clustering the ZIP codes of patient residence into 123 Health Service Areas. The geographic
classification is according to whether the area contains a hospital with over 100 beds and/or is
adjacent to a metropolitan area. However, metropolitan area designations do not follow standard
MSA county-based classification.
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Table A3: Percentage Distribution of Primary Care Physician
Medicare Allowed Charges by Place of Service
(Washington State, 1994)

Place of Service

Type of Inpatient Outpatient Emergency Other (e.g.,

Community Office Hospital Department Room SNF, ASC)
Adjacent, 71.9% 16.9% 3.2% 2.6% 5.4%
large hospital
Adjacent, 70.2 17.2 1.7 4.8 6.0
small hospital
Not adjacent, 71.1 17.9 52 1.6 42
large hospital
Not adjacent, 71.7 17.0 2.3 3.6 54

small hospital

All metro 76.7 18.0 23 1.9 1.1

Source: See Table A2. The unit of analysis is physicians who are grouped by the location of
their primary office. Rows add to 100 percent.
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Table A4: OLS Regression Model to Estimate the Market Share of
Medicare Physician Payments by ZIP Code of Patient Residence

Study Population

Unit of Analysis

Index Town

Sample Size

Dependent Variable

All Washington ZIP codes contributing Medicare patients to rural
primary care physicians.

A town whose ZIP code(s) that include at least one billing primary
care physician paired with the rural ZIP codes of their patients.
Seven such towns not recognized by the Census Bureau are
excluded.

312 Residential ZIP Codes paired with 45 rural places with at least
one billing primary care physician, for a total of 843 observations.

Market Share

Independent Variables

Total allowed charges flowing from a residential ZIP code to a town
with primary care physicians serving those residents as a proportion
of all billed charges for residents by primary care physicians (no
matter where their offices are located).

Population of Index Town
Distance to Index Town

Distance to the Nearest MSA
Distance to Town >10,000

Distance to Town 5-10k

Distance to Town 2.5-5k

Distance to Town 1-2.5k

Distance to Town < 1,000

Regional Dummy Terms

1990 Census population.

Log of linear miles between the centroid of the ZIP code and the
centroid of the index town with the physician office.

Log of linear miles between the centroid of the ZIP code and centroid
of the nearest Metropolitan Statistical Area.

Log of linear miles between the centroid of the ZIP code and centroid
of the nearest rural place with a 1990 population > 10,000.

Log of linear miles between the centroid of the ZIP code and centroid
of the nearest rural place with a 1990 population between 5,000 and
10,000.

Log of linear miles between the centroid of the ZIP code and centroid
of the nearest rural place with a 1990 population between 2,500 and
5,000.

Log of linear miles between the centroid of the ZIP code and centroid
of the nearest rural place with a 1990 population between 1,000 and
2,500.

Log of linear miles between the centroid of the ZIP code and centroid
of the nearest rural place with a 1990 population less than 1,000.
Series of 19 dichotomous indicator variables for substate-regions in
which the index town is located. Number of such variables included
in models varied between 2 and 8.



- 66 -



-67 -

Table A5: Summary of Market Share Regressions:
Adjusted R-Squares and the Number of Observations

Town Size Category Central/Eastern Puget Sound/Vancouver Statewide

All places 0.422 (n=383) 0.451 (n=458) 0432 (n=846)
10,000+ 0.689 (n=119)* 0.542 (n=132)* 0.549 (n=252)
5,000-10,000 0.835 (n=28) 0.684 (n=99) 0.708 (n=128)*
2,500-5,000 0.568 (n=119)* 0.697 (n=71)* 0.508 (n=191)
1,000-2,500 0.616 (n=80)* 0.724 (n=104)* 0.532 (n=185)
> 1,000 0.614 (n=33) 0.563 (n=48) 0.520 (n=82)*

Note: Asterisk (*) indicates the eight models used to estimate market share.
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