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PREFACE

In 2005, the University of California (UC) Health Sciences 

Committee issued recommendations with respect to UC medical education. 

Among the recommendations was a call to assess the feasibility of 

developing one or more comprehensive new medical education programs by 

2020.

In 2006, the University of California, Riverside (UCR) (located in 

an area known as the Inland Empire or Inland Southern California [ISC], 

the southeastern-most part of the state), and the University of 

California, Merced (located in the San Joaquin Valley [SJV], in the 

center of the state) each submitted preliminary proposals to establish a 

school of medicine. Both proposals emphasized that the medical schools 

being proposed would address the health needs of underserved people in 

their region and throughout the state.

To gather evidence in support of their contention, a coalition of 

medical, civic, and other leaders who were proponents of the UC 

Riverside proposal asked RAND Health, a unit of the RAND Corporation, to 

project the supply of  and demand for  ISC physicians in the coming 

decades.

This report summarizes our analysis of the projected supply of and 

demand for physicians who provide patient care in a region that includes 

the Inland Empire. As a means of comparison, we also analyzed the 

projected demand for and supply of physicians in the SJV and California 

as a whole under a number of possible scenarios, including if a new 

medical school were created in ISC. The report also discusses other 

factors that might influence the decision regarding whether to open a 

new medical school and if so where.  Finally, our report discusses some 

of the limitations of our efforts, as well as those of other efforts, to 

project physician supply and demand, and we make recommendations for 

future efforts to project physician supply and demand at the local or 

regional level. Our intended audience includes decisionmakers, the 

general public, and others concerned with the future balance between 
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physician supply and demand in Inland Southern California and analysts 

interested in methodologies for projecting physician supply and demand. 
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SUMMARY

INTRODUCTION

In 2005, the University of California Health Sciences Committee 

(UCHSC), the body responsible for advising on California’s state-run 

secondary medical and allied health schools, predicted the likelihood of 

a physician shortfall in California by the year 2020, based in large 

part on a report issued by the University of Albany Center for Health 

Workforce Studies (CHWS), commissioned by the state of California. This 

report made a number of recommendations with respect to UC medical 

education enrollment, including calling for an assessment of the 

feasibility of developing one or more comprehensive new medical student 

education programs by (or before) 2020.

In 2006, University of California, Riverside (located in Riverside 

County), submitted a preliminary proposal to establish a school of 

medicine. Almost simultaneously, University of California, Merced 

(located in the San Joaquin Valley, in the central part of the state) 

also submitted a preliminary proposal to establish a medical school. 

A coalition of medical, civic, and other leaders who championed the 

UC Riverside proposal asked RAND to independently assess the projected 

demand and supply for physicians in the area surrounding UC Riverside in 

the coming decades. This region is sometimes referred to as Inland 

Southern California, the southeastern—most part of the state, and 

comprises four counties: Riverside, San Bernardino, Inyo, and Imperial. 

In addition, we examined projected supply and demand for the region 

around UC Merced (the SJV region) and California overall.

COMPARING ISC, SJV, AND CALIFORNIA AS A WHOLE 

California, the nation’s most populous state and one of its most 

diverse, has eight medical schools, including five UC medical schools 

and three private medical schools.  Combined, the ISC and SJV regions 

contain 28 percent of the state’s population; yet, between them, they 

contain only one medical school (Loma Linda University, a private school 

in San Bernardino County).
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The per-capita income in ISC and SJV is lower than in the state as 

a whole, with SJV considered one of the most economically distressed 

regions in the United States.  According to most health indicators we 

examined, the health of ISC and SJV residents is worse than the average 

of those in the state.

FORECASTING THE PHYSICIAN SUPPLY IN ISC, SJV, AND CALIFORNIA 

We used data from the American Medical Association Masterfile to 

estimate the current supply of patient-care physicians (which includes 

medical residents and fellows, hereafter referred to as residents) and 

to project the supply in 2020 in the ISC, SJV, and the state. In 2004, 

the ISC and SJV regions both had substantially fewer patient-care 

physicians per 100,000 persons (128.7 and 138.4, respectively) than the 

state as whole (222.6).

We then projected demand under four different hypothetical 

scenarios. Scenario 1 assumed the status quo in the training of 

physicians in California that is, that recent annual rates of change in 

the number of practicing physicians will persist through 2020.  Based on 

this scenario, we projected that by 2020, SJV will have a slightly 

higher number of physicians per capita (134.8) than ISC (127.3), and 

both will remain well below the state average. Scenario 2 assumed a 

gradual 20 percent increase in the number of residents above current 

levels by 2020. Increasing the number of residents raises the supply of 

patient-care physicians immediately (because most residents provide 

patient care), and following completion of training, some residents will 

choose to practice in the region and thus contribute to the “permanent” 

supply of physicians. Scenario 2 produced a forecast of physicians per 

capita that is 2.4 percent higher than Scenario 1 for the state, 2.1 

percent higher for ISC, and only 0.9 percent higher for SJV (reflecting 

the much smaller proportion of residents currently in SJV). Scenario 3

posited that UCR would open a new medical school and affiliated graduate 

medical education programs according to its implementation schedule for 

resident recruitment. Scenario 4 posited both an increase in the 

percentage of residents trained and a new medical school, which would 

result in the largest gains in patient-care physicians per capita.  Even 
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in Scenario 4, the most aggressive of the four, the projected (2020) 

ratio of physicians to population for ISC (144.6) and SJV (136.3) would 

remain at about half the statewide average (267.7).  Our assumptions are 

relatively robust to different inputs for the physician-supply 

projection component.

FORECASTING FUTURE DEMAND FOR PHYSICIANS IN ISC, SJV, AND CALIFORNIA 

We used trend analysis to project physician demand at the county 

level for the state as a whole and for SJV and ISC, separately. 

Consistent with other national studies, we find strong evidence that the 

number of physicians per capita is tied to such county-level economic 

measures as average annual unemployment rates and median per-capita 

income. Our study also incorporated population composition measures, 

including age.

The number of physicians per 100,000 persons is greater in counties 

with proportionally fewer persons under age 15, which may reflect a 

lesser demand for physicians by younger populations. We found no 

association between physicians per capita and a county’s race and ethnic 

composition. Accounting for population and regional economic factors, 

neither ISC nor SJV has significantly fewer physicians per 100,000 than 

the state average.

Projecting to 2020, differences in physician demand among ISC, SJV, 

and the state are again due to differences in population composition and 

regional economy.

BALANCING SUPPLY AND DEMAND 

We project that with no increase in the physician supply pipeline, 

patient-care demand will exceed supply by about 60 physicians per 

100,000 persons in ISC by 2020. If the number of first-year residents 

who begin training in California were to increase starting in 2008 

(Scenario 2), the projected gap would narrow slightly.  If UC Riverside 

were to build a medical school and affiliated graduate medical education 

programs as proposed (Scenario 3), the percentage gap between supply and 

demand would decline by 24 percent. A similar decline (29 percent) in 

the projected gap between supply and demand would result under Scenario 
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4, which both increases residents by 20 percent by 2016 and builds a new 

medical school with affiliated residency programs in UCR (see Figure 

S.1).

Figure S.1. Projected Supply under Each Scenario Relative to Projected 
Demand, ISC, 2020 
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Our projections also predict that if the population and age 

composition change as predicted by the state’s Department of Finance, 

and if the rate of economic growth of SJV slows relative to ISC and the 

state (as projected by the state), the supply of patient-care physicians 

in SJV will fall short of demand by a smaller amount than that for ISC. 

We emphasize that our demand model does not address the appropriate 

proportion of physicians per capita; rather, it predicts demand based on 

the current association between population, regional economy, and 

physician utilization.

Forecasting physician supply and demand is challenging, 

particularly for a time horizon over ten years.  The inherent difficulty 

is magnified when projecting for small geographic units, such as 

counties or groups of counties, because physicians are readily able to 

move across such boundaries in response to local economic conditions or 

population loss or gain.  Economic theory says that physicians will 

follow demand for their services. Thus, our projected supply shortfalls 
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in ISC and SJV are likely overestimated. Our model accounts for such 

changes by assuming that the higher rates of physician growth in ISC and 

SJV that have been observed in recent years relative to the state 

average will grow closer to the state average in the future. But we note 

that our supply projections are sensitive to how much we assume ISC and 

SJV rates will approach the state mean.

Our report highlights conditions under which physician supply is 

likely to partially close the gap with physician demand.  By monitoring 

population composition and economic conditions, analysts can modify 

their expectations about physician demand periodically and see how 

demand is tracking with supply.

CONCLUSIONS

Our analyses suggest that under all the scenarios we considered, 

the demand for physicians in ISC will exceed the supply if the recent 

trends underlying our supply model continue. The analyses indicate that 

a case can be made for moving forward with the UCR medical school 

proposal if the goal is to close the projected physician demand-supply 

gap in the ISC region.  We foresee a projected shortfall in the number 

of patient-care physicians per capita necessary to meet the demand for 

physicians in the four-county ISC region.  Opening the proposed UCR 

medical school would close this projected gap by 16 percent, primarily 

by increasing the number of medical residents and fellows (most of who 

provide patient care) recruited as part of the affiliated graduate 

medical education program. A second contributing factor would be the 

increase in the expected retention of residents both regionally and in 

the state. Our projection hinges strongly on assumptions about future 

economic factors, age composition, and population change. It also 

depends on future trends in physician work efforts.  For example, if 

physicians were to reduce their patient-care hours by 10 percent between 

now and 2020, the projected gap between physician supply and demand 

would double. 

Additional factors need to be considered when deciding whether and 

where to open a new public medical school. One important factor is 

whether the primary objective is to address future rather than current 
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regional and state health care needs: A person who begins medical school 

this year is four to five years from being able to practice medicine as 

a medical resident. Another goal in opening a new medical school might 

be to increase the access of California residents and underrepresented 

minorities to a medical education: Of the 44 states with at least one 

medical school, California ranks 39th in medical school slots per capita 

and 43rd in public medical school slots per capita.  Another advantage 

might include reaping the economic costs and benefits of opening a new 

medical school.
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1.  INTRODUCTION 

BACKGROUND

The University of California (UC) system operates the largest 

health sciences education program in the nation, with more than 13,000 

students in 15 schools, including some 2,500 students in five schools of 

medicine throughout the state, as of 2003-2004.1  In April 2005, The 

University of California Health Sciences Committee (UCHSC), whose role 

it is to assess the state’s current and future needs for health care 

workers (for which UC schools offer training), issued a report that 

analyzed the adequacy of current health sciences education, specifically 

physician education, in the State of California.  The UCHSC report 

relied on the findings of a 2004 study it had commissioned to provide 

policymakers with information on the dynamics of the physician workforce 

in California.  These findings, published in a report entitled 

California Physician Workforce Supply and Demand through 2015, prepared

by the State University of New York, Albany, Center for Health Workforce 

Studies (CHWS), reviewed past and projected population trends as well as 

trends in the training and distribution of physicians and projected 

California’s near-term physician supply. The report noted that 

enrollment in state-funded medical schools has remained virtually 

unchanged for the past 25 years (UCHSC, 2005).  Based on population 

projections completed by the state and physician supply projections 

completed by the CHWS, the report concluded that by 2015, California 

will face a shortfall of up to 17,000 physicians, 16 percent below 

projected need (Center for Health Workforce Studies, 2004). 

The UCHSC made the following recommendations to the UC Regents 

regarding UC medical and graduate medical education (GME)2 enrollment: 

____________
1 These medical schools are University of California Davis, 

University of California Irvine, University of California Los Angeles 
(which includes Charles Drew University), University of California San 
Francisco, and University of California San Diego.

2 Undergraduate medical education refers to the four years of 
medical school that lead to licensure. Graduate medical education refers 
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UC medical schools should increase medical education enrollment 

by 10 percent by no later than 2008, 

UC should increase enrollment in GME (residency) training 

programs by at least 15-20 percent, beginning as soon as 

possible,

UC should begin immediately to assess the feasibility of 

developing one or more new medical education programs by (or 

before) 2020, provided that growth in existing programs is 

achieved and adequately funded.  Appropriate sites for new 

programs should include regions of California that are medically 

underserved and/or projected to experience significant physician 

shortages in the future (e.g., Inland Southern California (ISC) 

and the central and south valleys). 

RIVERSIDE’S BID FOR A MEDICAL SCHOOL 

In 2006, two UC campuses, UC Riverside (UCR) (located in the ISC 

and established in 1954) and UC Merced (UCM) (located in San Joaquin 

Valley [SJV], which is in the Central Valley, and the most recently 

established of the UC schools), submitted preliminary proposals to 

establish schools of medicine.  Both proposals were based on a clinical 

model of partnership with existing institutions in the surrounding area, 

such as the university campuses themselves, other nearby state 

university and college campuses, regional medical centers, and area 

clinics.  Both proposals also noted the need to produce a more 

ethnically diverse physician workforce that reflects the respective 

regions’ populations (UCR 2006, UCM 2006). 

A key difference between the two proposals are the planned 

implementation guidelines and related details.   The UCR proposal calls 

for fully developing and launching a medical school between 2006 and 

2020 and establishing a medical residency program in 2009-10 that would 

serve some 600 residents per year by 2020 (UCR, 2006). The UCM proposal, 

                                                                        
to the post-medical school training of medical interns and residents, 
including specialty training. 
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reflecting the school’s infancy, provided two options for development, 

both including the use of other UC campuses.3

STUDY OBJECTIVES 

In 2006, hoping to strengthen the UC Riverside proposal, a 

coalition of medical, civic, and other leaders who are proponents of the 

UC Riverside proposal engaged RAND to assess the projected supply of and 

demand for physicians in the region adjacent to UC Riverside in the 

coming decades compared with other areas of the state.  In addition, the 

coalition sought an independent assessment of how a new medical school 

at UC Riverside would meet the regional demand. 

APPROACH

When we began our assessment, the UC Regents had not yet determined 

whether they would accept both proposals or the two campuses would be 

competing for the right to sponsor one medical school. To strengthen the 

coalition’s case, we sought to provide a balanced view by comparing 

supply and demand projections for each region as well as the state 

overall, given the status quo.  Using the available information, we also 

projected relative supply and demand under different scenarios in the 

ISC region, with one scenario including the opening of a new medical 

school.

 To construct valid projections of relative physician supply and 

demand, we forecast both physician supply and physician demand for the 

regions in question under a variety of possible future scenarios. 

To project physician supply, we obtained estimates of the current 

supply of physicians in the ISC and comparison regions and expected 

annual rates of physician entry and exit from the current supply for 

each year through 2020. We then forecasted supply of physicians per 

100,000 persons.  We then estimated the future supply of physicians by 

____________
3 The two options being proposed by UC Merced are (1) to develop, 

with the support of one or more other UC campuses, a separately 
accredited medical education program that would admit its first students 
and residents in training in 2014, and (2) to develop a UC Merced track 
within one of the other UC medical education programs. 
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region under four possible scenarios:  Scenario 1, which posits that the 

current net annual increase in physicians from training, net migration, 

and professional attrition will persist in the future (the status quo); 

Scenario 2, which posits a 20 percent increase in residency training in 

existing programs in California; Scenario 3, which posits the addition 

of the UCR medical school and affiliated residency programs; and 

Scenario 4, which posits both an increase in residency training and the 

addition of UCR medical school and its affiliated residency programs.

To project the requirement for physicians, we selected a relatively 

new approach that considers actual economic demand rather than 

theoretical need.4 In the past, need-based approaches have erroneously 

predicted severe physician surplus nationwide.

ORGANIZATION OF THIS DOCUMENT 

Section 2 describes the two regions that would be served by the 

proposed medical schools and their populations and compares the regions 

to California’s population overall.  Section 3 summarizes the current 

and projected supply of physicians through 2020 in the regions to be 

served by each of the two proposed medical schools and the state, and 

presents the projected supply through 2020 for ISC under the various 

scenarios.  Section 4 summarizes current and projected demand for 

physicians in the ISC, SJV, and the state as a whole.  Section 5 

combines supply and demand projections under the four scenarios to 

assess how well the proposed medical schools would close the projected 

gap between physician supply and demand.  Section 6 discusses the 

implications of our findings and considers additional factors that may 

be pertinent to the issue of whether – and where – to build a new 

medical school.

____________
4 Estimates of physician demand reflect the actual use of physician 

services, which is a function of a number of factors such as the local 
economy and insurance status. Our approach is described in more detail 
in Section 4. In contrast, estimates of physician need are theoretical, 
based on guidelines such as those that define the frequency with which 
individuals should seek preventive care. 
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2.  INLAND SOUTHERN CALIFORNIA, SAN JOAQUIN VALLEY, AND CALIFORNIA:
CONTEXT FOR COMPARISON

In this section, we present the context for our subsequent 

projections of physician supply and demand.  We profile the populations, 

economy, and physicians who currently serve the ISC and SJV and the 

state as a whole and compare the “health profile” of each. The tables 

presented in this section may help in developing the curriculum and 

structure of a new public medical school and residency training program 

to ensure that the health needs of the community are best met, although 

that is not the focus of this report.

COMPARING THE POPULATIONS OF CALIFORNIA AND THE TWO REGIONS 

The State of California 

California is both populous and remarkably diverse, reflecting the 

ongoing influx of newcomers who have been drawn to the state over the 

years.  As of 2006, California’s population was just over 37 million and 

ranked as the 13th fasting growing state, increasing 22 percent between 

1990 and 2006 (United States Census Bureau, 2007).  The state’s 

population growth reflects a natural increase (births in excess of 

deaths) and a net influx of migrants (both domestic and international).

Although the state’s population is concentrated in the northern and 

southern coastal counties, the inland counties, especially those in the 

ISC (Riverside, San Bernardino, Inyo, and Imperial) and the SJV (which 

comprises eight counties), are the fastest growing in the state (US 

Census Bureau, 2007).

California’s population is notable for its ethnic and racial 

diversity.  Latinos constitute 36 percent of all Californians, Asians 12 

percent, and African Americans 6 percent (US Census Bureau, 2007).

Latinos make up nearly half (48 percent) of California children under 

age 18 (State of California, Department of Finance, 2007).  By 2020, a 

majority of Californians will be Latino.  Californians speak over 200 

languages, with 60 percent of the population speaking only English and 

26 percent speaking only Spanish.
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California’s gross domestic product is the largest in the United 

States and exceeds that of all but seven countries worldwide.  The 

state’s largest source of employment is agriculture (including fruit, 

vegetables, dairy, and wine), followed by aerospace, entertainment, 

light manufacturing (including computer hardware and software), and 

mining.  In 2004, per-capita income in California was ranked 12th in the 

nation ($35,219; Bureau of Economic Analysis, 2006).

California has eight medical schools. In addition to the five state 

medical schools, there are three private medical schools: the University 

of Southern California (located in Los Angeles), Stanford University (in 

Palo Alto), and Loma Linda University (in Loma Linda) (Dower et al., 

2001).  Six of these eight medical schools are located near the coast; 

only UC Davis medical center (in Sacramento, north of the Central 

Valley) and Loma Linda University (in the ISC) are located inland, where 

the projected population growth is expected to be greatest. As of 2003-

2004, the total number of medical students enrolled in all eight schools 

was 2,572.

A separate question is whether Californians have similar access to 

medical school slots as do residents in other states. By the measure of 

number of medical students by state of legal residence per 100,000, 

Californians rank 26th (5.8 per 100,000 in 2006 compared with 6.0 per 

100,000 nationally). Of the 44 states with at least one medical school, 

California ranks 39th in medical school slots per capita (about 16 per 

100,000 compared with 27 for the US). 

The ISC 

The four counties that make up the ISC occupy 26 percent of 

California’s land mass and are home to 11 percent of California 

residents (in 2004) (Department of Finance, 2005).

Riverside County registered 3.6 percent annual population growth in 

2005, making it the second-fastest growing county in the state, followed 

only by sparsely populated Yuba County (a rural northern California 

county near Sacramento) (Southern California Association of Governments, 

2006). Most of the recent population growth in Riverside County as well 
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as in the rest of ISC is the result of migration from other regions of 

the state (Southern California Association of Governments, 2006).  A 

primary factor is thought to be the greater affordability of housing 

relative to coastal Southern California counties. 

The composition of ISC’s population is similar to that of the state 

as a whole. Nearly 50 percent of ISC residents are non-Latino white, 40 

percent are Latino, 7 percent are black, and 4 percent are Asian.

Although in 2004, the unemployment rate in the region was 5.3 

percent, about the same as for the state overall (5.8 percent), the 

region has experienced faster job growth than the state overall. 

However, median per-capita personal income (2004) was approximately 23 

percent lower in ISC than in the state as a whole ($24,300 versus 

$33,400).  The major employers in the region are government, 

retail/distribution, health care (Kaiser Permanente and Loma Linda 

University medical center), education, and the military. 

The SJV 

The SJV is situated in the center of California and includes eight 

counties:  San Joaquin, Fresno, Kern, Kings, Madera, Merced, Stanislaus, 

and Tulare. It occupies 17 percent of California’s land mass (Diringer 

et al., 2004) and is the residence for 10 percent of the state’s 

population.

The region has experienced rapid population growth, which is 

projected to continue through 2020:  With more than 3 million residents 

in 2000, the population is expected to reach nearly 5 million by 2020, a 

projected increase of nearly 40 percent (Great Valley Center, 2004).

Like ISC, SJV’s growth is largely attributable to migration from other 

parts of the state (particularly the coastal areas). However, also 

contributing significantly to the population growth are the birth rate 

as well as immigration from outside of the state (predominantly from 

Mexico).

The ethnic composition of the region in 2000 was 53 percent non-

Latino white, 34 percent Latino, 8 percent Asian/Pacific Islander, 4 

percent African American, and 1 percent Native American. 
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The SJV region registers persistently high unemployment (13.3 

percent, in 2003) and, along with Central Appalachia, is considered 

among the most economically distressed regions in the United States 

(Greatvalley.org, 2005a). The state and local government is the major 

employer in the SJV region, followed by agriculture, retail, health 

care, and service industry (Kawahara and California Economic Strategy 

Panel, 2007). Table 2.1 summarizes the economic and demographic 

characteristics of the two regions. 

Table 2.1. Summary of Key Geographic, Economic and Demographic 
Characteristics of ISC and SJV

Characteristic ISC SJV

Counties
Riverside, San Bernardino, 
Inyo, Imperial 

San Joaquin, Fresno, 
Kern, Kings, Madera, 
Merced, Stanislaus, 
and Tulare 

Existing medical 
schools Loma Linda University None
Percentage
California
landmass 26% 17%
Percentage
California
residents (2004) 11% 10%

Race/ethnic
composition

Non-Latino white: 50% 
Latino: 40% 
Black: 7% 
Asian: 4% 
American Indian: <1% 

Non-Latino white: 53% 
Latino: 34% 
Black: 8% 
Asian: 4% 
American Indian: 1% 

Major industries 

Government,
retail/distribution, health 
care, education, and the 
military

Government,
agriculture, retail, 
health care, and 
service industry 

Per capita 
personal income 
(2004) $24,300 $24,600
Unemployment rate 
(2004) 5.3% 10.0%

PHYSICIAN PROFILES FOR CALIFORNIA, ISC, AND SJV 

In this section, we compare the broad physician characteristics of 

ISC and SJV with those of the state overall (Tables 2.2 and 2.3).  These 

characteristics, including gender, age, and specialty, are thought to 
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influence hours devoted to patient care, the intensity and type of care 

provided, and retirement trends.

 The proportion of female doctors in both ISC and SJV - 24 percent 

-is slightly lower than the average for the state, 29 percent (Table 

2.2). Female doctors tend to provide fewer hours of patient care per 

week than do male doctors (Heilgers and Hingstman, 2000; Jacobson et 

al., 2004).

The age profile for physicians in ISC and SJV is similar to that 

for the state as a whole (Table 2.2). Policymakers nationwide are 

concerned that the number of physicians in the older age groups is 

increasing rapidly and that in the next 20 years physician retirement 

will be a key driver of physician supply (Kletke, 2000). California has 

an older physician age profile than does the nation overall (22 percent 

of California physicians are 65 and over, compared with 18.3 percent for 

the nation [based on the authors’ calculations using the 2006 Area 

Resource File]). Yet, a likely reason for the greater average age of 

California’s physicians is the popularity of the state among retirees. 

If this is in fact the case, the age profile of physicians in California 

(and in ISC and SJV as well) who are currently in practice is actually 

younger than statistics would indicate.

Table 2.2. Summary of Gender and Age Profiles of Physicians in 
California, ISC, and SJV

Characteristic California ISC SJV

Percentage Female physicians (2004) 29% 24% 24%
Physician age (years) (2004) 
Percentage <35 14% 14% 9%
Percentage 35-44 21% 19% 22%
Percentage 45-54 23% 24% 27%
Percentage 55-64 20% 19% 22%
Percentage 65+ 22% 25% 20%

Source: Area Resource File, 2006. 

 Table 2.3 shows the 2004 distribution of physicians’ self-

designated specialties for the state, as well as for the ISC and SJV 

regions. The physician specialty profile for ISC more closely resembles 

the state as a whole than it does SJV.  SJV has a larger proportion of 
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primary-care physicians (45 percent) than do ISC (39 percent) and the 

state as a whole (37 percent). SJV also has a slightly higher proportion 

of obstetrics-gynecology physicians (7 percent) than do ISC and the 

state (6 percent each). ISC has a higher percentage of general surgeons 

and surgical specialists (18 percent) than does the state (16 percent) 

and SJV (16 percent). There are no clear guidelines as to what the ideal 

pattern of physicians is, but decisionmakers responsible for developing 

medical education curricula for any new medical schools will likely want 

to understand the distribution of specialty characteristics in relation 

to the local population characteristics and health status.
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Table 2.3. Self-Designated Specialties of Active Physicians in 
California, ISC, and SJV 

Self-designated specialty California ISC SJV
Family/general practice 13.0% 17.7% 19.4%
Internal medicine (general) 16.0% 13.2% 16.1%
Pediatrics 8.4% 8.2% 9.3%

Primary care 37.4% 39.0% 44.8%
Ob-gyn general 5.5% 5.7% 6.5%

Cardiovascular diseases 2.7% 2.5% 2.7%
Gastroenterology 1.5% 1.4% 1.5%
Pulmonary diseases 1.3% 1.1% 0.9%
Internal medicine subspecialties 4.8% 3.6% 3.4%

Internal Medicine Specialties 10.3% 8.6% 8.5%
Surgery general 4.8% 5.5% 5.4%

Otolaryngology 1.4% 1.6% 1.2%
Colorectal Surgery 0.1% 0.1% 0.1%
Thoracic Surgery 0.7% 0.7% 0.8%
Transplant surgery 0.0% 0.0% 0.0%
Plastic surgery 1.3% 1.1% 0.9%
Neurological surgery 0.7% 0.9% 0.6%
Orthopedic surgery 3.5% 3.8% 3.0%
Ophthalmology 2.8% 2.7% 2.5%
Urology 1.3% 1.5% 1.2%

Surgical specialties 11.8% 12.4% 10.3%
Anesthesiology 5.8% 6.0% 5.6%
Pathology 2.4% 1.9% 1.7%
Radiology 1.8% 2.3% 1.5%

Facility-based 9.9% 10.2% 8.8%
Psychiatry 6.5% 5.5% 4.5%
Child psychiatry 1.0% 0.5% 0.6%

Psychiatry 7.5% 6.0% 5.1%
Pediatric subspecialties 1.8% 1.9% 1.1%
Neurology 1.7% 1.6% 1.4%
Allergy & immunology 0.6% 0.5% 0.5%
Dermatology 1.9% 1.4% 1.2%
Emergency medicine 4.4% 4.4% 4.2%
Physical Med & Rehab 0.9% 1.1% 0.8%
Preventive medicine/Occupational 
medicine/Public health 1.0% 1.3% 0.9%
Other 0.5% 0.4% 0.5%

Other 12.8% 12.6% 10.6%

Source: Area Resource File, 2006. 
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HEALTH PROFILES FOR ISC, SJV, AND CALIFORNIA 

To profile the health of the regions’ populations, we gathered data 

for each county in the two regions from the state Department of Health 

annual report. Most states, including California, issue an annual report 

that provides performance data for selected health indicators 

recommended by the U.S. Public Health Service for monitoring state and 

local progress toward achieving goals set forth in Healthy People 2010 

(US Department of Health and Human Services, 2000).5 The reports 

contain vital statistics and morbidity tables for each county.6  Rather 

than comparing a comprehensive set of health indicators among the two 

regions and the state, we compared selected indicators that reflect the 

various dimensions of health across age groups.  The information in 

these reports can also be used to identify population-level needs for 

specific physician specialties. 

Maternal and Child Health 

Table 2.4 summarizes the most recently reported findings for 

several indicators of maternal and child health (as well as one measure 

of sexually transmitted disease, the overall incidence of chlamydia). 

Neither ISC nor SJV was consistently better than the state average. The 

percentage of births involving low birth weight for the 2002-2004 time 

period and the infant mortality rate for 1999-2001 were lower in ISC and 

SJV than for the state overall.  SJV performed worse on prenatal care 

and better on childhood immunization than did ISC and the state.  ISC’s 

performance was comparable to the state average for both of these 

indicators.  The ISC population also had a markedly lower prevalence of 

chlamydia than did that of SJV and the state as a whole for the 2000-

2002 reporting period. 

____________
5 Healthy People 2010 is a national health promotion and disease 

prevention initiative to increase the quality and years of healthy life 
among Americans (http://www.healthypeople.gov/). 

6 We also explored using data from the California Health Interview 
Survey (CHIS), a large statewide telephone survey that collects self-
reported health behavior and status measures, but statistical power was 
too low to detect differences by county. 

http://www.healthypeople.gov
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Table 2.4. Indicators of Maternal and Child Health, ISC, SJV, and 
California

Region

% Low 
Birth
Weight
(2002-
2004)

Infant
Mortality

Rate
(1999-
2001)

Late/No
Prenatal
Care
(2002-
2004)

%  Two-Year-
olds Not 
Immunized
(2006

retrospective
survey)

Chlamydia
per 100,000
(2000-2002)

ISC 6.6 6.4 18.8 21.1
(17.8-24.4)***

266.8

SJV 6.2* 6.2** 23.0* 17.8
(11.6-23.4)

294.0

California 7.0 7.4 17.0* 22.9
(20.8-25.0)

291.1

Source: California Department of Health Services and California 
Conference of Local Health Leaders, 2004; California Kindergarten 
Retrospective Survey, California Department of Health Services, 
Immunization Branch, 2006.

*Based on 1996-2000; **Based on 1998-2000 data.
***Includes Orange and San Diego counties. 

Chronic Diseases 

Table 2.5 summarizes age-adjusted death rates for several of the 

major causes of death and morbidity: diabetes, lung cancer, all cancers, 

coronary heart disease, and stroke. Compared with the state, ISC and SJV 

each has higher rates of mortality from diabetes, lung cancer, all 

cancers, and cardiovascular disease, but a lower rate of death from 

stroke.

Table 2.5. Death Rates from Chronic Disease,
ISC, SJV, California 

Age-Adjusted Death Rates (per 100,000)

Region Diabetes
Lung
cancer

All
cancers

Coronary
heart
disease
(2005) Stroke

ISC 23.8 47.8 183.2 220.9 47.8
SJV 28.3 48.2 178.0 212.0 48.2
California 21.0 44.8 172.7 161.0 58.9
Source: California Department of Health and California Conference of 
Local Health Leaders, 2004. 
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SUMMARY AND COMMENTS 

California, the nation’s most populous state and one of its most 

diverse, has eight medical schools, including five public schools and 

three private schools.  Combined, the ISC and SJV regions are home to 21 

percent of the state’s population, yet, between them, they contain only 

one medical school (Loma Linda University in San Bernardino County). 

Per-capita income in ISC and SJV is lower than the state median; SJV is 

considered one of the most economically distressed regions in the US.

The health of residents in ISC and SJV is poorer than that of the 

state as a whole by some measures but not others. Both ISC and SJV 

residents have higher rates of death from diabetes, coronary heart 

disease, lung cancer, and all cancers than the average Californian but 

lower rates of death from stroke.  SJV residents have a higher rate of 

death from diabetes, lung cancer, and stroke than ISC residents but a 

lower rate of death from all cancers and coronary heart disease.  ISC 

women are more likely than SJV women but less likely than women across 

the state to report that they received timely prenatal care.  The rates 

of low birth weight and infant mortality in the ISC and SJV are lower 

than the state average (and the rates in the SJV are slightly lower than 

those in the ISC).  A slightly higher percentage of two-year-olds in SJV 

are immunized than in ISC or the state as a whole.  Rates of chlamydia 

infection are lower in the ISC than in SJV and both rates are lower than 

the state average. 
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3.  FORECASTING THE FUTURE SUPPLY OF PHYSICIANS IN ISC, IN SJV AND IN 
CALIFORNIA

In this section, we describe the methods and data we used to 

forecast the number of physicians in the ISC, SJV, and California and 

the results of the forecast. 

METHODS USED TO FORECAST PHYSICIAN SUPPLY-TO-POPULATION RATIO

Forecasting Method 

We used a standard approach to forecasting future workforce to 

population ratios to project the future physician supply in ISC, as well 

as SJV and the state.  Our methodology required estimates of the current 

supply of physicians in ISC and comparison regions as well as estimates 

of the annual rates of entry to and exit from the current workforce 

through 2020.  However, knowing the current supply of physicians and 

being able to forecast the future supply is not sufficient to assess the 

adequacy of the physician supply, because we have not considered the 

changing size of the population.  Thus, we need to divide the projected 

physician supply by the projected population within the region to obtain 

the forecasted supply of physicians per 100,000 persons.  This 

physician-to-population metric can be calculated for demand projections 

as well, permitting direct comparison of supply and demand (e.g., Bureau 

of Health Professions, 2006; Council on Graduate Medical Education 

[COGME], 2000).

Hypothetical Scenarios 

Our intention was to assess the effect of a new medical school on 

the supply of physicians in ISC. Therefore, we estimated the future 

supply of physicians under four hypothetical scenarios, varying some 

aspect of physician training.

The base scenario (hereafter referred to as Scenario 1) posits that 

the current net annual rate of increase in physicians from training, net 

migration, and professional attrition will persist in the future.

Scenario 2 posits a 20-percent increase in residency (GME) training 

in existing programs in California, a recommendation of the UCHSC 

(2005). Practically, such an ambitious expansion of medical residency 



-  - 16

slots in California would likely need to be implemented over many years 

and would be accomplished by increasing the number of slots for first-

year residents only (over time, all resident cohorts would increase, as 

the first-year residents progress through their training programs). 

Thus, we assumed that the increase will be implemented gradually, 

starting in 2008, with the full 20 percent increase per year by 2016.

Scenario 3 posits the addition of the UCR medical school. The 

primary means by which a new medical school adds patient-care physicians 

is through the addition of residents recruited as part of an affiliated 

GME residency training program (see Table 3.1 for resident recruitment 

by year). Exit surveys of physicians completing medical residency who 

have accepted their first position show that residents trained in 

California tend to remain in California; we assumed this phenomenon to 

hold true at the regional level (though to a lesser extent). Thus, we 

assumed that all residents affiliated with the UC Riverside medical 

school will work in ISC.  We also assumed that these residents are less 

likely to leave patient care than the total population of patient-care 

physicians, because younger physicians are less likely to retire or 

reduce their work hours than are older physicians.

Scenario 4 posits both a statewide increase in residency training 

and the addition of a medical school at UCR.

Ideally, we would have extracted similar information to that 

provided in Table 3.1 for UC Merced to model the supply of physicians in 

the SJV region under Scenarios 3 and 4.  However, this information is 

not yet available.  As described earlier, UC Merced’s proposal sets a 

broad goal of opening a school no later than 2014 that would then be 

implemented over a decade.  Whatever the eventual details of the final 

proposal, given the implementation timeline, we can say that any 

increased supply of physicians attributable to a new medical school 

would be similar to that seen in UC Riverside (but delayed by about four 

years), assuming that the proportion of faculty and resident recruitment 

to regional population is the same in UC Merced as it is in UC 

Riverside.
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Table 3.1. UC Riverside Plan for Resident Recruitment 

Year Number of Residents 
2012 280
2013 400
2014 480
2015 540
2016 580
2017 600
2018 600
2019 600
2020 600

Source:  University of California, Riverside, 2006.

DATA AND INPUTS USED FOR PHYSICIAN SUPPLY-TO-POPULATION RATIO PROJECTION 
MODELS

To forecast the physician supply-to-population ratio, we needed 

three types of information:  current physician supply by county, annual 

number of entrants (or “births”) into the local physician workforce 

(i.e., physicians who have just completed medical residency training), 

and the annual residual rate of change in physician workforce, excluding 

or net of physicians who just completed residency training in the 

region.  We discuss the data or other information source we used for 

each component in turn below. 

County-Level Supply of Physicians 

Most studies on the physician workforce use data from the American 

Medical Association (AMA) Masterfile to provide estimates of current 

supply (e.g., CHWS, 2004; Rizza et al., 2003; Lurie et al., 2002; and 

Shipman et al., 2004).  The AMA Masterfile includes current and 

historical data on all physicians (including deceased physicians), 

regardless of AMA membership status, who meet the educational and 

credentialing requirements for physicians. We note that our definition 

of patient-care physicians includes all medical residents as well as 

physicians who have received post-residency training fellowships and who 

are referred to as fellows. Participants in medical-school-affiliated 

residency programs deliver patient care; also, a physician is more 

likely to choose to practice medicine in the state in which the 

residency was completed than to practice in another state, particularly 
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a residency in primary care (e.g., internal medicine and family 

medicine).

However, the AMA Masterfile has several characteristics that may 

make its use for smaller geographic areas problematic.  First, the 

Masterfile relies on sources such as reports from state licensure boards 

and periodic physician surveys, and updating of the AMA Masterfile can 

be delayed up to several years (Rittenhouse et al., 2004). In areas of 

rapid population growth (such as in ISC and SJV), these delays would 

tend to lead to underestimates of the supply of physicians, because the 

Masterfile might not capture the physicians who have entered the system 

most recently to meet growing health care demands. Second, in the past, 

it was estimated that about 40 percent of physicians receive AMA 

mailings at their homes, but for an unknown percentage of physicians, 

county of residence is different from their place of practice (Keil et 

al., 1998).  Although the AMA has been working recently to increase the 

percentage of members who receive mailings at practice addresses, this 

discrepancy may still be a concern in such regions as Southern 

California, where cross-county commuting is common. For example, a 

physician who lives in ISC or Ventura county (part of the central 

coast), may work in Los Angeles. 

Given these two concerns with the AMA Masterfile, we conducted 

ancillary analysis of the supply and demand of physicians based on data 

from the California Bureau of Consumer Affairs, which lists the number 

of state-licensed physicians by county per year.  Two characteristics of 

this data source suggest that it may contain more accurate information 

on the number and location of licensed physicians at the county level 

than the AMA Masterfile.  First, annual licensure renewal requires a 

nontrivial fee and the completion of continuing medical education 

credits (and is required for continued practice).  Thus, physicians have 

an incentive to update their status annually.  Second, because the 

physician’s address becomes part of the public record, a physician would 

be unlikely to report a home address. A key limitation of the licensure 

information is that it does not provide information on whether a 

physician is involved in patient care. Thus, we primarily relied on the 

AMA Masterfile, and we performed ancillary analysis using licensure 
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information. For states in which patient care information is available 

(e.g., Mississippi—personal communication, Josalynn Cossman, 2007), 

analysts may prefer state licensure information to the AMA Masterfile.

Annual Entrants into the County’s Supply of Physicians 

Annual entrants to the supply of physicians consist of residents 

who have completed their training. For our purposes, we assumed a 

residency length of four years, that is, annual entrants come from the 

group of physicians who were first-year residents four years ago.

Although the number of first-year residents varies from year to year, 

this number has remained essentially unchanged since 1990—for example, 

in 2004, California had the same number of first-year residents (2,259) 

as it did in 1990 (2,252). Further, the 2000-2001 California Exit Survey 

of Residents Completing Training showed the in-state retention rate 

(i.e., the percentage of residents with confirmed plans to remain in the 

state to practice) was a very high 79 percent.7  In-county or regional 

retention rates are unavailable for California; so we made an assumption 

that half of those who remain in-state will remain in-region (i.e., 40 

percent of all residents). Thus, we project that without a change in UC 

policy, there will be 2,110 first-year residents (Bt) each year between 

2005 and 2020 (the average annual total number of residents in 

California over 1990 to 2004 divided by four).  We also assessed the 

sensitivity of our results to the assumption that one in three and one 

in five residents are in their first year.

Annual Residual Rate of Physician Workforce Change 

Also desirable to determine is the annual residual rate of change 

in the physician workforce, the annual rate of change in the number of 

physicians excluding the new entrants (i.e., residents who have 

completed training and remain in the region or state).  This rate is 

influenced by the rates at which practicing physicians die, retire, 

reduce patient care hours per week to below 20, and move into or out of 

____________
7 In contrast, New York’s in-state retention rate was 53 percent 

(Nolan et al., 2002). 
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the county.  However, we have no information on any of these components.

Because this rate is variable, we applied the annual residual rate of 

change averaged over the five year period from 1999 through 2004 to 

project forward to 2020. This rate of growth varied considerably across 

regions (1.2 percent for ISC and 2.8 percent for SJV) and compared with 

the state (0.3 percent).  High regional rates of growth in physicians 

that outpace population growth (as was the case especially in SJV) is 

unsustainable—so we assume that all rates will most likely approach the 

mean rate of growth for the larger geographic unit (i.e., the state) 

that includes them. To account for this likelihood, we applied shrinkage 

estimates of residual annual rate of change, which are calculated as a 

linear combination of the observed region rate and the observed state 

rate of growth (0.3 percent), weighting each by 50 percent (resulting in 

1.0 percent and 1.6 percent annual residual rates of change for ISC and 

SJV, respectively). In other words, we assume that the gap between the 

regional residual rate of growth and the statewide residual rate of 

growth will on average be 50 percent smaller between 2004 and 2020 as it 

is in 2004. Under the various scenarios considered in this report (e.g., 

a new medical school or increasing medical residencies), the stock of 

physicians is enriched with young doctors, who are less likely than 

older doctors to leave practice or reduce hours (Landon et al., 2006). 

Accordingly, we assume that the annual residual rate of change is 20 

percent higher for the added stock of physicians than it is for the 

entire stock.

RESULTS

Past and Current Physician Counts and Ratios 

Table 3.2 compares the total annual physician counts and the number 

of physicians per 100,000 population in California based on data from 

the AMA Masterfile from 1990-2004, for nonfederal patient care 

physicians and federal and nonfederal total active physicians (i.e., who 

are professionally active) and their respective physician–to-population 

ratios.  Although our primary focus is on patient-care physicians - that 

is, those who self-report providing more than 20 hours per week in 
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patient care - we present the results for total active physicians, since 

this higher number represents the stock of potential patient-care 

physicians. Between 1992 and 2004, the number of patient-care physicians 

per capita in California increased 4 percent, from 214.2 to 222.6 per 

100,000), which is close to the 2004 national average (227.6 per 

100,000— authors’ calculations). Over a similar time interval (1995-

2004), the number of active physicians per capita increased 5.6 percent. 

In ancillary analysis, we confirmed this potentially unexpected increase 

in active physicians per capita using state licensure information (which 

yielded a 6.5 percent increase in the number of licensed physicians over 

the same ten-year interval).

Table 3.2.  Number of Physicians in California 

Nonfederal Patient-Care 
Physicians

Federal and Nonfederal 
Active Physicians 

Year Count
Per 100,000 

People Count
Per 100,000 

People
Total

Population
1992 66,059 214.2 30,845,000
1993 67,022 214.1 31,303,000
1994 67,490 213.2 31,661,000
1995 67,977 213.0 77,732 243.6 31,910,000
1996 68,730 213.2 78,862 244.7 32,231,000
1997 70,556 216.0 80,628 246.8 32,670,000
1998 70,408 211.9 82,640 248.7 33,226,000
1999 70,731 209.5 83,921 248.5 33,766,000
2000 73,227 214.1 86,395 252.6 34,207,000
2001 75,587 219.8 87,800 255.3 34,385,000
2002 76,741 219.3 90,096 257.4 35,000,000
2003 79,273 222.6 92,468 259.7 35,612,000
2004 80,401 222.6 92,907 257.2 36,124,626

Source: AMA Masterfile, 1992–2004. 

Table 3.3 shows that the number of patient-care and active 

physicians per capita in ISC is substantially lower than that for the 

state and the nation, and this discrepancy has been growing over time.

In 1992, there were 139.3 patient care physicians per 100,000 persons in 

ISC; by 2004, this ratio had dropped 8 percent to 128.7 patient care 
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physicians per 100,000 people.  The growth in physician number has 

failed to keep pace with population growth in the ISC region.

Although not shown, the number of patient care physicians in SJV 

(138.4) is higher than in ISC and has increased (slightly) since 1992, 

suggesting that in contrast to ISC, SJV’s patient-care physician number 

has kept pace with population growth over the past decade.

Table 3.3.  Number of Physicians in ISC 

Nonfederal, Patient 
Care Physicians 

Federal and 
Nonfederal Active 

Physicians

Year Count

Per
100,000
People Count

Per
100,000
People

Total ISC 
Population

1992 3,985 139.3     2,860,188
1993 4,094 139.6     2,932,094
1994 4,127 137.4     3,004,000
1995 4,241 137.9 4,743 154.2 3,075,906
1996 4,339 137.8 4,833 153.5 3,147,811
1997 4,444 138.0 4,944 153.6 3,219,717
1998 4,464 135.6 5,091 154.7 3,291,623
1999 4,402 130.9 5,140 152.8 3,363,528
2000 4,517 131.5 5,247 152.7 3,435,434
2001 4,610 130.2 5,268 148.8 3,541,403
2002 4,749 130.2 5,247 143.9 3,647,372
2003 4,916 131.0 5,268 140.4 3,753,340
2004 4,967 128.7 5,442 141.0 3,859,309

Source: AMA Masterfile, 1992–2004 

Projections under the Four Scenarios 

Table 3.4 summarizes the projection results for the four scenarios.

By 2020, we forecast that the number of physicians per 100,000 persons 

will increase to 127.3 in the ISC, 134.8 in the SJV, and 259.1 for the 

state as a whole.

To illustrate, we walk the reader through Scenarios 1 and 2 for 

ISC. The projected physician supply for Scenario 1 (base) is calculated 

by assuming that the original supply of physicians will continue to grow 

by 1.0 percent (the 50 percent shrinkage estimate of the annual residual 

rate of change) per year through 2020. Ignoring first-year residents who 
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remain in ISC following completion of training four years later, we 

forecast that there will be 6,011 patient-care physicians in 14 years 

((4967*1.01)^16=5,824).  Forty percent of first-year residents remain in 

the region following four years of training, after which they are 

exposed to the annual residual rate. This process results, on average, 

in 63 new patient-care physicians being added to ISC each year).8

Combining these two components, we forecast that there will be 6,828 

physicians in 2020 (a 37-percent increase over 2004 levels).

Under Scenario 2, which involves gradually increasing the number of 

California-trained first-year residents by 20 percent (the upper range 

of what was proposed by the CHWS) between 2008 and 2016, the number of 

patient-care physicians per 100,000 persons would increase by an average 

of 2.1 percent in ISC, 1.0 percent in SJV, and 2.5 percent in the state 

as a whole.  By 2020, the 20-percent increase will have been fully 

realized, resulting in 115 more residents in training who are providing 

patient care in ISC, in addition to the 576 residents who would have 

been there without the increase in the number of residents. The gains to 

SJV from Scenario 2 are less than those for ISC and the state because 

SJV currently does not have a medical school and hence has a smaller 

ratio of residents to citizens than either ISC or the state as a whole 

has.

____________
8 Note that ISC adds 58 new patient-care physicians per year, but 

the effective number of patient-care physicians is obtained by applying 
the residual annual rate of change multiplied by the 20 percent 
inflation factor to account for the younger age profile of these 
physicians.
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Table 3.4. Projected Supply in 2020, by Region and State for the 
Hypothetical Scenarios 

Scenario 1: 
Base

Scenario 2:
20% Increase in 

Residents

Scenario 3:
UCR Medical 

School

Scenario 4:
20% Increase in 
Residents and 
UCR Medical 

School

/Region Total
Per
100K Total

Per
100K Total

Per
100K Total

Per
100K

ISC 6,828 127.3 6,976 130.0 7,611 141.9 7,759 144.6
SJV 6,713 134.8 6,777 136.0 6,727 135.0 6,792 136.3
Calif. 113,641 259.1 116,429 265.5 114,585 261.3 117,372 267.7

Under Scenario 3 (implementing the proposed UC-Riverside medical 

school and affiliated residency training programs according to the 

proposed time line [Table 3.1]), the number of patient-care physicians 

per 100,000 persons would increase 11.5 percent ([141.9-127.3]/127.3) by 

2020 in the ISC region from the Scenario 1 forecast. Most of this 

increase would be due to the infusion of 600 residents, all of whom are 

assumed, in our model, to provide patient-care in the region for the 

four years, on average, that they train. In addition, our model 

forecasts that by 2020, ISC will have gained an additional 185 patient-

care physicians from residents who have completed their training and 

remain in the region.  In contrast, SJV currently has 3 percent of all 

residents in the state; we assume that 3 percent of all new medical 

residents who train in the state, regardless of where they train, would 

locate in SJV.  Under Scenario 3, SJV would experience a slight (0.2 

percent) increase in patient-care physicians and the state as a whole 

(which would retain 79 percent of the new residents trained in ISC) 

would experience a 0.8 percent increase in patient-care physicians.

Under Scenario 4 (which combines Scenarios 2 and 3), the increase 

in the ratio of patient-care physicians to population would be 13.6 

percent greater than the base projection in ISC, 1.2 percent higher than 

the base projection in SJV, and 3.3 percent higher statewide.  However, 
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we anticipate that the estimate for ISC is low:  If more than 40 percent 

of residents remain in ISC, the percentage increase will be higher. 

Sensitivity Analyses 

We conducted sensitivity analysis on the assumptions made for our 

projections for the four scenarios. We made two sets of assumptions: 

those regarding residents and those regarding population growth. 

The assumptions regarding residents were that (1) one in four of 

all residents are first-year residents, (2) 40 percent of all first-year 

residents will remain in the region after completion of their residency, 

and (3) new residents added to the stock of physicians in ISC in 

Scenarios 2-4 have a 20 percent higher net rate of change (on average) 

because they are less likely to retire, die, or reduce their patient-

care hours than other patient-care physicians.  As shown in Tables 3.5 

to 3.7, our projections are relatively robust to changes in each of 

these assumptions.

Table 3.5.  Summary of Sensitivity Analysis Based on Proportion of 
Residents Assumed to Be In Their First Year,

ISC:  2020 (Baseline Scenario 1) 
2020Proportion of 

Residents
Assumed to Be 
First Years Total Per 100K 
One in three 7,098 132.3
One in four 6,828 127.3
One in five 6,627 123.5

Table 3.6.  Summary of Sensitivity Analysis Based On the Assumption 
Regarding In-Region Retention, ISC:  2020 (Baseline Scenario 1) 

2020In-Region
Retention Rate Total Per 100K 
30% 6,577 122.6
40% 6,828 127.3
50% 7,079 132.0
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Table 3.7.  Summary of Sensitivity Analysis Based on Assumption 
Regarding Multiplier Applied to Net Residual Rate for Residents Added to 

ISC Physician Workforce, Scenario 4 
2020

Multiplier Total Per 100K 
1.1 7,758 144.6
1.2 7,759 144.6
1.5 7,760 144.7

Because our projected physician-to-population ratio is depends on 

the accuracy of the population projections we employed, we assessed the 

sensitivity of our results to differing accuracy of the population 

projections. The population projection we used to estimate the projected 

physician-to-population ratio is based on population projections issued 

by the California Department of Finance.  Such projections, of course, 

have limits in terms of accuracy (see for example Rayer, Smith, and 

Tayman, 2007; George et al., 2004).   Projections are less accurate for 

counties that experience rapid population decline or growth (Rayer, 

Smith, and Tayman, 2007). Thus, we formulated and analyzed additional 

scenarios, in which we posited that the 2020 projected population is 

inaccurate by +/- 5 percent (best-case scenario), +/- 10 percent, and 

+/- 15 percent (worst-case scenario). These percentages correspond, 

roughly, to the lowest (6.2 percent), average (10.0 percent), and 

highest (13.2 percent) average error in accuracy in a simulation of 10-

year forecasts for all United States’ counties from 1930 to 2000 (Rayer, 

Smith, and Tayman, 2007).

Table 3.8 summarizes the results of our sensitivity analysis to 

different assumptions about the accuracy of the population projections.

The analysis revealed that our results are sensitive to the accuracy of 

the population projections.  If population projections are 10 percent 

less than the actual ISC population in 2020, the number of physicians 

per 100,000 persons in ISC will range from 119.2 (base Scenario 1) to 

135.0 (Scenario 4).  Conversely, if the projections are 10 percent too 

high, then the projected number of physicians per 100,000 persons will 

range from 145.7 (base Scenario) to 165.0 (Scenario 4).  An even greater 

range of projected ratio of physicians to population is evident in the 

lowest accuracy condition (+/-15 percent). Unfortunately for 
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forecasters, past experience suggests that it is virtually impossible to 

predict either whether a population forecast will be too high or too low 

(Rayer, Smith, and Tayman, 2007) or the level of any population 

projection inaccuracies.  Decisionmakers will want to incorporate 

revised population projections when updating projected physician-to-

population ratios. 

Table 3.8. Projected Physician-to-Population Ratios in 2020,
Scenarios 2-4, in ISC, by Scenario, Under Different Assumptions about 

the Accuracy of Department of Finance Projections 
High Level of 

Accuracy
Medium Level 
of Accuracy 

Low Level of 
Accuracy

Scenario +5% -5% +10% -10% +15% -15%
Scenario 1: Base 138.0 124.9 145.7 119.2 154.2 114.0
Scenario 2: 20% 
Increase in 
Residents 140.9 127.5 148.7 121.7 157.5 116.4
Scenario 3: UCR 
Medical School 153.4 138.8 161.9 132.5 171.5 126.7
Scenario 4: 20% 
Increase in 
Residents and UCR 
Medical School 156.3 141.4 165.0 135.0 174.7 129.1

As a final sensitivity test, we applied alternative shrinkage 

estimates of residual annual rate of change that is calculated as a 

linear combination of the observed region rate- and the observed state 

rate of growth.  Table 3.9 presents results based on 33 percent 

shrinkage.  For SJV, we obtain a base Scenario 1 projection of 143.6 

physicians per 100,000 persons, compared with 134.8 with 50 percent 

shrinkage (Table 3.3). The effects on the ISC supply estimates are 

smaller because the observed estimate of the annual residual rate of 

physician workforce change was closer to the state annual residual rate 

of change.  Policymakers will want to track actual annual rates of 

change in the regional supply of physicians, net of residents in 

training, in order to update this key assumption in the projection of 

physician supply. 
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Table 3.9. Projected Supply in 2020, Scenarios 2-4, by Region and State: 
Alternative Shrinkage Estimate (33 Percent) 

Scenario 1: 
Base

Scenario 2:
20% Increase in 

Residents

Scenario 3:
UCR Medical 

School

Scenario 4:
20% Increase in 
Residents and 
UCR Medical 

School

Region Total
Per
100K Total

Per
100K Total

Per
100K Total

Per
100K

ISC 6,896 128.5 7,044 131.3 7,681 143.2 7,829 145.9
SJV 7,153 143.6 7,218 144.9 7,168 143.9 7,233 145.2

SUMMARY

In this section, we used data on the number of patient-care 

physicians in California to estimate current and to project the future 

supply of patient-care physicians in 2020 in each of three areas:  ISC, 

SJV, and California as a whole.  In 2004, the ISC and SJV regions both 

had substantially fewer patient-care physicians per 100,000 persons 

(128.7 and 138.4, respectively) than the state as a whole had (222.6); 

the state as a whole, we note, has a patient-care per-capita ratio that 

is very similar to the national average.

Our projections were estimated for four scenarios.  The base 

scenario 1 assumed the status quo in the training of physicians in 

California.  Scenario 2 assumed a 20-percent increase in the number of 

residents trained each year, starting in 2008, which will be fully in 

place by 2020. Under this scenario, compared with Scenario 1, we 

forecast that in 2020, the number of patient-care physicians per capita 

will be 2.1 percent higher in ISC and 2.5 percent higher for the state.

Scenario 3 assumed that UCR will open a new medical school with 

affiliated residency programs according to the implementation schedule 

summarized in Table 3.4. Under this scenario, we forecast that ISC would 

experience an 11.5 percent increase in the ratio of patient-care 

physicians to population, although this ratio would still be far below 

that of the state average. Scenario 4 assumed both an increase in the 

number of residents trained and a new medical school and would result in 

the largest gains to patient-care physicians per capita. 
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Our results are relatively robust to different assumptions about 

the inputs for the physician supply projection component, with the 

exception of the assumption about the level of convergence between the 

regional and state annual rates of change.  Our results are also quite 

sensitive to the accuracy of the population projections we used.
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4. FORECASTING THE FUTURE DEMAND OF PHYSICIANS IN ISC, SJV, AND 
CALIFORNIA

In this section, we describe the methods used to forecast future 

demand for physicians and provide the results we obtained from applying 

the selected approach. 

METHODS USED TO FORECAST PHYSICIAN DEMAND 

In contrast to forecasting supply, there are several approaches to 

projecting physician demand.  The first question we faced was whether to 

project physician “need” or actual “demand.”  Prior to the 1990s, the 

dominant approach was to posit “need,” a socially desired ratio of 

providers to population. Favorable patient-care ratios (physicians to 

population) may be recommended by panel consensus (e.g., the COGME 

recommendations noted above) or benchmarking (i.e., against a region or 

health care system that is considered high quality) (Goodman et al., 

1996; Weiner, 1994).

A problem with projecting need is that it does not reflect how our 

health care system is set up. In the past, need-based projections have 

erroneously predicted an impending physician surplus, despite three 

critical trends to the contrary:  (1) the number of active physicians in 

the United States in absolute and per-capita numbers has continued to 

grow and, based on national projections, is expected to do so for 

another 20 years (Goodman and the Committee on Pediatric Workforce, 

2005); (2) the percentage of practicing physicians who are international 

medical graduates (IMGs) has grown by 38 percent in the past decade 

(suggesting that the number of U.S.-trained physicians does not meet the 

U.S. demand for physicians) (Goodman and the Committee on Pediatric 

Workforce, 2005), and (3) the number of physician job offers,

particularly in larger states such as California and New York, has far 

exceeded the number of applicants (CHWS, 2002).

A second broad approach is to estimate physician “demand” rather 

than need. Two widely used approaches exist for estimating physician 

demand. Perhaps the most widely used of these approaches is the 

requirements approach.  This approach uses existing patterns of 
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physician utilization to forecast per-capita demand for primary-care 

physicians (PCPs) and specialists (typically reported in terms of 

physicians per 100,000 persons) by quantifying tasks (e.g., visits and 

procedures) and work time (in full-time equivalents).  Such models 

forecast physician demand using physician utilization rates by 

population segment, practice setting, insurance status, and current and 

future population counts by these factors.  Utilization rates are 

generally estimated for each of 18 specialties (per the Bureau of Health 

Profession’s Physician Demand Model). The Lewin Group is under contract 

with the federal government (and other organizations, such as the 

Association of American Medical Colleges and the American Academy of 

Family Physicians) to run the Physician Demand Model. A problem with the 

requirements approach is that the needed data may not be readily 

available for the geographic unit of interest (in this case, the 

county), and, if the information is available, considerable resources 

are required to obtain and manipulate the data and build the model or to 

contract with a vendor to do so.

A simpler demand approach such as the one advocated by Cooper and 

his colleagues (2002) may yield results comparable to those achieved 

using the more complex requirements approach.  The Cooper model for 

estimating demand uses a form of trend analysis, a recent and 

increasingly accepted approach to projecting future physician workforce 

(Cooper, 2002).  This model is based on actual measured physician 

supply; that is, it is based on the observed number of patient-care 

physicians per capita in a county of given population size, composition, 

and the local economy.  The model is based on the prior observation that 

sustained economic development, as measured by gross domestic product 

and population growth, is the dominant factor that influences the growth 

of the physician workforce (Cooper et al., 2002; Cooper, Getzen, and 

Laud, 2003).  This model has previously been used to project demand for 

physicians at the national and state levels (e.g., Cooper et al., 2002; 

Freed et al., 2003), but not at the county or regional level. In the one 

case in which the requirements approach and the trend analysis approach 

were used in parallel projections, the results yielded comparable 

results (Erikson et al., 2007; Cooper, 2007).
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Our basic equation for the physician demand model is as follows: 

P(t)= P(t)+RaceEth(t)+Age65pl(t)+Peds(t)+Rural + 

MInc(t)+unempl(t)+Region+Year(t)

where P(t) is the number of physicians per capita in the region at time 

t, RaceEth represents the racial and ethnic composition, Age65pl and

Peds represent the proportions of the population that is 65 and over and 

that is less than 15, respectively, and MInc and unempl are measures of 

economic growth and represent median per-capita income and average 

unemployment rates, respectively, for the county. Rural is a fixed 

county-level indicator. We also include dummy indicators for county (or 

region) and a continuous indicator for year to capture regional and 

trend variations in the number of physicians per capita that are 

independent of the population and economic variables in the model.  Our 

unit of analysis is the county-year.

Ultimately, we are interested in projecting demand for the ISC 

relative to the SJV and to the state as a whole.  Thus, we combined the 

four counties that constitute ISC into the ISC region; likewise, we 

combined the eight counties to be served by the proposed UC-Merced 

medical school into a single region.  We combined the central and south 

Sierra counties into a single Sierra region.  Three regions consist of a 

single county each (Los Angeles, San Diego, and Orange). The remaining 

three regions (Bay Area, Central Coast, and Northern California) had the 

same composition as those used by CHWS.9 As with prior demand 

projections, we note that this approach initially sets supply and demand 

to be equal to that observed statewide in our baseline year; it allows 

for region-specific differences in the physician-to-population ratio.

____________
9 Counties were grouped into regions as follows: ISC (Imperial, 

Inyo, Riverside, San Bernardino), SJV (Fresno, Kern, Kings, Madera, 
Merced, San Joaquin, Stanislaus, Tulare), Sierra (Alpine, Amador, 
Calaveras, Colusa, El Dorado, Mariposa, Mono, Nevada, Placer, 
Sacramento, Sierra, Sutter, Tuolumne, Yolo, Yuba), Bay Area (Alameda, 
Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa Clara, Santa 
Cruz, Solano, Sonoma), Central Coast (Monterey, San Benito, San Louis 
Obispo, Santa Barbara, Ventura), Northern California (Butte, Del Norte, 
Glenn, Humboldt, Lake, Lassen, Mendocino, Modoc, Plumas, Shasta, 
Siskiyou, Tehama, Trinity).
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Because our outcome is a count variable, we estimated our model 

using Poisson regression (using total population estimates as the 

measure of exposure).  The Pearson goodness-of-fit test was not 

consistent with a Poisson distribution (P < 0.05), so analyses were 

repeated using negative binomial regression, a less restrictive 

generalization of Poisson regression.  Statistically significant blocks 

of coefficients from the final model are applied to project future 

population composition and characteristics to obtain predicted demand 

for physicians per capita in 2020. Since each county contributes 15 

years of data, we cluster by county.

DATA USED FOR PHYSICIAN-TO-POPULATION DEMAND PROJECTION MODELS 

The physician data were obtained from the AMA Masterfile.  Our 

population size and composition variables for California and for 

individual counties are from the California Department of Finance 

(2007).  Our county-level economic measures, rural county indicator, 

average annual unemployment rate, and median income are from 

California’s Regional Council of Rural Counties, California Economic 

Development Department, and the Bureau of Economic Analysis (2006), 

respectively. Income is standardized to 2004 dollars. Because physician 

location decisions are not immediately responsive to prevailing economic 

and demographic conditions, we use one-year lagged models of population 

race/ethnic and age composition, unemployment, and per-capita income.

RESULTS

Table 4.1 shows the incident rate ratio (IRR) associated with the 

county population composition and economic characteristics obtained from 

the regression model.  IRRs indicate the strength of the relationship 

between a characteristic and the number of physicians per capita.  An 

IRR equal to one means that the characteristic is not associated with a 

change in the relative number of physicians per capita; an IRR greater 

than one indicates that the characteristic is associated with more 

physicians per capita; an IRR less than one indicates that the 

characteristic is associated with fewer physicians per capita. The table 

also shows the change in pseudo-Rsq (a measure of how well the model 
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fits the data) between the full model and a model that excludes each 

block of variables.  A low value (e.g., 0.0018) indicates that adding or 

removing a particular block of variables (in this case, the race/ethnic 

composition measures) contributes little to the explanatory power of the 

variables.

Model 1 is the full model, i.e., it takes all factors into account. 

The three economic factors - rural county indicator, unemployment rate, 

and median per-capita income - jointly account for most of the 

explanatory power of these variables (0.0228), which is consistent with 

recent physician-workforce analyses at the state and national levels 

(Cooper, Getzen, Laud, 2003).  We also tested for (but failed to find) 

significant two-way interactions among all possible pairings of the 

predictor variables.  Model 2 is a more parsimonious model that is 

restricted to variables that were statistically significant at p < 0.05 

in model 1.

Ancillary analysis that substituted numbers of physicians licensed 

by the State of California by county yielded the same pattern of results 

as shown in Table 4.1.
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Table 4.1. Summary of the Contribution of Variables to the Demand Model 
Variable/Region Model 1 

(IRR)
Model 1 

(Pseudo-Rsq)
Model 2 
(IRR)

Pre-1999 1.13* 0.002 1.16***
Age composition 
  % < 15 years 0.005*** 0.065*
  % > 64 years 0.090

.0096
--

Race/ethnicity
  % Hispanic 0.49 --
  % black 0.62 --
  %  American 
Indian

0.57

0.0018

--

Local economy 
Rural indicator 0.84
Unemployment
rate

0.98* 0.97***

Median per-
capita income 

1.03***

.0228

1.03***

Bay Area (1.00) (1.00)
ISC 1.39
SJV 1.25
Los Angeles 1.53*** 1.32***
Orange 1.05
San Diego 1.25* 1.22***
Central Coast 1.09
Northern
California

1.02

Sierra 1.00

.0062

*Statistically significant at p-value < 0.05; **p-value < 0.01; ***p-

value < 0.001. 

In Model 1, six variables are significantly associated with 

patient-care physicians per capita: pre-1999 indicator,10 percentage of 

the population that uses pediatric services, average annual unemployment 

rate, median per-capita income, and indicator variables representing Los 

Angeles and San Diego counties. We note that the coefficient for the 

proportion of the population that is Medicare-aged is nonsignificant but 

suggests that counties with a higher proportion of elders have fewer 

physicians per capita.  This finding contradicts the large literature 

documenting higher physician utilization rates among the elderly than 

among the nonelderly population (see, e.g., Goldman et al., 2004). We 

____________
10 In preliminary analyses, we examined the annual trend in 

physicians per capita and found that before 1998, the IRR was constant, 
and post-1998, it was at a constant 15 percent lower level. Thus, we 
include an indicator variable for pre-1999. 
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believe that the finding of the current analysis is spurious and 

reflects the association between the proportion of elderly and other 

unobserved regional economic characteristics not in the model. For 

example, counties that are designated as rural have a much higher 

proportion of elderly than nonrural counties; when we include the rural 

indicator control, the coefficient associated with the proportion of 

elderly loses statistical significance.

In ancillary analyses not shown, we find that Los Angeles County 

and San Diego County are the only regions that differ significantly in 

the number of physicians per capita from the statewide average (based on 

Model 2). In other words, controlling for compositional and economic 

differences among the regions, none of the regions differs in the number 

of physicians per capita from the statewide average except Los Angeles 

and San Diego, which each have significantly more physicians per capita 

than the state average. 

To forecast demand for physicians in 2020, we applied the 

coefficients from Model 2 to the expected value of each characteristic 

at the regional or state level. For the expected percentage of 

pediatrics patients (those younger than 15 years of age), we used the 

projections of the population age composition (based on California 

Department of Finance population projections). To obtain expected per 

capita income in 2020, we applied the 2020 forecasted annual rate of 

growth in real median per-capita income to the 2004 real median per 

capita income.
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Table 4.2. Results from Different Assumptions about Future Demand, 2020 

Percentage
< 15 Years 

Unemployment
Rate

Per-Capita
Median
Income

Projected
Physicians
per 100K 

DOF 2020 Projections and 1990-2004 County Average (Middle 
Range)

ISC 23.7% 7.1% $29,000 187.4
SJV 25.6% 11.6% $26,400 144.6
California 20.6% 6.7% $45,500 273.5

Variable Percent < 15 Years Old:  Results for ISC 
High 20.6% 7.1% $29,000 203.9
Medium 23.7% 7.1% $29,000 187.4
Low 25.6% 7.1% $29,000 177.9

Variable Unemployment Rate:  Results for ISC 
High 23.7% 6.7% $29,000 189.5
Medium 23.7% 7.1% $29,000 187.4
Low 23.7% 11.6% $29,000 165.4

Variable Per-Capita Income:  Results for ISC 
High 23.7% 7.1% $33,900 214.5
Medium 23.7% 7.1% $29,000 187.4
Low 23.7% 7.1% $27,600 179.2

 The forecasted annual rate of growth in real income through 2020 

is 1.9 percent for California, 0.9 percent for the Inland Empire (which 

we apply to the total ISC), and 0.6 percent for the counties of Fresno 

and Madera (which we apply to all of SJV) (California Department of 

Transportation, 2005a and 2005b).  We also assume that in 2020, 

unemployment rates in ISC, SJV, and California will be the average 

seasonally adjusted unemployment rate between 1990 and 2007 provided by 

the California Employment Development Department.11

Table 4.2 shows the differences in projected physician demand in 

2020 if one of three characteristics were varied: the percentage of the 

population less than 15 years of age, the unemployment rate, and the 

per-capita income. The top panel shows the characteristics for ISC.  In 

the lower three panels, the middle range represents the values for ISC, 

the high value represents the value for the state of California, and the 

low value represents that of SJV. In the case of the per-capita panel, 

the value refers to the projected annual rate of growth in per-capita 

income that is applied to the 2004 ISC per-capita income. Based on the 

____________
11 For the statewide demand model, we estimated the reduced form of 

model 2 separately for the state as a whole. 
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middle range or forecast (i.e., the projection that we expect to be the 

most accurate), the 2020 ISC population will “demand” 187.4 patient-care 

physicians per 100,000 people, compared with a very low projected demand 

of 144.6 patient-care physicians in SJV and 273.5 patient-care 

physicians for the state overall. Our forecast indicates that in 2020, 

ISC’s demand for patient-care physicians than the state as a whole, and 

SJV’s demand will be even lower.  However, if ISC’s or SJV’s population 

composition or regional economy were to grow more similar to those of 

the state as a whole, demand for physicians would begin to resemble that 

of the state. 

The remaining three panels of Table 4.2 illustrate this point by 

showing the results of our assessment of how variation in each of the 

inputs alters the projected demand for physicians in ISC.

A  decrease in the unemployment rate from the ISC level to the 

statewide average or an increase to the SJV average would have the 

smallest effect on projected physician demand (from 187.4 to 189.5 and 

165.4, respectively). If personal income in ISC were to grow at the rate 

forecasted for the state as a whole (which is about twice the rate 

forecasted for ISC), projected physician demand would be 14 percent 

higher than the middle series forecast (214.5 vs. 187.4). If personal 

income growth is as slow as forecasted for SJV, physician demand would 

be 4 percent lower than the middle series forecast. Similarly, projected 

demand for patient-care physicians rises and falls according to the 

expected percentage of the population that is under 15.

SUMMARY

In this section, we reported the results of using trend analysis to 

project physician demand.  Not only does trend analysis have the 

advantage of being better able to model demand for physicians than need-

based models by explicitly incorporating economic growth, but trend 

analysis is also easy to implement.  The data are readily available, and 

the computational demands are less than those required for the other 

most-often-used demand model, which uses the requirements approach.  To 

our knowledge, this report represents the first instance in which trend 



-  - 40

analysis has been conducted at the county level.  We also believe that 

our analysis shows that credible results can be obtained by applying 

trend analysis at the sub-state level. 

Our study included population composition measures.  We find that 

the age composition of the local population is significantly related to 

physician demand; in particular, we find that the proportion of the 

population that is under age 15 is negatively related to the number of 

physicians per 100,000 persons.  This finding is not surprising given 

that the pediatric population has many fewer health problems than the 

adult population.   In our data, we find that the proportion of elderly 

in a county or region is related to the health and structure (e.g., 

rural status) of the local economy.  Our analyses failed to find any 

association between the race and ethnic composition of the population 

and physicians per capita. A limitation of our analysis is that the 2004 

demand for physicians per capita is set equal to the 2004 supply of 

physicians per capita, adjusting for county differences in population 

and economic characteristics. 
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5. BALANCING SUPPLY AND DEMAND 

Given the projections from Sections 3 and 4, we can begin to 

understand whether a given level of physician supply is adequate in 

relation to expected demand.  In this section, we link supply- and 

demand projections to evaluate the projected gap between the two and to 

assess the circumstances under which demand exceeds supply and the 

circumstances under which supply will meet demand in ISC.

We began by assessing the balance between supply and demand for 

physicians per 100,000 in the base Scenario 1 and then examined how this 

balance shifts according to each of three alternative scenarios:

Scenario 2 (increase medical residency slots by 20 percent); Scenario 3 

(add UC Riverside medical school plus affiliated residency training 

programs); and Scenario 4 (add both 20 percent more residents and UC 

Riverside medical school plus affiliated residency training programs). 

We followed this comparison with a comparison of projected supply and 

demand under a variety of assumptions. This section reports the findings 

of these analyses. 

COMPARISON OF PHYSICIAN SUPPLY AND DEMAND 

Figure 5.1 shows the projected gap between the supply of and

demand for (using the middle-range forecast) physicians in the ISC in 

2020 under baseline Scenario 1 (i.e., assuming the average number of 

residents trained per year in California from 1990 to 2004 remains 

constant and no new medical school opens in California).  Our base 

(Scenario 1) projection is that there will be 128.7 physicians per 

100,000 in 2020 in ISC (as shown in Table 3.3), but given the expected 

population size and average past economic conditions, the region will 

demand 187.4 physicians per 100,000 persons in 2020. In other words, we 

project that without an increase in the physician supply in California, 

there will be about 58.9 fewer patient-care physicians per 100,000 

persons (32 percent) in ISC than needed to meet demand.
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Figure 5.1. Projected Supply under Each Scenario Relative to Projected 
Demand, ISC, 2020
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According to Scenario 2, the number of incoming residents will 

increase in California starting in 2008, reaching levels that are 20 

percent higher than those in 2004 by 2016. Under these conditions, the 

projected gap will narrow slightly to a shortfall of 56.1 physicians per 

100,000 (that is from a 32 percent to a 30 percent gap) needed to meet 

demand.

If, as depicted in Scenario 3, the UC Riverside medical school and 

its associated residency programs were implemented as planned, then the 

percentage gap between supply and demand would be further reduced from 

the 32 percent of base Scenario 1 to 24 percent (44.2 physicians per 

100,000).

Under Scenario 4, which both increases residents by 20 percent by 

2016 and builds a new medical school in UCR, the gap would be similar to 

that under Scenario 3 but slightly smaller.

ISSUES IN PROJECTING SUPPLY AND DEMAND 

Efforts to project physician demand and supply are notoriously 

problematic.  It is impossible to foresee accurately how the necessary 

assumptions about the components or inputs into these models will play 
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out.  For that reason, it is most useful to present multiple sets of 

projections, allowing the different sets of inputs to vary.  Providing 

multiple projections allows the user of these projections to 

conceptualize what factors are likely to influence supply and demand.

We believe that the strength of our projections, particularly the demand 

projections, is that we empirically identified those components that, 

over the past ten years at least, have been significantly associated 

with physician-to-population ratios in California counties. In other 

words, we have identified those easily quantifiable factors that are 

most related to the physician density observed in a county. Before 

turning to a discussion of issues about the demand models, we first 

discuss issues related to the supply-projection scenarios.

Issues Related to Supply Projections 

As noted in Section 3, population projections should not be 

regarded as exact.  The smaller the geographic unit for which the 

population is being projected, the less accurate the projections, 

particularly for regions undergoing rapid population decline or gains.

Figure 5.2 plots the projected demand for physicians per 100,000 persons 

under each of the four scenarios relative to projected supply of 

physicians under nine assumptions about the accuracy of the population 

projections.  The vertical lines correspond to our middle-range demand 

projections for the state (273.5 physicians per 100,000 persons), ISC 

(187.4 physicians per 100,000 persons), and SJV (144.6 physicians per 

100,000 persons).  The first stacked bar corresponds to supply 

projections that would result if the population projections 

underestimate the eventual population by 15 percent; the second and 

third stacked bars correspond to 10 percent and 5 percent 

underestimates, respectively, of the actual population.  The middle 

stacked bar represents our middle-range projections, which assume that 

population projections for 2020 will match population estimates in 2020.

The right-most three stacked bars represent population projections that 

overestimate eventual population by 5, 10, and 15 percent, respectively.

 What is striking about Figure 5.2 is that projected physician 

supply fails to meet projected ISC demand under each of the four 
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scenarios and levels of population projection inaccuracies we consider, 

even if population projections are 15 percent higher than the eventual 

population in 2020. 

Figure 5.2. Projected Demand Based on Varying Assumptions, Relative to 
Supply Projections, ISC, 2020
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Note: Demand assumptions vary by whether characteristics correspond 

to California, ISC, or SJV. 

OTHER FACTORS THAT MAY INFLUENCE RELATIVE SUPPLY AND DEMAND OF PATIENT-
CARE PHYSICIANS 

 Because of limited resources, our study restricted itself to only 

a few of the factors that may potentially influence both supply of and 

demand for patient-care physicians in a county or region.  In this 

subsection, we discuss three additional factors that may be influential: 

(1) physician-specialty distribution and choices, (2) physician 

utilization trends, and (3) health insurance coverage.
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Physician Specialty Distribution and Choices 

 Understanding physician specialty distribution has implications 

for the mix of services provided and, at the local level, physician 

supply. Until 2002, California’s medical residency system required that 

50 percent of residency slots in the state’s public medical schools be 

used for primary-care training and 50 percent for specialist training 

(CHWS 2004). This requirement was based on the assumption that managed 

care delivery systems would soon dominate the health care system and 

that some managed care systems use specialists very sparingly (Weiner 

1994).  Managed care has not become as pervasive as some expected in the 

mid-1990s, and concern has arisen that aging populations require more, 

not fewer, specialists relative to primary care physicians (Starfield et 

al., 2005). Thus, in terms of meeting the future needs of an aging 

population, care needs to be taken to ensure that an appropriate mix of 

specialty and primary care physicians is trained, perhaps emphasizing 

the training of specialists over primary care physicians.

The age and gender composition of the physician population may also 

influence the supply of patient-care services (if not physicians).

Several studies suggest that younger physicians (and possibly female 

physicians) work fewer hours than older (and male) physicians and are 

more likely to reduce patient-care hours to part time or to retire 

(Kletke, Marder, and Silberger, 1990; Forte and Salsberg, 1999). At the 

same time, other studies show that older physicians are more likely to 

retire and perhaps reduce their work hours (Cooper, 2002). It is 

possible to model the effects of these potential demographic trends in 

physician supply by assuming that a reduction in total physician work 

hours results in a comparable reduction in patient-care physicians 

(CHWS, 2004).  A 10 percent reduction in physician work hours between 

now and 2020 would translate into 114.6 patient-care physicians per 

100,000 persons in ISC; given our middle-range forecasted physician 

demand, ISC would have nearly 40 percent fewer patient-care physicians 

than demanded.  This calculation shows that if the assessment of a 

demographic (and perhaps more general) trend toward reduced work hours 

is borne out, it could have a substantial effect on overall physician 

supply.
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Physician Supply Trends 

An additional factor that could influence the supply of physicians 

would be changes in the national supply of physicians. For example, if 

policy changes resulted in a reduction in the number of IMGs who can 

enter United States residency programs each year, statewide and regional 

physician supply would suffer over time. How much suffering would occur 

depends on the supply of IMGs relative to the total supply and the size 

of the resulting reduction and is beyond the scope of this report to 

estimate.

Trends in Health Insurance Coverage

An important factor that could influence demand is health insurance 

coverage. If the state of California or the federal government passes 

expanded health insurance coverage for the uninsured, this addition to 

the number of insured could drive up demand. According to the 2005 

California Health Interview Survey (CHIS), 85.5 percent of ISC residents 

currently have health insurance coverage. (The health insurance coverage 

rate is approximately the same for the state, 86.5 percent, and for SJV, 

85.0 percent). To obtain an upper estimate of the effect of expansion of 

health care coverage on physician demand in ISC, we assumed that 

coverage would be expanded to 100 percent of the population by 2020 and, 

moreover, that the newly covered will have the same rate of utilization 

of patient-care physicians as those who are currently covered. This 

increase in utilization would result in a 17-percent (14.5 percent/85.5 

percent) increase in the patient-care physician demand forecast (to 

219.3 patient-care physicians per 100,000 persons). 

SUMMARY

This section demonstrates how projected supply and demand relate to 

one another under different sets of assumptions.  It is widely 

recognized that efforts to forecast physician supply and demand are 

difficult, particularly more than ten years in advance, and that this 

difficulty is exaggerated when the projections involve smaller 

geographic units, such as counties or regions that comprise groups of 

counties.  To a greater extent at the state and certainly at the 
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national level, physicians can readily move across county or regional 

lines in the event of an economic downturn or population loss. If ISC 

should experience an unexpected demographic or economic change, 

physicians could readily relocate within the state in ways that our 

model cannot predict.

In this section we have highlighted the conditions under which 

physician supply, under each of four scenarios, is likely to fall short 

of physician demand. By monitoring population composition and economic 

conditions, analysts can modify their expectations about physician 

demand from year to year and assess how demand is tracking with supply.
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6.  CONCLUSION AND DISCUSSION 

Based on a single criterion, a projected shortfall of physician 

supply necessary to meet demand for physicians in the four-county ISC 

region, a case can be made, based on our findings, for moving forward 

with the UCR medical school proposal.  Our forecast is that ISC is 

likely to experience a 32 percent shortfall in the number of physicians 

who provide patient-care (including medical residents and fellows) by 

2020.

Under scenarios of rapid population growth (especially growth that 

is more rapid than forecast by the California Department of Finance), a 

healthy economy, and an aging population (i.e., a decline in the 

proportion of the population that is under age 15), the demand for 

physicians in ISC will exceed the supply if the recent trends underlying 

our supply model continue.

Our results are sensitive to the accuracy of population 

projections. Prior assessment of the accuracy of small area population 

projections concludes that it is not possible to accurately predict the 

size and direction of errors in population projection.  Decisionmakers 

may want to reassess our physician supply forecasts in coming years and 

adjust for inaccurate projections as population estimates become 

available and revised projections are released. Our supply projections 

are also sensitive to assumptions about future rates of change in the 

physician supply; we assume that the recent high rates of growth in the 

physician supply in ISC and especially SJV will slow down and approach 

those of the state as a whole. Our analysis indicates that simply 

increasing the number of residents in California (Scenario 2) would have 

little influence on the number of physicians in ISC, whereas moving 

forward with the UCR medical school and associated residency programs 

(Scenario 3) would have a greater effect on the region’s physician 

supply.

For comparison’s sake, we also examined the supply and demand for 

physicians in SJV. As a 2004 analysis of physician workforce in 

California found, we also discovered that SJV has a low ratio of 
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patient-care physicians to population relative to the state as whole.

However, because the SJV is projected to have a higher proportion of its 

population under age 15 and to experience slower economic growth than 

the state and ISC, we projected that the growth in SJV’s physician 

supply will be closer to that of physician demand. Thus, the expected 

supply and demand gap for SJV should be smaller than that for the state 

and ISC. However, lower demand – or a smaller gap - should not be 

interpreted to reflect an adequate ratio of physicians to population for 

SJV.

STUDY LIMITATIONS 

Our study had several limitations.

First, our demand model assumes that in the future, physicians’ 

location decision patterns will be the same as in the past. In truth, we 

expect physician migration patterns will track demand so that the 

projected supply-demand gap for SJV and ISC will likely be smaller than 

we project. Economic theory says that physician supply will respond to 

changes in physician demand in ways that our simplified demand model 

ignored, so that in the long run, supply is unlikely to outstrip demand.

In Section 4, we recommended that future analyses model the complexities 

of physicians’ location decisions more completely.

Second, although our study focused exclusively on physicians, 

nonphysician clinicians (such as physician assistants) are an important 

part of the health care delivery system and may drive the use of 

physicians (Cooper, 2003). However, because physician training is so 

resource intensive and requires such a large investment of dollars 

(public dollars in the case of state-sponsored education), it is 

necessary to project physician workforce alone. In addition, the rapid 

evolution of nonphysician contributions to health care makes it even 

more difficult to project demand for their services relative to those of 

physicians (Blumenthal, 2004).

Likewise, a third limitation of our data and methodology is that we 

did not take into account the patient care that is provided by medical 

students and faculty who provide patient care as part of their 

professional responsibilities. Thus, we overestimated the projected gap 



-  - 50

particularly for the scenarios that included creation of a new medical 

school.

A fourth limitation of our analysis is that we project supply of 

and demand for all patient-care physicians without distinguishing among 

specialties or specialty groups (such as those listed in Table 2.3).

Such an analysis was beyond the scope of the current study, but it would 

be valuable as planning for the new medical school progresses. 

Finally, time and financial constraints limited the number of 

health care utilization and outcome measures we were able to consider in 

comparing ISC, SJV, and the state as a whole. Both the UC-Riverside and 

UC-Merced proposals’ stated objectives included improving the health of 

the population in their region as well as the state as a whole, 

particularly that of the medically underserved. Because the committees 

charged with evaluating these proposals as well as future curriculum 

committees are likely to want to align educational curricula and 

requirements with community health problems, they will want to consider 

additional health care utilization pattern indicators, such as emergency 

room use or hospitalizations for ambulatory care sensitive conditions, 

believed to reflect health care access and utilization problems. 

OTHER FACTORS TO CONSIDER IN OPENING AND LOCATING A NEW PUBLIC MEDICAL 
SCHOOL

As mentioned in Section 1, numerous other issues influence the 

decision to open and locate a new public medical school beyond the 

issues of supply and demand to which we limited our analysis. 

Some of the additional factors that the UC Regents and California 

lawmakers might consider before approving a public medical school 

(Salsberg, personal communication, June 18, 2007) include the following:

Meeting the future (rather than current) health needs of the 

state, since the graduates of a new medical school are probably 

10 to 15 years away from practice.  A new medical school will 

not meet current serious health problems afflicting California 

or its regions, including ISC.

Increasing access to medical education for state residents. Of 

the 44 states with at least one medical school, California ranks 

39th in the number of medical school slots per capita and 43rd in 



-  - 51

public medical school slots per capita (Association of American 

Medical Colleges 2006a), forcing a large number of California 

residents to go out of state to obtain a medical education. 

California ranks 37th in the number of residents attending 

medical school who are able to attend in their state of 

residence (AAMC 2006b).

Increasing access to medical school for underrepresented 

minorities. By locating a school in a community in which the 

primary ethnic group is underrepresented in medicine, a state 

may be able to increase awareness of and opportunities for 

medical education for residents of that community.  How well a 

new medical school is able to increase minority representation 

depends on admissions policies (i.e., to what extent do 

admissions depend on Medical College Admission Test scores 

rather than on taking a more holistic approach that may increase 

opportunities for local residents) and on the tuition. The 

economically disadvantaged are less likely to attend medical 

school because of the debt (Committee on Institutional and 

Policy-Level Strategies for Increasing the Diversity of the U.S. 

Health Care Workforce, 2004). 

Assisting the economic development of a region. A new medical 

school might help the development of a region, particularly if 

it includes a major academic medical center (Salsberg 2007, 

personal communication; Moore, 1974).  The economic impacts of 

community-based medical education programs, such as those 

proposed by UC-Riverside and UC-Merced, on regional development 

are less clear since these programs are relatively new. 

Reducing (albeit modestly) future reliance on international 

medical graduates in the state and nationally. The ethical costs 

are described elsewhere (Mullan, 2005; Hallock, Seeling, 

Norcini, 2003).  From a public health perspective, in an era 

when domestic health issues are increasingly global and 

infectious in nature (e.g., severe acute respiratory syndrome) 

and reliant on the health care structures in developing 
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countries, it may be especially counterproductive to recruit 

IMGs from these same countries (Blumenthal, 2004). 

An additional factor that needs to be considered in deciding where 

to locate a medical school is the cost.  For example, an existing infra-

structure, such as a major university or teaching hospital, to build on 

or another area in the state that would be less costly but provide the 

same benefits might significantly reduce the time and cost of 

implementing a new medical school. The UC-Riverside and UC-Merced 

proposals each emphasize the use of existing medical infrastructure 

(which includes nonuniversity facilities) to help reduce the costs. 

However reliance on such facilities might serve to negate some of the 

economic benefits that would derive from creating an academic medical 

center.

States and regions can also consider other alternatives to increase 

the number of physicians in the short and long run. For example, one can 

offer financial assistance to medical students in exchange for a service 

obligation in designated areas.  The counties that constitute the ISC 

might also offer retention bonuses to keep physicians, especially 

primary-care physicians who disproportionately serve the uninsured 

(Forrest, 2006).  However, if other regions use similar recruitment 

methods, ISC’s physician recruitment and retention success might suffer. 

We also note that these approaches affect the distribution rather than 

the total supply of physicians. 
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