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Abstract

Despite a large literature and considerable policy interest, debate remains over the mo-
tives of nonprofit hospitals. We test four leading theories of nonprofit hospital behavior
by studying the response to a large, plausibly exogenous fixed cost shock generated by an
unfunded seismic retrofit mandate in California. Pre-mandate, we find that seismic risk
is uncorrelated with a host of hospital and neighborhood characteristics as well as service
provision in both levels and changes. In contrast, post-mandate, seismic risk predicts in-
creases in hospital shutdown, and, for nonprofit hospitals, an increase in the provision of
a range of profitable services but not charity care. These results allow us to reject two
popular theories of nonprofits – “for-profits in disguise” and “pure altruism” – and lend
support for theories of nonprofits as perquisite or output maximizers.



1 Introduction

In the US hospital market, where nonprofits account for over two-thirds of beds (David

2009), measuring the return on the nonprofit tax subsidy has proven challenging.1 While

nonprofit hospitals are charged with providing “community benefits” as a condition of the

federal tax exemption, there is no commonly accepted metric for those benefits. Providing

charity care or operating an emergency room falls into this category but so does offering

community health screenings or conducting basic research.2

Due in part to ambiguity in the community benefit standard, policymakers have repeat-

edly questioned the motives of nonprofit hospitals (Horwitz 2006; Schlesinger and Gray,

2006).3 Why, they ask, do nonprofits look more like money-making than charitable in-

stitutions? While theories of nonprofit hospitals abound, they typically lay out general

motivations rather than a formal structure, making it difficult to empirically distinguish

among them. Furthermore, the interaction of a hospital’s budget constraint with any

change in incentives means that strong assumptions on the form of the firm’s objective

and cost functions are required to generate testable implications. To quote Pauly (1987),

“The presence of profit in the budget constraint means that all the variables which affect

profits appear in the comparative statics of [models of nonprofit behavior]... Since the same

variables with the same predicted signs show up in all models, it is obviously impossible to

distinguish among them on this basis.” Finally, distinguishing among models of nonprofit

behavior is complicated by the endogeneity of a hospital’s ownership type (David, 2009).

In this paper we exploit a large negative fixed cost shock to test four leading theories

of nonprofit hospital behavior: (1) “for-profits in disguise,” (2) altruists or social welfare

1Estimates from the Joint Committee on Taxation put the 2002 value of this subsidy, as measured by
federal, state and local tax exemptions, at $12.6 billion (CBO 2006).

2Prior to 1969, the IRS interpreted community benefits as care for those not able to pay to the best of
a hospital’s “financial ability.” This standard has been relaxed over time. Today a nonprofit hospital can
comply by “promoting the health of any broad class of persons” (CBO 2006). More recently the Affordable
Care Act requires that nonprofit hospitals conduct a triennial needs assessment and publicly disclose their
community benefits activity (via Schedule H of Form 990) but provides no specific guidance on minimum
standards, mix of benefits and so on.

3Senator Charles Grassley (R-Iowa) has proposed repeatedly that Congress mandate a minimum level of
charity care to qualify for federal tax-exempt status; several states already do this. And, Illinois has stripped
hospitals of their tax-exempt status because they were not providing “enough” charity care (Francis, 2007).
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maximizers, (3) output maximizers and (4) perquisite maximizers.4

The “for-profits in-disguise” (hereafter FPID) hypothesis posits that nonprofit hospitals

masquerade as charitable organizations but really operate as profit maximizing entities

(Weisbrod, 1988). This could occur because of a lack of enforcement of or ambiguity in the

legal requirements to qualify as tax-exempt.5 This model underlies the policy debate over

the tax-exempt status of nonprofit hospitals.

The altruist model holds that nonprofit hospitals maximize some measure of social

welfare. The usual basis for this is a taste for altruism or social welfare (Rose-Ackerman

1996, Besley and Ghatak 2004). Alternatively, welfare maximizing nonprofit firms might

occur as a socially optimal response to asymmetric information (Arrow, 1963; Nelson and

Kashinsky, 1973; Easley and O′Hara 1983; Hansmann 1981; Weisbrod, 1978; Weisbrod

and Schlesinger, 1986; Hirth, 1999; Glaeser and Shleifer, 2001). In particular, firms may

use nonprofit status to commit themselves to provide quality by constraining their own

incentives to reduce (unobserved and non-contractible) quality in favor of profits.

In between these two extremes are output and perquisite maximization models of non-

profits. Output maximization, also known as “prestige” maximization, is the idea that

nonprofit hospitals directly value output (i.e., the quantity and quality of care). As New-

house (1970) conceived of it, nonprofit hospitals maximize a weighted average of quality

and quantity subject to a break-even or zero profit constraint. The taste for quality and

quantity distorts production away from both pure profit and pure welfare maximization.6

Perquisite maximization posits that nonprofit hospitals respond to the non-distribution

constraint by maximizing non-pecuniary perquisites, including perquisites that raise the

4This classification system is similar to Silverman and Skinner (2004), which adopts the taxonomy in
Malani et al. (2003). Malani et al. (2003) distinguishes across “for-profits in disguise,” “non-contractible
quality,” “altruism,” and “physician cooperatives.” In our taxonomy, non-contractible quality can enter
the altruist, output and perquisite maximizer cases, albeit in slightly different ways. Altruists care about
quality because it affects patient welfare. Perquisite and output maximizers care about quality in and of
itself. Physician cooperative models are encompassed by the perquisite maximizing case (Pauly and Redisch,
1973; Young, 1981).

5Why in such a world would not all hospitals obtain nonprofit status to take advantage of the tax
benefits? Some may have higher masquerading costs. Others may require broader access to capital than is
available to nonprofits. Switching costs, e.g. regulatory friction, may be high. And some may have difficulty
extracting super-ordinary excess profits.

6As discussed in Newhouse (1970), since the pursuit of profit maximization can lead to under-provision
of both quality and quantity, a hospital’s taste for quality and quantity can improve welfare relative to the
pure profit maximization case.
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cost of production and move hospitals off the profit frontier. Because we remain agnos-

tic about the source of any distortion, this category covers many different models. For

example, hospitals may use nonprofit status to financially support the provision of high

quality care (Newhouse, 1970; Lakdawalla and Philipson, 1998), leading to both an ineffi-

ciently high level of quality and an inefficiently low number of patients. In another classic

example, Pauly and Redisch (1973) model nonprofit hospitals as physician cooperatives

that free physicians of the demands of outside investors and allow them to assume control

over resource allocation. Coordination problems can distort behavior away from efficient

production as physicians maximize individual net income, e.g., “oversupplying” their own

specialty care relative to a social planner. “Mission-driven” hospitals, whose goals may

create inefficiencies in health care production (e.g., by constraining input purchases to sup-

pliers with aligned missions), can also fit in this category.7 Perquisite maximization also

encompasses models of “impure” altruism whereby nonprofit hospitals compete to gain

public goodwill, providing charity care or other unprofitable community benefits that is

similar to that of their rivals (Frank and Salkever 1991).8

Because a fixed cost shock does not affect the marginal cost or return for any given

activity, it allows us to avoid the Pauly critique, distinguishing across models of nonprofit

hospital behavior without strong functional form assumptions. Simply put, when a hos-

pital faces a negative fixed cost shock, the budget constraint forces it to shift away from

non-pecuniary objectives. Since a for-profit-in-disguise does not pursue any non-pecuniary

objectives, it will not change its service provision, although it may shut down in response

to a fixed cost shock. In contrast, an altruist will cut back on some of the unprofitable

but socially valuable care it provides. Similarly, output maximizers will decrease care

along at least one dimension, e.g., the quantity of “profitable” or charity care. Perquisite

maximizing hospitals, which profit-maximize conditional on the choice of perquisites, will

decrease perquisites and increase the provision of profitable services. In short, by seeing

7As examples, Florida Hospital’s mission is to“extend the healing ministry of Christ to all patients
who come to us. See http://www.floridahospitalflagler.com/AboutUs/MissionStatement.aspx. Beth Is-
rael Deaconess Medical Center’s mission is to “serve patients, students, science and our community” See
http://www.bidmc.org/AboutBIDMC/Overview/MissionStatement.aspx

8Frank and Salkever (1991) note that if nonprofits maximize social welfare, they should care about the
total volume of charitable care not their own provision of such care. Finding little evidence of either crowding
out or large income effects, they posit the model of impure altruism.
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how hospitals respond to a fixed cost shock, we can identify what nonprofit hospitals value.

The cost shock we study is from SB 1953, a California law requiring hundreds of gen-

eral acute care hospitals to retrofit or rebuild at their own expense in order to comply with

modern seismic safety standards. Because we do not know the underlying exogenous cost

to each hospital, i.e., the costs independent of any chosen upgrades, we operationalize this

shock through the underlying geological seismic risk at a hospital’s exact location. As SB

1953 requires hospitals be made safe for their location, the portion of a hospital’s compli-

ance cost that is determined by underlying geological risk factors constitutes a plausibly

exogenous financial shock. In addition, since the majority of hospitals in California were

built between 1940 and 1970, well before we had a sophisticated understanding of seismic

safety, a hospital’s underlying geologic seismic risk is plausibly uncorrelated with owner-

ship status or other observable characteristics. Importantly, because nearly all affected

hospitals choose to operate out of their old facilities while building a seismically sound

replacement, we are relatively confident that the effects we document are not driven by

changes in hospital production functions.

Consistent with the idea that underlying geological seismic risk is uncorrelated with

hospital location or operations, we find that within county, a hospital’s seismic risk is

uncorrelated with a host of observable hospital characteristics (including nonprofit status,),

neighborhood demographics and pre-mandate period outcomes.9 We further show that a

hospital’s owns seismic risk is not predictive of the closure of any hospital in its 3 digit zip

code area or of its nearest neighbor. This result helps alleviate the concern that within a

county, seismic risk is correlated with unobserved neighborhood or market characteristics.

In contrast, we find that, post-mandate, seismic risk is a strong predictor of hospital

closure, irrespective of ownership type indicating that the mandate had bite. We find that

seismic risk predicts increases in spending on property, plant and equipment, but only

for nonprofits hospitals. This fact suggests that nonprofits may have slack with which to

finance the requirements of the unfunded mandate, providing a first piece of evidence that

they are not FPID.

9We look within county to proxy for a health care market to exclude large scale geographic clustering of
seismic risk. Specifically, across the state as a whole seismic risk is systematically higher along the coast,
where wealthier Californians live.
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To more directly differentiate across models, we examine on the relationship between

seismic risk and hospital resource utilization and service provision. We find that higher

seismic risk is uncorrelated with a nonprofit hospital’s provision of uncompensated care but

associated with increases in the provision of a range of profitable services (e.g. neonatal

intensive care, cardiac care and Magnetic Resonance Imaging (MRI)). These responses

are inconsistent with theories of nonprofits as for-profits-in-disguise or pure altruists, and

provide support for nonprofit hospitals as either perquisite or output maximizers.10

Our work is closely related to several other efforts to distinguish across theories of

nonprofit hospital behavior. Malani et al (2003) synthesize existing theories of nonprofit

behavior in a general framework and compare these predictions to the existing empirical

literature. Given the conflicting literature, they are ultimately unsatisfied by the exer-

cise and suggest the importance of further work. Deneffe and Mason (2002) study the

response to changes in the Medicare, Medicaid and charity caseloads. They show that so-

cial welfare-maximizers should increase the private price in response to an increase in the

charity caseload and decrease the price in response to an increase in the Medicare caseload

while “for-profits in disguise” should not alter the private price in response to a change in

the mix of patients. These predictions are analogous to ours but in a setting with multiple

payers and where hospitals are not price-takers for all patients. Like us, Deneffe and Mason

(2002) reject theories of nonprofit hospitals as either pure profit or pure welfare maximizers.

Horwitz and Nichols (2009) analyze markets with varying for-profit market shares and find

that nonprofits offer more profitable services but have no change in operating margins in

markets with a high concentration of for-profits. They conclude that nonprofit hospitals

pursue output maximization.

Our main contributions to the literature on nonprofit hospital behavior are twofold.

First, by examining the response to a fixed cost shock, we generate empirically testable

differences across theories of nonprofit hospital behavior with a minimum of functional

10Whether hospital perquisite or output maximization is welfare-enhancing relative to for-profits is the-
oretically ambiguous. As such we cannot draw strong conclusions about the relative welfare provided by
different ownership types without additional data on health outcomes and long term spillovers. For exam-
ple, teaching hospitals face a conflict between providing health care services now and ensuring a sufficient
supply of well trained doctors in the future. Moreover, over-investment in new technologies may lead to
technological spillover and improvements in healthcare provision in all types of hospitals.
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form assumptions. This is in contrast to work such as Malani et al (2003) or Deneffe

and Mason (2002), which generate predictions using more restrictive model assumptions.

Second, we exploit a natural experiment that led to plausibly exogenous fixed cost shocks

across hospitals, allowing us to identify nonprofit hospital objectives uncontaminated by

endogenous selection into nonprofit status or other systematic differences in this ownership

type. Whereas, Horwitz and Nichols (2009) are limited by the (acknowledged) endogeneity

of firm location and market mix and Deneffe and Mason (2002) are hampered by the

difficulty of identifying exogenous variation in patient caseloads, we can isolate the effect of

budgetary shocks from fixed differences in cost functions and market characteristics (e.g.,

competitiveness or patient mix), on firm behavior.11

2 Models of Nonprofits

We begin by presenting a general model that embeds four categories of nonprofit hospital

behavior: (1) “for-profits in disguise,” (2) output maximizers, (4) perquisite maximizers,

and (4) social welfare maximizers. In each case, we assess whether and how a fixed cost

shock affects the nonprofit hospital’s level and mix of services. The key intuition behind

the predictions is that, due to a non-distribution constraint, nonprofit hospitals use any

‘extra’ revenue to subsidize those activities they value. When faced with a fixed cost shock,

the firms have less slack to pursue these other activities (i.e., firm behavior will be driven

more and more by the budget constraint so all firms will look more like for-profit firms,

regardless of their underlying preferences). In this way, a fixed cost shock forces hospitals

who were not already pursuing profit to do less of whatever activities they were previously

subsidizing. For example, if a hospital cares only about providing charity care, a fixed cost

shock would result in a reduction in the amount of charity care the hospital can provide.

11In related work, we study the impact of the seismic retrofit mandate on California’s hospital system as
a whole (Chang and Jacobson 2010). We find that in addition to the substantial direct costs of compliance,
the mandate significantly decreased the number of hospitals (increased shutdowns) in the state.)
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2.1 The Basic Model

Hospitals are assumed to be price taking firms12 that maximize an objective function

V = R+ v(q, θ, u) (1)

where R is net revenue, q is the quantity of health care provided, θ are non-contractible

factors that increases the cost of production, such as unobserved quality of care or designer

scrubs, and u is the amount of uncompensated (indigent) care. All variables are normalized

to have non-negative values.

The firm’s objective function is subject to a break-even constraint:

π(q, θ)−R− u− F ≥ 0, (2)

π(q, θ) = pq − C(q, θ) =

∫ q

0
p− (c(x) + θ)dx, (3)

where c is a continuous function that is weakly increasing and weakly convex in x and θ.

Hereafter, WLOG, we normalize the price p for a unit of profitable service to 1.

The timing of hospital behavior is as follows:

1. For F = 0, a hospital chooses q, θ, u to maximize V

2. The hospital receives a random fixed cost shock F ′ > 0

3. For F ′ > 0, hospitals choose q′, θ′, u′ to maximize V

4. If the hospital is unable to meet its budget constraint, it shuts down.

Different models of nonprofit hospital behavior correspond to different objective func-

tions. These functions and their implication for hospital response to F are discussed below.

Formal mathematical propositions and proofs are provided in the appendix.

12Following much of the literature, we assume hospitals are price-takers. This assumption is not needed
for the main results but does greatly simplify the analysis. Additionally given the high degree of price
regulation and the dominance of large private and public insurers in this industry, this assumption seems
not unreasonable. See Frank and Salkever (1991) for further discussion on this topic.
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2.2 For-Profits In Disguise

The For-Profits In Disguise (FPID) hypothesis implies that nonprofit hospitals operate

as de-facto profit maximizing institutions. This model corresponds to a non-binding non-

distribution constraint (e.g., one that is not effectively enforced) or the capturing of rents by

privileged employees as salary or non-distortionary perquisites, i.e., non-cash benefits, such

as fancy offices or corporate box seats, that do not directly affect the cost of production.

In either case, FPIDs maximize net revenue R (i.e. V FPID = R).

A fixed cost shock will not affect equilibrium choices for profit-maximizing firms. Thus,

with the exception of firm shutdown, both the level and mix of services provided by a FPID

(or an explicit for-profit) should be unaffected by a fixed cost shock.

2.3 Output (Prestige) Maximization

In one of the earliest theories of nonprofit hospital behavior, Newhouse (1970) assumes

nonprofit hospitals maximize output (or alternately “Prestige”), which is defined as some

weighted average of the quantity (q and u) and quality (θ) of care. Output maximizing

hospitals offer more and higher quality health care up until the point that profits are driven

to zero.

When faced with a fixed cost shock, these hospitals have less slack to subsidize output

generating activities and have to decrease either quantity, quality, uncompensated care or

some combination of the three. Importantly, since we are placing no restrictions on the

specific functional form of V, a decrease in any one of these outputs may be accompanied

by an increase in the others. For example an output maximizing hospital might reduce the

quality of care while increasing the quantity of care or vice versa.

2.4 Perquisite Maximization

The perquisite maximization model follows from the observation that a binding non-distribution

constraint may lead a nonprofit hospital to disburse profits through non-pecuniary perquisites

or “dividends-in-kind).”13 A firm that values only non-distortionary perquisites, i.e., perquisites,

13For further discussion of nonprofit firms as perquisite maximizers, see for example Pauly (1987) and
Glaeser and Shleifer (2001).
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such as nice offices, that do not affect marginal production costs, is just a FPID and re-

sponds as such to a fixed cost shock. Thus, we consider here the case of the hospital

that also values distortionary perquisites, e.g., designer scrubs or multiple brands of an

equivalent heart valve or replacement joint, which raise the marginal cost of production.

Firms that value distortionary perquisites will respond to a fixed cost shock in a more

complex manner than a FPID. Because this model corresponds to a wide range of theories

of nonprofit behavior (and underlying motivations) – e.g., nonprofit hospitals run (1) in

pursuit of the “quiet life” or (2) by perfectionists who myopically provide the highest quality

care irrespective of cost – and because we do not want to impose additional functional

form assumptions, we remain agnostic as to the specific nature of hospital perquisites.

Irrespective of motives, when faced with a fixed cost shock, perquisite maximizers will

weakly decrease both distortionary and non-distortionary perquisites. That is, because the

firm has less slack, it must reduce the level of perquisite consumption. Since a decrease

in distortionary perquisites, such as leisure or equipment costs, will decrease the cost of

production, a fixed cost shock will lead to a (weak) increase in the production of q. This

result stems from the fact that conditional on the firm’s choice of distortionary perquisites,

θ, perquisite maximizers will simply produce the profit maximizing quantity, qπ|θ. They

will not leave any “free money” on the table (that they could use to subsidize consumption

of θ). Said differently, since the profit-maximizing quantity is negatively related to the

distortionary perquisite, θ, qπ will increase in response to the fixed cost shock.

2.5 Pure Altruism

Models of pure altruism correspond to hospitals maximizing some measure of social welfare

w. Social welfare is generally modeled as an increasing function of u, uncompensated care,

as well as the quantity q and quality θ of care provided. The literature generally conceives

of this occurring through altruistically motivated managers or agents.14 A key feature

of many such models is that θ, the quality (e.g., or some other aspect of care), is non-

contractable and costly for the firm to provide but also welfare enhancing (Glaeser and

Shleifer 2001). Profit-maximizing firms will provide the minimum possible level of (non-

14See for example Rose-Ackerman (1996), Frank and (1991) or Besley and Ghatak (2004).
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contractable) quality, since any increased cost is not offset by a countervailing increase in

payment. A purely altruistic hospital, on the other hand, would provide higher levels of

quality if it is more efficient from a social welfare standpoint.

In particular, the altruist will use “left over” profits to subsidize welfare-enhancing

activities (i.e., more q, θ and u). When faced with a fixed cost shock, altruists weakly

decrease output on all dimensions. In other words, the hospital will be forced to scale

back on money-losing (but welfare-improving) activities. This result is driven by the fact

that the quality of health care affects welfare, and thus an altruistic hospital’s utility only

through an increase in the welfare generated by a unit of care. This is in contrast to the

output maximization model discussed below in which hospitals value quantity and quality

in and of themselves.

2.6 Summary of Predictions

Table I summarizes the predicted responses to a negative fixed cost shock from each of the

four classes of models. For FPID, we expect no change in behavior. Output maximizers

decrease in one or more of the three measures of output: profitable care, non-contractible

factors that raise the cost of production (e.g., unreimbursed quality), or uncompensated

care. Given a decrease in any one, the sign of the other changes is ambiguous. Perquisite

maximizing hospitals will decrease perquisites and increase the provision of profitable ser-

vices. Finally, the altruistic nonprofit will (weakly) decrease in the quantity of profitable

care, the quality of care, and the amount spent on uncompensated (charity) care.

Because of the difficulty of measuring hospital quality, the key model differentiators

in the empirical analysis below are the amount of i) (profitable) services and ii) charity or

uncompensated care. To the extent either type of service changes in response to the seismic

retrofit mandate, we can rule out the FPID model. Thus any change in the quantity of

profitable services provided would be inconsistent with FPID, an increase in profitable

services would be inconsistent with both FPID and pure altruism, while a decrease would

be incompatible with perquisite maximization. Similarly, any change in the quantity of

uncompensated care would be inconsistent with both FPID and perquisite maximization,

and an increase in such care would be inconsistent with pure altruism.
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3 The Program: California’s Seismic Retrofit Mandate

To differentiate across theories of nonprofit hospital behavior, we exploit an unfunded Cali-

fornia mandate requiring hospitals to meet modern seismic safety standards. The mandate

was passed after the January 1994 Northridge Earthquake, a 6.7 magnitude earthquake

that hit 20 miles northwest of Los Angeles, caused billions of dollars in damages and left

several hospitals unusable.15 It amended the state’s original hospital code, The Alquist

Hospital Facilities Seismic Safety Act of 1973, which required only newly constructed hos-

pitals to follow stringent seismic safety guidelines.16 Not surprisingly, given the high cost of

building seismically sound buildings, hospital construction projects in California remained

rare throughout the 1980s (Meade and Kulick, 2007).17

The mandate, in contrast, established deadlines by which all general acute care (GAC)

hospitals had to meet certain seismic safety requirements or be removed from operation

(see Panel A of Appendix Table I). Its goal was to ensure that hospitals would remain

operational following a strong earthquake so as to maintain current patients and provide

care to earthquake victims. The deadlines were to offer hospitals a “phased” approach to

compliance (Meade and Kulick, 2007). No money was earmarked to aid in this process.

In addition, although the mandate, SB 1953, was passed quickly and signed into law in

September 1994, its requirements were not finalized until March 1998.18

By January 2001, all GAC hospitals in California were to submit a survey of the seis-

mic vulnerability of each of its buildings. Most hospitals (over 90%) complied (Alesch and

Petak, 2004), classifying the nonstructural elements (e.g. power generators, communication

systems, bulk medical gas, etc.) of each building according to five “Non-structural Perfor-

mance Categories” (NPC) and each building according to five “Structural Performance

Categories” (SPC). SPC ratings capture how a building should fare in a strong earthquake

(OSHPD, 2001). Appendix Table I, Panels B and C, describe the full set of NPC and SPC

15As described in California’s updated seismic safely legislation, 23 hospitals had to suspend some or all
services as a result of the Northridge Earthquake. See California Health and Safety Code - HSC 130000

16Hospitals built according to the specifications of the Alquist Act suffered comparatively little damage
in the Northridge Earthquake (Schultz et al. 2003).

17A state-sponsored engineering survey of all hospitals found that by 1990 over 83 percent of hospital
beds were in buildings that did not comply with the 1973 Alquist Act (Meade et al. 2002).

18See http://www.oshpd.state.ca.us/FDD/SB1953/index.htm.
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ratings, respectively. Across both classifications, the first categories, NPC-1 and SPC-1,

represent the worst and the last categories, NPC-5 and SPC-5, the best ratings.

Hospitals faced a January 1, 2002 deadline for bracing nonstructural elements, shifting

their NPC-1 buildings to the NPC-2 rating. About 70 percent of buildings were rated

NPC-1, meaning that major nonstructural elements essential for life-saving care were not

adequately braced to withstand a major earthquake (Meade et al. 2002). While we know

of no estimates of compliance, this requirement was viewed as relatively minor.19

The first major deadline facing California hospitals was January 2008 or January 2013,

if the hospital could demonstrate “diminished capacity.”20 By these dates, all hospitals

with SPC-1 buildings were to have retrofitted to remain standing following a strong earth-

quake or taken out of operation. About 40 percent of hospital buildings or 50 percent of

beds were SPC-1 (Meade and Kulick, 2007). Only 99 hospitals in California, 20 percent of

the 2001 total, had no SPC-1 buildings and were thereby in compliance with the 2008 re-

quirements (Meade et al., 2002). By 2030, all SPC-1 and SPC-2 buildings must be replaced

or upgraded in order to be usable following strong ground motion. While the legislature

thought that hospitals would retrofit SPC-1 buildings to SPC-2 status by 2008/2013, and

replace them completely by 2030, few hospitals have done this. Rather, to avoid the ex-

pense and disruption of a retrofit, most have chosen to rebuild SPC-1 buildings from the

outset, effectively moving the final deadline up from 2030 to 2008 or 2013, and causing an

unprecedented growth in hospital construction (Meade and Kulick, 2007).

Recognizing that most hospitals would not meet the 2008/2013 deadlines, extensions

were introduced.21 Given the long time horizon for hospital construction, however, most

California hospitals undertook major capital investment projects even with the exten-

sions. Between 2000 and 2009, the Office of Statewide Health Planning and Development

(OSHPD) reviewed plans for SB 1953-related construction totaling $12 billion, account-

19RAND estimated the total cost of compliance with this requirement at about $42 million. In contrast,
their initial estimate of the cost of reconstructing SPC-1 buildings was three orders of magnitude higher, at
$41.1 billion (Meade et al. 2002).

20Diminished capacity means that the hospital’s GAC capacity cannot be provided by others within a
reasonable proximity, justifying an extension of the deadline rather than removal from GAC operations.

21For an overview, see http://www.oshpd.ca.gov/SeismicSafetyHearing Final.pdf The most noteworthy,
authorized in 2007, involves a voluntary reclassification allowing hospitals with SPC-1 buildings to use a
“state-of-the-art” technology called HAZUS (Hazards U.S. Multi-Hazard) to re-evaluate their seismic risk.
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ing for 45 percent of reviews over the period and 70 percent in 2008 alone.22 Figure 1a,

which graphs the mean and median value of hospital construction in progress since 1996,

demonstrates a sharp rise in mean spending after 2001, the year hospitals submitted their

building surveys. The difference between the median and mean implies that a few hospi-

tals spent a lot on construction while the typical hospital spent much less. This result is

congruent with the idea that the increase is driven by hospitals disproportionately affected

by the seismic retrofit mandate. This idea is further supported by the fact that the rise

in construction spending was concentrated among hospitals with the highest (top quartile)

share of buildings rated SPC-1 (Figure 1b).

While there was an increase in construction cost in general and health care related con-

struction costs in particular, such increases we quite small in in comparison to the massive

increase in spending post 2000. As a point of comparison, Figure 2 shows trends in hospi-

tal construction spending in California against private healthcare construction spending in

the South Atlantic and private educational construction spending in the Pacific Division,

the lowest levels of aggregation available from the Census Bureau’s “Manufacturing, Min-

ing and Construction Statistics.” This figure suggest that the sharp increase in California

hospital construction spending was not driven by underlying industry or region trends.

4 Empirical Approach

4.1 Identification Strategy

To shed light on the underlying objectives of nonprofit hospitals, we want to use the fixed

cost shock generated by SB 1953 to assess whether and how nonprofit hospitals change their

service provision. Recall, however, that the financial shock from SB 1953 is a function of

both the seismic resiliency of a hospital’s existing buildings, as captured by its SPC ratings,

and the underlying seismic risk of its site. Since hospitals in worse financial condition likely

have poorer quality buildings (i.e, lower SPC ratings), SPC ratings and related spending

on building upgrades may be correlated with changes in hospital operations for reasons

unrelated to the mandate. For this reason, our analysis does not rely on SPC ratings.

In contrast, for several reasons, the underlying geological seismic risk of a hospital’s

22See page 39 of this OSHPD report: http://www.oshpd.ca.gov/SeismicSafetyHearing Final.pdf
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location is plausibly exogenous to changes in hospital operations. First, most hospitals in

California were built between 1940 and 1970, at an early stage in our understanding of

seismic risk and well before the development of modern seismic safety standards. Second,

because California’s prior seismic retrofit requirements applied only to new hospital build-

ings, new construction has been extremely slow relative to estimates of reasonable building

lifespan (Meade et al., 2002). Moreover, new additions are often so well integrated into ex-

isting structures that they need to be replaced along with the older buildings (Jones 2004).

Finally, location-specific seismic risk varies at small distances (see Appendix Figure 1), with

significant differences at the block level. As such, hospitals are unlikely to have historically

selected into “better” or worse sites along seismic risk dimensions, at least within a locality.

One concern with using the raw variation in seismic risk is that higher seismic risk is

largely a coastal phenomenon and coastal areas differ on many dimensions relative to inland

areas. Thus, we base our identification on the assumption that underlying seismic risk, as

measured by the peak ground acceleration factor (pga) (defined below), is quasi-randomly

matched to hospitals within a county. This assumption is consistent with discussions be-

tween the authors and seismologists, who lament the fact that seismic risk is factored into

building construction at a highly-aggregated level (e.g., by county). This assumption is

corroborated by empirical tests (shown below) of the distribution of observables.

4.2 Econometric Specifications

While in theory we would like to instrument for the financial shock using seismic risk, in

practice we do not have a measure of the expected cost of the mandate on each hospital.

Consequently, we take a reduced form approach and analyze the direct relationship between

seismic risk and changes in hospital operations. While this method allows us to test the

predictions of different models of not-for-profit behavior, it suffers from the drawback of

not generating the elasticity of hospital response to financial shocks. To ensure that our

results are independent of any effects of new facilities on hospital operations, we examine the

relationship between a hospital’s seismic risk andf its behavior before the new seismically

sound buildings are brought on-line.23

23Although few hospitals met initial deadlines, OSHPD reports indicate that hospitals took these require-
ments seriously. As of 2016, for example, less than 10 percent of hospital buildings in the state were still at
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The basic regression specification for analyses of hospital closures or spending on prop-

erty, plant and equipment (PPE) is:

Yh = pgah + βXh + γc + εh,c (4)

where Yh is the outcome of interest, such as PPE spending by hospital (h), pgah is a

hospital’s inherent seismic risk, as measured by its peak ground acceleration factor, Xh are

hospital characteristics, and γc is a county fixed effect. The set of hospital characteristics

Xhct includes: the log of bed size, ownership type, license age and its square, rural status,

multi-system or chain status and teaching (approved residency program) status. Ideally,

all hospital controls would be measured pre-mandate since the mandate could alter these

characteristics. While most characteristics are measured pre-mandate (1992), due to data

limitations, multi-hospital system and teaching status are measured as of the 1996 fiscal

year.24 Since the specifics of the legislation were not finalized until March 1998 and hospitals

did not know their full exposure to the legislation until 2001 when their buildings were rated,

the risk of endogeneity of the 1996 fiscal year (July 1995-June 1996) hospital characteristics

should be minimal. Age is measured as of the year the original hospital opened, regardless

of sale or conversion.

To help account for unobserved time-invariant hospital characteristics, we adopt a long-

differences framework, taking the difference in outcomes between 2006 and the earliest

available year of data (1992 or 2002 depending on the service category). Specifically we

estimate regressions of the following form:

∆Yhct,t−n = pgah + βXhct + γc + εhct (5)

where ∆Yhct,t−n is the change in an outcome, such as number of MRIs performed, in hospital

h, located in county c, between years t and t−n. All models include location (county) fixed

effects to control for fixed differences correlated with broad statewide seismic risk patterns.

risk of collapse during an earthquake, i.e., SPC-1 (Ostrov 2016). For the purposes of our study, the delay
in project completion is important. Few, if any, construction projects were completed by 2006, the last
year of our data. Thus, our analysis should capture the response of hospitals to a fixed cost shock not any
consequent change in the production function associated with new facilities.

24The 1992 data are from OSHPD’s Annual Utilization Reports; 1996 system and teaching status are
from the Annual Hospital Disclosure Reports. Both datasets are discussed in 5.4 below.
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Thus, the effect of SB 1953 is identified by cross sectional differences in seismic risk within

a county. The advantage of this approach is that we can account for systematic differences

in hospital quality or demand across areas due, for example, to differences in socioeconomic

characteristics. We augment the models in (4) and (5) with interactions between seismic

risk and ownership status (for-profit or public, with nonprofit the omitted category) in

order to to test for differences in the response of hospitals by ownership type.

4.3 The interaction of ownership and seismic risk

Although the specifications described above include ownership interactions, our primary

focus is on the relationship between seismic risk and service provision for nonprofit hos-

pitals. In this way, our analysis compares the behavior of nonprofit hospitals with high

relative to low compliance costs within the same geographic area. While using for-profit

(or government-owned) hospitals as an additional comparison group would be valuable, we

find some evidence of differential mandate compliance by ownership type, at least within our

study window. Specifically, whereas nonprofit hospitals begin rebuilding relatively early,

as measured by property, plant and equipment (PPE) spending, for-profit and government

hospitals may be delaying expenditures (shown below). Thus, we cannot say with confi-

dence that any differential response across ownership types in service provision is due to

the fixed cost shock. For example, the lack of response of for-profit service provision is con-

sistent with both the response of profit-maximizers to a fixed cost shock as well as taking

a wait-and-see approach to mandate repeal.

This ambiguity suggests that our natural experiment is best used to study the impact

of the fixed cost shock on nonprofit hospital behavior rather than hospital behavior across

ownership types. Given the much clearer evidence that nonprofits tried to comply with the

mandate and our specific interest in understanding the motives of nonprofit hospitals, our

primary focus is on the response of nonprofits with different costs of compliance. While

nonprofit hospitals encompass a broad group, from large academic medical centers to small

church-run community hospitals, we do not have power to separately analyze subgroups.

Thus, our empirical estimates capture the average response of nonprofit hospitals.
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5 Data

Seismic risk data are from the California Geological Survey (CGS). Specifically, we link

each hospital by exact location to the peak ground acceleration factor (pga), the maximum

expected ground acceleration that will occur with a 10 percent probability over the next 50

years normalized to Earth’s gravity.25 Pga is a standard measure of seismic risk calculated

using “consensus information on historical earthquakes, faults, and geologic materials.”26

It is a key parameter used in earthquake engineering as it captures maximum expected

shaking, a primary determinant of expected earthquake damage. Since hospitals must be

able to remain operational following an earthquake conditional on their underlying seismic

risk, hospitals with a higher pga ratings will face higher costs of compliance.

The average peak ground acceleration factor among California hospitals is just below

0.5g (50% of Earth’s gravity) (see Table II, column 1). To put this in perspective, the

hospitals that were seriously damaged after the 1994 Northridge earthquake, inspiring SB

1953, experienced a peak ground acceleration of between 0.5g-0.6g.27 Seismic risk varies

considerably across hospitals in California (see Figure 3a). Within our sample, pga varies

from a minimum of 0.05 and maximum of 1.15 g’s and follows a bell-shaped distribution.

Importantly, pga can vary substantially even within small areas. For example, within the

city of San Francisco (see Appendix Figure 1), the mean pga across the 11 GAC hospitals in

our study period sample is 0.705g but ranges from 0.55 to 0.85g. Because the vast majority

of cities have only one hospital, however, the analysis below leverages within-county, as

opposed to within-city, variation in seismic risk.28 Figure 3b, which plots the residuals

from a regression of hospital seismic risk on county fixed effects, shows the within-county

variation in seismic risk we exploit. About 23% of the variation in seismic risk is within-

county.

Data on hospital ownership structure and most service outcomes are from OSHPD’s

25For more details on pga, see http://www.consrv.ca.gov/cgs/rghm/psha/ofr9608/Pages/index.aspx
26see http://www.consrv.ca.gov/cgs/rghm/psha/Pages/pga.aspx
27One g is 32.1ft/s2. Over 10 seconds, 0.5g would cause a displacement of 0.5 * 32ft/s2 * (10s)2.
28Hospital service areas (HSAs) and Hospital referral regions (HRRs) are not well-suited to our analysis

either. HSAs correspond largely to cities in our data while HRRs agglomerate counties and thus correspond
to only 28 regions. The results are, however, robust to exploiting within MSA and within 3-digit zip code
variation in pga (regressions not shown).
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Annual Utilization Reports (AUR). Specifically, the AUR provide data from 1992 to 2006

on hospital beds, days and discharges overall and by type. From the AUR, we consider

several types of profitable services: neonatal intensive care, cardiac care, and surgical care.

A virtue of the AUR data are that they allow us to get pre-mandate baseline measures as well

as run placebo regressions. Hospital financial information, in particular, data on property,

plant and equipment spending, from 1996 through 2006 are from OSHPD’s Hospital Annual

Financial Database (HAFD). Financial data are normalized to 2006 dollars. From the

AHDR we also get another measure of profitable care, MRIs performed, as well as measures

of indigent care days. Unfortunately, these service measures are available for a shorter

period. In particular, since the HAFD service data are not comparable prior to 2001, we

analyze changes between 2002 and 2006.29

We identify hospital closures from the AUR and California Hospital Association records

and cross-check them against reports from the Office of the US Inspector General.

5.1 Descriptive Statistics on Hospital Characteristics and Outcomes

Table II presents descriptive statistics for all GAC hospitals that filed a required Annual

Hospital Disclosure Report (AHDR), the source data for the HAFD, between 1996 and

2006.30 Panel A shows baseline hospital characteristics for the earliest year available –

1992 or 1996, depending on the source. Panel B shows some of the outcomes we study.

Across both panels, we show descriptive statistics for the full sample and separately for

hospitals that are at or above versus below below median seismic risk across the state.

About 19 percent of the hospitals in our sample are government-owned and 28 percent

are investor-owned or for-profit institutions. The average hospital has 204 licensed beds

and was 44 years old. About 43 percent of hospitals in the sample are part of a large

system or chain. About 26 percent of the sample are teaching hospitals and 9 percent

are in rural areas. While both chain status and age are similar across low and high pga

areas, many other baseline characteristics vary sharply across above and below median pga

29Based on discussions with OSHPD, we were advised to not use 2001, the first year of available service
data. That said, results are quite similar if we use 2001 as the base year. In some cases our estimates are
more and in others less precisely estimated.

30Hospitals that do not file the reports on time are fined $100 per day they are late. For details on
non-filing penalties, see http://www.oshpd.cahwnet.gov/HID/hospital/finance/manuals/ch7000.pdf
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areas. For example, investor-owned hospitals are more common (34 versus 17 percent)

and government-owned less common (16 versus 25 percent) in above median pga areas.

Hospitals in areas with above median pga are also larger, with an average of 233 beds

compared to 151 in the below median pga areas. These differences are largely due to a

rural effect: low pga areas are systematically more rural. Whereas fewer than 1 percent of

hospitals in high pga areas areas are rural, 25 percent in low pga areas are rural.

During the study period, about 14 percent (N = 62) of hospitals closed. The likelihood

of closure was a bit higher in high versus low pga hospitals. Those hospitals remaining

in the market in 2006 are licensed to have on average 198 beds. As expected given the

rural divide, those in high pga areas are systematically larger, with 224 as compared to 151

licensed beds, and have more hospital days and discharges, both overall and by type. With

the exception of coronary artery bypass grafting (CABG) surgeries, all other listed services

are higher in low versus high seismic risk areas.

Importantly, our analysis does not rely on an across-state, high versus low pga com-

parison. Rather, our analysis relies on within-county comparisons in seismic risk, which

eliminates much of the urban-rural differences. As we show below (in Table III), once we

control for county, with the exception of the age of for-profit hospitals, hospital characteris-

tics do not differ systematically with seismic risk. In addition, in all regressions we control

for the baseline characteristics listed in Table II, Panel A.

Panel B shows means for many of the outcomes we study. Total spending on prop-

erty, plant and equipment (PPE) for 2006 was $114 million, with almost half dedicated to

building improvements, a category that includes architectural, consulting, and legal fees

related to the acquisition or construction of buildings as well as interest paid for construc-

tion financing (not shown).31 The level of PPE spending (overall and by type) is higher in

high pga areas, with an average of $128 million versus $91 million in PPE spending in high

versus low seismic risk areas.

31Fixed equipment such as boilers and generators are also included. Spending on construction in progress
accounts for only about 6 percent of PPE spending, which may reflect the long time horizon for con-
structing a new facility - 4 to 5 years for the in-house planning alone (Meade and Kulick, 2007). See
http://www.oshpd.ca.gov/HID/Products/Hospitals/AnnFinanData/Manuals/ch2000.pdf for details on ac-
counting categories.
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5.2 Exogeneity Checks

Unlike the high versus low seismic risk comparison discussed above, our identification strat-

egy assumes that underlying seismic risk is as-if randomly assigned to geographically prox-

imate hospitals (e.g., within a county.)32 We present empirical evidence to corroborate this

assumption. Specifically, we test whether observable hospital characteristics and hospital

neighborhood characteristics (where neighborhood is defined as all zip codes within a 5-mile

radius of the hospital) are correlated with seismic risk.33

To test exogeneity, we run regressions, based on our main specifications discussed above,

with either hospital characteristics or the level or change in a hospital’s neighborhood

characteristics as the dependent variable.34 The results of these regressions are reported

in Table III. Panel A shows estimates based on a hospital’s 1990 Census neighborhood

characteristics. Within a county, we find no meaningful relationship between pga and

the total population in the hospital’s neighborhood, the share of the population below the

federal poverty line, the share Hispanic, the share 5 to 17 years old, or the median household

income in the neighborhood. Not only are all the estimates statistically indistinguishable

from zero but they are small in magnitude, considering that pga varies between about

0 and 1 and has a standard deviation of approximately 0.2g. For example a 1 standard

deviation change in seismic risk - going from about the 10th percentile to the median of the

seismic risk distribution - is associated with an insignificant 8.5 percent higher population,

a 0.5 percentage point higher share of the population below the federal poverty line and

0.7 percentage point higher share of the population hispanic. Effects are imprecise and

small for the share of the population 5 to 17 years old and median income. Across all these

outcomes, we cannot reject that the effects differ by ownership type. Likewise, we find no

32Only 14 of California’s 58 counties had only one hospital during the study period. These counties -
Calaveras, Colusa, Del Norte, Glenn, Lassen, Mariposa, Mono, San Benito, Sierra, Sutter, Tehama, Trinity,
Yolo and Yuba counties, have very small populations. In total 9 low-population counties (Glenn, Imperial,
Inyo, Mariposa, Modoc, Plumas, San Benito, Sierra and Trinity) have no nonprofit hospitals while 14
(Calaveras, Colusa, Del Norte, El Dorado, Lassen, Mono, Napa, Placer, Siskiyou, Solano, Sutter, Tehama,
Yolo, and Yuba) have only nonprofit hospitals as of 1992. Restricting to counties with a mix of ownership
types yields virtually identical results to those presented below, as would be expected given the county fixed
effects specification.

33We have also defined neighborhood as the hospital’s zip code of operation. Results using this definition
are quite similar.

34Except where we consider neighborhood changes from 1989 to 1999, we omit 1996 teaching and system
status as controls because they occur after the characteristics studied here.

20



significant relationship with seismic risk and the growth in neighborhood characteristics

between the 1990 and 2000 Censuses (in Panel B).35 We also fail to find within-county

relationships between seismic risk and the 1990 levels or 1990 to 2000 change in a range of

other observable characteristics - e.g. the share of the population female, the share African-

American, the share native-born and the share ages 65 and older (not shown). These results

are again all statistically insignificant with mostly small point estimates.

Panels C and D of Table III provide results for hospital characteristics as of 1992. With

two exceptions, we find no relationship between hospital characteristics and seismic risk,

either in aggregate or by ownership type. Specifically, we find that a 1 standard deviation

increase in seismic risk (approximately 0.2g) is associated with less than 2 years difference

in age off a base of about 44 years. When interactions by ownership are introduced, all

coefficients are both statistically indistinguishable from zero and from each other, but the

point estimates suggest that the relationship between seismic risk and age is concentrated

in for-profit hospitals. In our analysis we include non-linear controls for hospital age. In

addition, we find suggestive evidence that higher seismic risk not-for-profit hospitals are

more likely than lower seismic risk not-for-profit hospitals to have a NICU: a one-standard

deviation increase in seismic risk among is associated with an almost 10 percentage point

higher likelihood of a NICU, although this result is only significant at the 10 percent level.

Even if seismic risk is uncorrelated with pre-mandate hospital characteristics, neighbor-

hood characteristics, and changes (i.e., trends) in neighborhood characteristics, it could still

be correlated with different rates of change (i.e., differential trends) in service provision or

other unobserved factors. To test for the possibility of differential trends, we run placebo

regressions of pre-mandate closures (Table A2), and whenever data allow, service provision

on seismic risk (Tables A4 and A5). As discussed more below, in all cases we find seismic

risk to be uncorrelated with pre-mandate trends.

35Results are similarly small and imprecise when we compare hospitals with seismic risk that is at or
above the median for its county to those with below median risk for the county (not shown)
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6 Results

6.1 Closures and Spending

In this section we examine the direct impact of SB 1953 on hospital finances by exploring the

relationship between seismic risk and hospital closures and construction related spending.

6.1.1 Hospital Shutdowns

To the extent that SB 1953 causes a large fixed cost shock and increases the cost of capital

as hospitals compete for scarce financing resources, it may have the unintended consequence

of increasing closures.36 For example, if higher seismic risk hospitals have more difficulty

borrowing money after the mandate, they will be less able to finance their day-to-day

activities,and more likely to shut down. While the different models of nonprofit hospital

behavior do not generate differential closure predictions, this outcome can provide evidence

on the “bite” of the mandate.

Table IV presents the probability of hospital shutdown after 1996, specified linearly or

using a Probit model. Both models indicate that seismic risk increases the probability of

closure: a one standard deviation increase in the ground acceleration factor increases the

likelihood of closure by 6 to 7 percentage points. We cannot reject that the impact of seismic

risk is the same across ownership types. As a placebo test, we examine the relationship

between between seismic risk and pre-1997 hospital closures (see Appendix Table II). In

sharp contrast to the post mandate closure results, the correlation between seismic risk and

closure is indistinguishable from zero in the pre-mandate period.

Together these results show that closures are due to the interaction of the mandate

and hospitals’ underlying seismic risk and are not simply a continuation of pre-existing

trends (see Buchmueller et al., 2006, which describes the earlier period of mostly for-profit

closures.). SB 1953 put greater financial pressure on all hospitals with high seismic risk.

These results serve as further evidence of both the exogeneity of seismic risk as a proxy for

the fixed cost shock and the significant bite of the mandate, addressing the concern that

36Closures of hospitals due to their financial inability to comply with the mandate has been the main
argument used by the California Hospital Association, the main trade group for hospitals in California, in
their opposition to the legislation.
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hospitals ignored the legislation in the hopes of being ‘bailed” out.37

6.1.2 Impact of Closures on Competition

Even though the underlying seismic risk of hospital location is uncorrelated with hospital

and neighborhood characteristics and pre-mandate trends, our identification strategy may

fail if seismic risk is spatially clustered within counties. With such clustering, a hospital

with high seismic risk may have more nearby hospitals shut down than those with low

seismic risk, implying that the competitive environment changed differentially based on

seismic risk in response to the mandate. If this is the case, we would be unable to separate

out the impact of the fixed cost shock from the contemporaneous, correlated change in

the competitive environment. In other words, any subsequent changes in service provision

could reflect market changes as well as the response to a fixed cost shock.

To test for spatial clustering, we estimate equation 4 using a dummy for whether a

hospital’s neighbors in its 3-digit zipcode closed after 1996 as the dependent variable. The

results of this analysis (in Appendix Table III) show that a hospital’s seismic risk is un-

correlated with the probability that any of its 3-digit zipcode neighbors closed. Likewise,

we find that a hospital’s seismic risk is also uncorrelated with the closure of the hospital’s

nearest neighbor (not shown). Thus, although higher seismic risk hospitals are more likely

to close after the mandate, a hospital’s own seismic risk is unrelated to the closure decision

of its neighbors. As such, differential changes in the competitive environment by seismic

risk are unlikely to explain the observed changes in service provision presented below.

6.1.3 Seismic Risk and Spending

In Table V we assess the extent to which seismic risk predicts differences in aggregate

building-related expenditures. Because hospitals have some flexibility in how and when

they account for different expenditures, we consider any spending on property, plant and

equipment (PPE) for all years between 1996 and 2006. The first four columns show results

for hospitals reporting between 1996 and 2006. Results in cols (1) and (2) are based on total

spending levels; cols (3) and (4) are based on the inverse hyperbolic sine of total spending,

37These results are not driven by Los Angeles County, where several hospitals were damaged by the
Northridge Earthquake. Estimates that exclude hospitals in Los Angeles County are virtually identical.
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IHS(Y ) = ln(Y + (Y 2 + 1)1/2).38

As shown in cols (1), a hospital’s ground acceleration factor is positively related to

total PPE spending over the sample period: one-standard deviation higher seismic risk

corresponds to about $174 million higher PPE spending between 1996 and 2006. The

corresponding estimate based on the IHS of spending (col 3) is positive but insignificant.

These effects differ by ownership type (cols (2) and (4)). The main effect, which isolates the

impact of seismic risk on spending by nonprofit hospitals, is highly statistically significant

and implies that a one standard deviation increase in pga is associated with higher PPE

spending of about $300 million between 1996 and 2006. This estimate is also significant

for the IHS of spending (col 4) and implies that a nonprofit hospitals with one-standard

deviation higher seismic risk spends 29 percent more on PPE. In contrast, we again cannot

reject zero effect of seismic risk on PPE spending by for-profit and public hospitals.

In columns (5)-(8), we test the sensitivity of these estimates to the inclusion of hospitals

that close or do not report because of mergers or other unobserved reasons.39 Specifically,

we set to zero missing PPE spending values between 1996 and 2006 and include an indicator

to control for this substitution. Results from this sample are broadly similar. Nonprofit

hospitals with higher seismic risk spent hundreds of millions of dollars more on PPE over

the 1996-2006 period than their lower seismic risk nonprofit peers in the same county.

Given that seismic risk increases closures irrespective of ownership type, it seems un-

likely that the cost shock binds only for nonprofit hospitals. However, these findings suggest

that nonprofit hospitals may be farther along in their retrofitting timelines than either pub-

lic or for-profit hospitals.40 In addition the quality of hospital-level financial data may be

low overall and particularly so for public hospitals, whose finances are typically governed

by other jurisdictions, such as the county or hospital district.41 These facts do suggest cau-

tion in interpreting the results of the main analysis in a triple-differences type framework;

38This transformation is preferable to the more usual log measure here because it is defined for zero
spending, can handle negative numbers, and like the natural log yields a parameter estimate that can be
interpreted as an elasticity (Pence 2006). Results are similar when we use ln(1+spending).

39After a merger, hospitals can retain separate reporting systems or choose to report as one institution.
40As evidence, we find that nonprofit hospitals request extensions on average a half year earlier than

for-profit hospitals and almost a a full year earlier than public hospitals. However, seismic risk does not
predict extension requests or approval, which is not too surprising given that over 80 percent of hospitals
requested an extension and 98 percent received them.

41We thank the late Will Manning and Randy Ellis for bringing these points to our attention.
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for-profit or public hospitals may not serve as appropriate controls for non-profit hospitals.

Thus, our primary empirical interest, consistent with the theoretical framework, is to un-

derstand the response of nonprofit hospitals with high versus low seismic risk. To increase

the precision of our county fixed effects estimates, however, we include for-profit and public

hospitals in our analyses, along with interactions between seismic risk and ownership type.

6.2 Service Provision

To test our models of hospital behavior, we next consider the impact of seismic risk on ser-

vice provision. Because the mandate does not alter the cost of providing hospital services,

seismic risk and the requirements of the mandate should only affect service provision if

hospitals are not already profit-maximizing. Hospitals that are not profit-maximizing will

have to re-optimize and cut back on previously subsidized activities. Prestige-maximizers

will have to cut back on at least one dimension of output – quality, quantity or uncompen-

sated care. Altruistic firms will be forced to (weakly) cut back on all of these dimensions.

Perquisite-maximizers will have to reduce their consumption of perquisites and, to the

extent those perquisites are distortionary, increase the provision of profitable services.

We first consider the impact of seismic risk on overall service provision. In Table VI we

consider changes in aggregate service measures. Specifically we look at changes in licensed

beds, days of service, discharges, the share of beds staffed, days of care per bed (days per

licensed bed) and average length of stay (days per discharge). While the coefficient on

seismic risk is positive for beds, days of service and discharges, it is significant only for

beds. The share of beds staffed is positive while days per bed and days per discharge are

negative. In all cases, the estimates are indistinguishable from zero. This suggests that any

changes we estimate in service provision will likely capture a reallocation of services rather

than an overall net change in services provided.

6.2.1 Uncompensated Care

Next we study changes in the volume of indigent care. We consider care that is both

unreimbursed, indigent care as well as care reimbursed by county indigent programs. In

Table VII we look at changes in total inpatient days, general acute care (GAC) inpatient
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days, ER visits, and clinic visits (expressed per 100 days or visits).42

In general, we find a weak positive correlation between seismic risk and indigent care for

nonprofit hospitals. The only estimate that is even borderline significant is GAC inpatient

days, where one-standard deviation higher seismic risk leads to an increase of about 152

GAC inpatient days. When we separately consider county versus truly reimbursed inpatient

days, there appears to be a switching and net increase from county-reimbursed to truly

unreimbursed inpatient days. Given the standard errors, these results, at best, imply that

nonprofit hospital behavior is inconsistent with the altruistic model. If they were pure

altruists, they should be unable to provide any more indigent care than they were already

providing prior to the fixed cost shock.

6.2.2 Profitable Care

We next consider the provision of profitable services. Whereas welfare-maximizing firms,

which over-provide quantity and quality, are predicted to cut back on profitable services,

prestige or perquisite-maximizing firms may increase their provision of profitable services.

We draw on Horwitz (2005) to classify services as profitable or generously reimbursed. Of

the services classified by Horwitz (2005) as profitable, OSHPD collects the data on neonatal

care, MRI, surgery, and cardiac services.

We first look at changes in neonatal care between 1992 and 2006. Columns (1) thru

(3) of Table VIII assess changes in NICU beds, days and discharges. In all three cases the

main coefficient is positive, but significant only for days. That is, nonprofit hospitals seem

not to expand the size of their NICUs but to use them more intensively. A one-standard

deviation increase in seismic risk corresponds to about 440 more NICU patient days at

nonprofit hospitals. Estimates for for-profit and public hospitals are small in magnitude

and indistinguishable from zero. The fact that NICU days increase but discharges do not

imply that nonprofit hospitals may be responding to the shock by increasing length of stay.

In contrast to the post-mandate results, pre-mandate changes in NICU measures are not

correlated with seismic risk, with coefficients that are both imprecise and of varying sign

(see Appendix Table VI). Columns (4)-(6) in Table VIII assess changes in obstetrics care

42Total inpatient days is the sum of GAC, psychiatric, chemical dependency, rehabilitation, long-term
care, and ”other” care days. Because we are focused on GAC hospitals, most of the care is GAC.
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between 2002 and 2006 since these data are from the HAFD. Although obstetrics itself is

not considered relatively profitable, it may be a necessary means through which to increase

relatively profitable NICU care. That is indeed what we find. A one standard deviation

increase in seismic risk among nonprofit hospital corresponds to higher obstetrics days and

discharges of about 288 and 122, respectively.

In Table IX, we consider an unrelated type of profitable service - the use of Magnetic

Resonance Imaging (MRI). Because these data are from the financial reports, we measure

the change between 2002 and 2006. The data identify MRI procedures provided and break

the total into inpatient and outpatient procedures. The latter type of care is likely most

profitable as it is reimbursed directly not as part of an bundled admission payment. As

with neonatal care, MRI use increases for nonprofit hospitals facing higher seismic risk. The

increase comes most clearly through outpatient MRIs. A one standard deviation increase in

seismic risk is associated with about 2,100 more outpatient MRIs. In contrast, we find no

significant effects of seismic risk on MRIs performed at either for-profit or public hospitals.

Next we examine the impact of seismic risk on surgical procedures. Table X presents

estimates of the impact of seismic risk on changes in total surgeries. The coefficient of

interest is positive for total surgeries, inpatient surgeries, and outpatient surgeries, but

significant at conventional levels only for inpatient surgeries. Hospitals with one standard

deviation higher seismic risk, increase inpatient surgeries by about 340 between 1992 and

2006. Analysis of the pre-mandate period shows no significant relationship between seis-

mic risk and total surgical procedures and a much smaller and only marginally significant

positive relationship to inpatient surgeries. (see Appendix Table VII).

While surgery is generally considered profitable, it consists of both profitable and un-

profitable services. To isolate the impact of seismic risk on profitable surgeries, we examine

its effect on total coronary artery bypass graft (CABG), therapeutic catheterizations and

total percutaneous transluminal coronary angioplasty (PTCA), procedures that Horwitz

(2005) singles out as “widely known to be hospital profit centers.” For catheterizations, we

consider therapeutic catheterizations as well as therapeutic net of diagnostic catheteriza-

tions. This tells us about the conversion of patients from diagnostic to treated cases, which

is the more profitable procedure. Likewise, in the case of PTCA, we separately consider the
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change in PTCA with stents, which have been described as an implant “used to make up

for lost revenue” (Libov 2013), net of any change in PTCA without stents. The latter tells

us about the differential change in stented PTCA and, given a limited pool of candidate

patients, should be most sensitive to a fixed cost shock. As the CABG and stent data are

from the financial reports, these changes are from 2002 and 2006; our other measures are

from 1992 and 2006. The results in Table XI show a positive relationship between seismic

risk and increases in cardiac surgical procedures, although they are imprecise in the case

of CABG and overall therapeutic catheterizations. Net of diagnostic catheterizations, we

find that therapeutic catheterizations increase among nonprofit hospitals by about 65 for

a one standard deviation increase in seismic risk. Likewise, among nonprofit hospitals,

a one standard deviation increase in seismic risk corresponds to an increase of about 32

PTCAs and 37 PTCA with stents relative to without stents. Corresponding results in the

pre-mandate period (reported in Appendix Table VII) are small and imprecise.

Tables VIII-XI show that, relative to low seismic risk nonprofit hospitals in the same

county, high seismic risk nonprofit hospitals increased the volume of profitable services

after SB 1953 took effect. Importantly for the credibility of these results, these services

have relatively little in common beyond their profitability as described in Horwitz (2005).

That they all increase is inconsistent with purely altruistic models of nonprofit behavior

but is consistent with either output or prestige-maximizing models.

6.3 For-Profit and Government-Owned Hospitals

While the aim of this paper is to understand the motives of private nonprofit hospitals, it is

natural given the data to examine the response of for-profit and government hospitals to the

fixed cost shock generated by SB 1953 and their response relative to nonprofit hospitals. We

review the results in this manner here but urge caution given the uncertainty surrounding

the timing of for-profit and public hospital compliance with the mandate.

In the 22 hospital service regressions, the effect of seismic risk for for-profit hospitals

(g + g ∗ For Profit) is statistically significant only for surgery – total, inpatient and out-

patient. While we find little evidence of changes in service provision by for-profit hospitals

in response to seismic risk, the noisiness of the for-profit hospital estimates means we can-
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not rule out economically significant responses. Nonetheless, the overall pattern of service

regressions suggests that for-profit hospital response was, at the very least, substantially

smaller than that of private non-profit hospitals.

In the case of government-owned hospitals, the effect of seismic risk (g + g ∗ Public) is

statistically significant in 1 of 22 cases. Specifically, high seismic risk public hospitals also

increase beds. This response is not significantly different from that of private nonprofits.

7 Discussion

How does our work compare to the large literature on nonprofit hospitals? The results of

prior empirical analyses are actually quite mixed.43 One classic, early example, Sloan and

Vraciu (1983), compares costs, patient mix, and quality across non-teaching for-profit and

nonprofit hospitals in Florida. The authors find no differences in after-tax profit margins,

the share of Medicare and Medicaid patient days, the value of charity care, and bad debt

adjustments to revenue. They find some small differences in service mix but none vary

systematically across “profitable versus nonprofitable services.” They conclude that all

hospitals, regardless of ownership type, are forced to balance social objectives and financial

considerations in a similar manner.

Like Sloan and Vraciu (1983), many find little or no difference in costs, profitability,

pricing patterns, the provision of uncompensated care, the quality of care or the diffusion

of technology across ownership type, and conclude that nonprofit hospitals are no different

than their for-profit counterparts (e.g., see Becker and Sloan, 1985; Gaumer, 1986; Shortell

and Hughes, 1988; Keeler et al., 1992; Norton and Staiger, 1994; McClellan and Staiger,

2000; Sloan et al., 2001; Schlesinger and Gray, 2003).

Other studies find systematic differences: nonprofits provide more unprofitable services

(Schlesinger et al., 1997; Horwitz, 2005), more charity and subsidized care (Schlesinger

et al., 1987; Frank et al., 1990; Mann et al., 1995; Clement et al., 2002; Horwitz, 2005),

different types of treatment to unprofitable patients (Bayindir 2012) or higher quality care

(Shen, 2002). They also employ fewer performance bonuses in executive compensation

(Erus and Weisbrod, 2003), have lower marginal costs but higher markups (Gaynor and

43Sloan (2000) provides an extensive review of the literature.
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Vogt, 2003) and engage in less upcoding (Silverman and Skinner, 2003; Dafny, 2005).

Duggan (2000), which studies a change in the financial incentives to treat indigent

patients in California, finds that the important behavioral distinction is between public

and private hospitals regardless of nonprofit status. To the extent that hospitals share

the same costs, quality, and service mix (including uncompensated care), the implication

is that either (1) nonprofits are profit-maximizers or (2) competition is so intense that

nonprofits must subvert their altruistic objectives to survive (Sloan and Vraciu, 1983).

In so far as nonprofits behave more like their for-profit peers when competition increases

(e.g., Gruber, 1994; Cutler and Horwitz, 2000; Duggan, 2002; Horwitz and Nichols, 2009;

Kessler and McClellan, 2002), the FPID hypothesis cannot be broadly applicable to the

hospital industry. Significantly, while these findings of differential behavior are inconsistent

with FPID, they are generally consistent with all three other theories of nonprofit hospital

behavior. Consistent with this literature, our work indicates that in California during the

time period we study, non-profit hospitals are not for-profits in disguise. Furthermore, our

results on the change (or lack thereof) in service provision are inconsistent with the idea

that hospitals pursue purely altruistic goals and thus must subvert funds away from this

mission when their budget constraint tightens.

8 Conclusions

As part of the health reform law, tax-exempt nonprofit hospitals face several new require-

ments. Hospitals must conduct health needs assessments and detail their community benefit

activities. They have to develop and publicize financial assistance policies, limit patient

charges for some types of care and base collections on ability to pay. These changes high-

light the continued confusion among both policymakers and scholars over the motives and

net benefits of nonprofit hospitals.

While theories of nonprofit hospital behavior abound, they typically lay out general

motivations without specifying any formal structure. In addition, a hospital’s ownership

structure is likely correlated with unobserved differences in entry and continued operations.

As a result, empirically distinguishing across these theories has proven challenging. In this

paper, we overcome this difficulty by examining hospital response to a large exogenous
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fixed cost shock. The use of a fixed cost shock allows us to embed four leading theories

of nonprofit hospital behavior in a very general framework without the need for strong

functional form assumptions.

We test the predictions generated by these theories using an unfunded mandate requiring

all GAC hospitals in California to retrofit or rebuild in order to comply with modern

seismic safety standards. We show that while the costs of the mandate vary with the

underlying locational seismic risk, hospital and area characteristics do not systematically

vary with seismic risk. In addition, given the long time horizons associated with hospital

construction, in the time period we examine the impact of the mandate is purely financial

with no concurrent change in hospital facilities during the study period.

We show that hospitals with higher seismic risk are more likely to shut down, irrespective

of ownership type. Nonprofits with high seismic risk increase spending on property, plant

and equipment relative to their low seismic risk nonprofit peers. While for-profit hospitals

and public hospitals do not markedly change their service mix in response to the mandate,

private nonprofits increase their provision of profitable services (i.e., neonatal intensive care

days, MRIs, and PTCA).

For nonprofits, where the evidence of mandate compliance is strong, the results are

consistent with only the output or perquisite maximization hypotheses. These results al-

low us to reject two of the leading theories of nonprofit hospital behavior - “for-profits in

disguise” and “pure altruism.” The welfare implications of these results are, however, the-

oretically ambiguous. More work is needed to determine whether the loss in welfare caused

by reduced quantity provided by nonprofit hospitals offsets the potential welfare gains from

increased quality (including possible technological and educational spillovers). Our results

also highlight the importance of moving the policy debate away from the simpler and more

extreme cases of nonprofit hospitals as ‘for-profits in disguise” or “pure altruists.”
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Table I
Summary of Predictions a

Profitable Uncompensated Distortionary
Care (q) Care (u) Perquisites (θ)

FPID 0 0 0
Output* +/- +/- +/-
Perquisite + 0 -
Altruist - - -

aNotes:

1. This table describes the response to a fixed cost shock predicted by each of these
models.

2. 0 indicates no change, - indicates a (weakly) decreasing, and + indicates a (weakly)
increasing in this type of service.

3. *In the Output maximization case, one or more of the indicated elements must
strictly decrease.



Table II
Descriptive Statistics a

Panel A Baseline Hospital Characteristics
Full Sample At or above median pga Below median pga

seismic risk, pga 0.476 0.597 0.252
(0.209) (0.147) (0.085)

government-owned 0.189 0.156 0.252
investor-owned 0.282 0.342 0.170
belongs to a system 0.426 0.409 0.433
rural 0.088 0.007 0.238
teaching hospital 0.257 0.295 0.189
licensed beds 204 233 151

(189) (210) (127)
license age 44.1 45.0 42.7

(14.3) (14.0) (12.6)

Panel B Hospital Outcomes
Full Sample At or above median pga Below median pga

PPE spending 114 128 91.1
(153) (166) (123)

closed 0.136 0.149 0.113
Licensed beds 198 224 151

(171) (185) (128)
Share beds staffed 0.854 0.817 0.874
GAC days 36993 40759 37227

(36120) (37817) (34238)
Indigent Care days 1382 1434 1288

(3425) (3804) ( 2623)
NICU days 1977 2182 1599

(3981) (3932) (4058)
Outpatient MRIs 1213 1231 1181

(2808) (2646) (3088)
CABG Surguries 48.0 47.9 48.1

(115) (112) (121)

Observations 455 295 160

aNotes:
1. Observations are for all hospitals reporting to OSHPD during our sample. Sample sizes for any given item or

year may vary. Standard deviations are given in parenthesis.

2. pga measures the maximum ground acceleration that is expected to occur with a 10 percent probability in the
next 50 years.

3. Ownership status, beds and license age are as of 1992; system and teaching status are as of 1996. License
age is (1992 - year of the hospital’s OSHPD license). A teaching hospital is one with an approved residency
program.

4. Licensed beds are the maximum number of beds for which a hospital holds a license to operate; available beds
are the number they physically have and staffed beds are the the number for which staff is on hand. See
http://www.ahrq.gov/research/havbed/definitions.htm

5. In Panel B, all outcomes are for 2006 except for closure, which covers 1997 to 2006. Dollar values are in 2006
terms and are given in millions.



Table III
Seismic Risk and Hospital Observables a

Panel A Neighborhood Characteristics: 1989

Log Pop Share Below Share Share 5-17 Log(Median
FPL Hispanic Yr Olds Income)

pga 0.426 -0.025 0.033 -0.001 0.101
(0.575) (0.034) (0.076) (0.014) (0.170)

R-squared 0.748 0.335 0.425 0.471 0.481

pga 0.555 -0.022 0.043 -0.003 0.106
(0.414) (0.031) (0.075) (0.015) (0.166)

pga * Public -0.095 -0.047 -0.067 -0.001 0.041
(0.741) (0.040) (0.081) (0.015) (0.169)

pga * For-Profit -0.513 0.036 0.037 0.011 -0.069
(0.945) (0.039) (0.114) (0.019) (0.107)

R-squared 0.747 0.339 0.423 0.468 0.475

Mean of Dep. Var. 294,770 0.130 0.249 0.179 34,892
Observations 384 384 384 384 376

Panel B Growth in Neighborhood Characteristics: 1989-1999

Pop Share Below Share Share 5-17 Median
FPL Hispanic Yr Olds Income

pga 0.010 0.274 0.078 0.029 -0.030
(0.082) (0.177) (0.111) (0.066) (0.065)

R-squared 0.292 0.417 0.369 0.333 0.571

pga 0.026 0.243 0.070 0.008 -0.013
(0.090) (0.172) (0.115) (0.074) (0.079)

pga * Public -0.075 0.170 0.093 0.065 -0.055
(0.107) (0.122) (0.133) (0.060) (0.084)

pga * For-Profit -0.002 -0.024 -0.034 0.033 -0.025
(0.089) (0.114) (0.134) (0.044) (0.092)

R-squared 0.290 0.417 0.367 0.333 0.569

Mean of Dep. Var. 0.104 0.187 0.351 0.094 0.315
Observations 385 384 384 384 384

aNotes:
1. Dependent variables in Panel A and B are based on zip codes within 5-miles of a hospital. Panel A data

are from the 1990 census. Panel B data are based on changes between the 1990 and 2000 census values.
Dependent variable means for log linear regressions are provided in levels.

2. Within each panel we show results from two sets of regressions. The first specifies seismic risk linearly;
the second includes interactions by hospital ownership status.

3. Panel A and B models include county fixed effects and a dummy for rural status, license age and its
square, the number of licensed beds in 1992 and dummies for 1992 ownership status. Standard errors
are clustered at the county level.



Table III
Seismic Risk and Hospital Observables (Cont.) a

Panel C Hospital Characteristics: 1992

Share Share License Share with Log (Avg.
Public NFP Age ER GAC LOS)

pga 0.064 -0.092 7.93 -0.075 0.217
(0.298) (0.328) (3.51)* (.210) (.166)

R-squared 0.230 0.077 0.375 0.218 .082

pga 5.93 0.191 0.351
(5.55) (0.192) (0.236)

pga * Public -2.29 -0.495 0.067
(728) (0.314) (0.245)

pga * For-Profit 13.1 -0.069 -0.953
(8.79) (0.346) (0.643)

R-squared 0.378 0.221 0.102

Mean of Dep. Var. 0.191 0.529 44.4 0.714 5.72
Observations 454 454 454 430 430

Panel D Hospital Characteristics: 1992

Share with Share with Share with Share doing Certified
Hospice ICU NICU PTCA Medicare SNF

pga -0.066 -0.075 0.319 -0.008 -0.036
(0.230) (0.164) (0.240) (.109) (0.173)

R-squared 0.043) 0.305 0.255 0.388 0.104

pga -0.009 0.024 0.478 0.058 -0.021
(0.260) (0.174) (0.242)+ (0.130) (0.193)

pga * Public -0.316 -0.402 -0.451 -0.046 -0.064
(0.308) (0.244) (0.232) (0.255) (0.341)

pga * For-Profit 0.060 -0.090 -0.403 -0.211 -0.011
(0.216) (0.286) (0.312) (0.156) (0.354)

R-squared 0.298 0.309 0.256 0.387 0.099

Mean of Dep. Var. 0.045 0.858 0.330 0.308 0.386
Observations 430 430 430 454 430

aNotes:
1. Dependent variables in Panels C and D are from OSHPD’s Annual Utilization Reports. Dependent variable means

for log linear regressions are provided in levels.

2. Within each panel we show results from two sets of regressions. The first specifies seismic risk linearly; the second
includes interactions by hospital ownership status.

3. All models include county fixed effects and a dummy for rural status. Except where used as a dependent variable
for this randomization check, models control for license age and its square, the number of licensed beds in 1992 and
dummies for 1992 ownership status. Models of demographic changes between 1990 and 2000 also control for 1996
teaching status and 1996 multi-hospital system status. Standard errors are clustered at the county level.



Table IV
Hospital Closures: 1996-2006 a

OLS Probit

pga 0.328 0.328 0.281 0.333
(0.095)** (0.114)** (0.101)** (0.132)*

pga * Public 0.041 -0.090
(0.241) (0.228)

pga * For-Profit -0.042 - 0.105
(0.315) (0.230)

Public -0.012 -0.032 -0.015 0.028
(0.058) (0.158) (0.056) (0.152)

For-Profit 0.098 0.119 0.042 0.103
(0.056) (0.178) (0.049) (0.166)

Adj. R-squared 0.036 0.031 0.174 0.176
Observations 454 454 366 366

aNotes:

1. All regressions include county fixed effects as well as the age of the hospital, age
of the hospital squared, the number of licensed beds in 1992, 1992 ownership sta-
tus (government-owned or for-profit, with nonprofit status excluded), rural status,
multi-system status, and 1996 teaching status. Teaching status is measured as of
1996 because of data limitations.

2. Standard errors are clustered at the county level. We denote significance at the
10%, 5% and 1% levels as +, ∗ and ∗∗, respectively.



Table V
Plant Property and Equipment Spending a

Hospitals Operating 1996-2006 All Hospitals in Operation in 1996

TOTAL Log(TOTAL) TOTAL Log(TOTAL)

pga 835 1,495 0.731 1.62 1,018 1,280 2.28 0.478
(333)* (330)** (0.601) (0.681)* (294)** (253)** (1.13)* (1.55)

pga * Public -2,169 -2.32 -552 5.83
(538)** (0.673)** (611) (1.61)*

pga * For-Profit -1,405 -2.71 -720 2.63
(542)** (1.33)* (345)* (2.94)

Public -778 326 -0.679 0.497 -508 -231 1.10 -1.86
(189)** (356) (0.164)** (0.360) (144)** (299) (0.525)* (0784.)*

For-Profit -559 117 -1.67 -0.354 -239 116 1.70 0.415
(134)** (254) (0.339)** (0.652) (96.7)* (1175) (0.583)** (1.10)

Adj. R-squared 0.464 0.476 0.318 0.329 0.451 0.451 0.252 0.256
Observations 319 319 319 319 454 454 454 454

aNotes:
1. All regressions include county fixed effects as well as the age of the hospital, age of the hospital squared,

the number of licensed beds in 1992, (or the earliest year available, with an indicator to account for such
substitution), 1992 ownership status (government-owned or for-profit, with nonprofit status excluded),
rural status, multi-system status, and 1996 teaching status. Teaching status is measured as of 1996
because of data limitations.

2. Standard errors are clustered at the county level. We denote significance at the 10%, 5% and 1% levels
as +, ∗ and ∗∗, respectively.

3. Amounts for all years deflated to 2006 dollars.

4. PPE includes land purchases, building improvements, equipment spending and ongoing construction
costs.

5. The first four columns capture hospitals operating continuously between 1996 and 2006. The last four
columns set missing PPE values to zero and includes an indicator variable to capture whether such a
substitution was made.



Table VI
Changes in Total Beds, Days and Discharges: 1992-2006 a

Beds Days Discharges % Beds Staffed Days/Bed Days/Discharge

pga 79.7 8.93 1.88 0.128 -35. -17.3
(36.1)* (18.6) (2.37) (0.076) (81.0) (14.5)

pga * Public 103 18.2 0.745 0.140 11.5 7.90
(64.5) (19.8) (2.61) (0.085) (65.8) (11.0)

pga * For-Profit -1.54 -7.56 -0,208 -0.125 -86.6 15.4
(60.5) (12.9) (1.74) (0.138) (98.1) (11.7)

Public -40.5 -18.3 -2.38 -0.049 -26.5 1.70
(33.5) (10.8) (1.61) (0.055) (44.2) (7.32)

For-Profit -20.6 -2.04 -1.90 0.065 35.3 -8.08
(31.6) (8.17) (0.791)* (0.064) (64.5) (6.50)

Adj. R-squared 0.275 0.02 0.02 0.053 0.048 0.279
Observations 373 373 373 365 373 362

aNotes:

1. All regressions include county fixed effects as well as the age of the hospital, age
of the hospital squared, the number of licensed beds in 1992 (or the earliest year
available, with an indicator to account for such substitution), 1992 ownership sta-
tus (government-owned or for-profit, with nonprofit status excluded), rural status,
multi-system status, and 1996 teaching status. Teaching status is measured as of
1996 because of data limitations.

2. Standard errors are clustered at the county level. We denote significance at the
10%, 5% and 1% levels as +, ∗ and ∗∗, respectively.

3. Days and discharges are measured in units of 1,000

4. Data on % Bed Staffed are available only starting in 2002, so column 4 represents
the change between 2006 and 2002.



Table VII
Changes in Uncompensated Care: 2002-2006 a

Total Inpatient GAC Inpatient ER Visits Clinic Visits
Days Days

pga 1.94 7.64 1.33 25.7
(6.31) (4.30)+ (13.4) (20.3)

pga * Public -47.2 -23.7 34.1 -80.0
(33.2.) (15.4) (25.4) (61.3)

pga * For-Profit -3.25 -43.37 -19.4 -28.6
(10.1) (7.60) (11.3) (18.9)

Public 23.8 4.51 -14.0 40.5
(15.8) (7.65) (10.7) (33.2)

For-Profit 4.37 3.41 10.8 14.5
(5.21) (3.79) (6.48) (11.0)

Adj. R-squared 0.11 0.018 0.08 0.04
Observations 365 365 365 365

aNotes:

1. All regressions include county fixed effects as well as the age of the hospital, age
of the hospital squared, the number of licensed beds in 1992, 1992 ownership sta-
tus (government-owned or for-profit, with nonprofit status excluded), rural status,
multi-system status, and 1996 teaching status. Teaching status is measured as of
1996 because of data limitations.

2. Standard errors are clustered at the county level. We denote significance at the
10%, 5% and 1% levels as +, ∗ and ∗∗, respectively.

3. GAC stands for ”General Acute Care”

4. Total inpatient days includes GAC days as well as inpatient days for psychiatric
care, chemical dependency, rehabilitation, long-term care, and ”other care.”

5. Days and visits are measured in units of 100.

6. Uncompensated care does not include care compensated under the county indigent
care programs.



Table VIII
Changes in NICU and Obstetrics Care a

NICU NICU NICU Obstetrics Obstetrics Obstetrics
Beds Days Discharges Beds Days Discharges

pga 4.77 2207 30.5 0.666 1438 611
(4.34) (877)* (104) (8.43) (845)+ (314)+

pga * Public -7.58 -1313 -186 -6.70 -2219 -1334
(3.92)+ (1555) (191) (7.93) (1598) (714)

pga * For-Profit -4.33 -152 -132 -4.21 -877 -301
(2.72) (1005) (113) (7.85) (1087) (512)

Public 3.94 -152 82.4 3.41 996 627
(3.35) (1004) (114) (3.86) (741) (361)

For-Profit -1.35 -72.6 -8.40 4.04 596 209
(1.72) (55.0) (66.1) (4.84) (632) (308)

Adj. R-squared 0.07 0.03 0.101 0.134 0.03 0.044
Observations 373 373 373 365 365 365

aNotes:

1. NICU data are from the AUR and include the years 2006 and 1992. Obstetrics care
are from the HAFD and cover 2002 and 2006.

2. All regressions include county fixed effects as well as the age of the hospital, age
of the hospital squared, the number of licensed beds in 1992, 1992 ownership sta-
tus (government-owned or for-profit, with nonprofit status excluded), rural status,
multi-system status, and 1996 teaching status. Teaching status is measured as of
1996 because of data limitations.



Table IX
Changes in MRI: 2002-2006 a

Total MRIs Inpatient MRIs Outpatient MRIs

pga 118 12.6 105
(50.9)* (35.0) (43.1)*

pga * Public -148 -74.6 -73.0
(127) (56.3) (90.4)

pga * For-Profit -99.5 -2.34 -102
(95.4) (66.4) (51.5)+

Public 73.8 47.2 26.7
(67.2) (28.9) (47.9)

For-Profit 86.4 28.8 57.6
(50.9)+ (37.4) (27.6)*

Adj. R-squared 0.01 0.04 0.07
Observations 365 365 365

aNotes:

1. MRIs are measured in units of 100.

2. All regressions include county fixed effects as well as the age of the hospital, age
of the hospital squared, the number of licensed beds in 1992, 1992 ownership sta-
tus (government-owned or for-profit, with nonprofit status excluded), rural status,
multi-system status, and 1996 teaching status. Teaching status is measured as of
1996 because of data limitations.

3. Standard errors are clustered at the county level. We denote significance at the
10%, 5% and 1% levels as +, ∗ and ∗∗, respectively.



Table X
Changes in Surgeries: 1992-2006 a

Total Inpatient Outpatient

pga 24.5 16.4 8.16
(19.0) (7.84)* (13.1)

pga * Public -14.3 -0.660 -13.6
(19.0) (12.5) (11.4)

pga * For-Profit 19.8 2.13 17.7
(24.2) (9.84) (17.4)

Public -6.47 -6.76 0.288
(9.49) (6.25) (0.576)

For-Profit -25.2 -8.02 -17.2
(10.1)* (4.76)+ (8.04)*

Adj. R-squared 0.04 0.09 0.08
Observations 373 373 373

aNotes:

1. All regressions include county fixed effects as well as the age of the hospital, age
of the hospital squared, the number of licensed beds in 1992, 1992 ownership sta-
tus (government-owned or for-profit, with nonprofit status excluded), rural status,
multi-system status, and 1996 teaching status. Teaching status is measured as of
1996 because of data limitations.

2. Standard errors are clustered at the county level. We denote significance at the
10%, 5% and 1% levels as +, ∗ and ∗∗, respectively.

3. Procedures are measured in units of 100.



Table XI
Changes in CABG, Catheterizations, and PTCA a

CABG Therapeutic Therapeutic Net Dx PTCA PTCA
Catheterization Catheterization Net W/O Stents

pga 39.8 236 325 164 179
(27.9) (181) (135)* (92.7)+ (63.4)**

pga * Public 18.8 -156 -376 -133 -144
(54.4) (194) (202)+ (170) (158)

pga * For-Profit 15.0 176 -206 -50.8 -260
(36.9) (317 (414) (104) (118)

Public 0.45 -83.6 104 -26.0 -17.5
(32.8) (96.1) (124) (82) (98.3)

For-Profit -15.0 -207 98.2 -52.8 17.5
(24.2) (140) (204) (50.2) (98.3)

Adj. R-squared 0.15 0.03 0.05 0.03 0.02
Observations 365 373 373 373 365

aNotes:

1. All regressions include county fixed effects as well as the age of the hospital, age
of the hospital squared, the number of licensed beds in 1992, 1992 ownership sta-
tus (government-owned or for-profit, with nonprofit status excluded), rural status,
multi-system status, and 1996 teaching status. Teaching status is measured as of
1996 because of data limitations.

2. Standard errors are clustered at the county level. We denote significance at the
10%, 5% and 1% levels as +, ∗ and ∗∗, respectively.

3. Catheterization and PTCA data are available in the AUR and include the years
2006 and 1992. CABG data and information on stents are from the HAFD and
cover 2002 and 2006.

4. “Therapeutic Net Dx” means net of diagnostic catheterizations. “Net W/O Stents”
means net of PTCA procedures where stents are not placed.



Appendix: Figures and Tables

Appendix Figure 1: A map of expected ground acceleration in the event of
an earthquake similar to the great quake of 1906.

Source: U.S. Geological Survey



Appendix Table I
Basic Information for SB 1953 a

Panel A Key Provisions of SB 1953

Date Requirement

Jan 2001 Submit risk assessment with NPC and SPC ratings for all buildings and a compliance report.
Jan 2002 Retrofit nonstructural elements (e.g. power generators) and submit a plan

for complying with structural safety requirements.
Jan 2008 Collapse hazard buildings should be retrofitted or closed. Extensions available through 2013.
Jan 2030 Retrofit to remain operational following a major seismic event.

Panel B Structural Performance Categories (SPC)

Rating Description

SPC 1 Pose significant risk of collapse and a danger to the public. Must be brought to
level SPC2 by Jan. 1. 2008. 5-year extensions to 2013 may be granted.

SPC 2 Buildings do not significantly jeopardize life but may not be repairable or functional
following a strong earthquake. Must be brought into compliance with SB 1953 by
Jan. 1 2030 or be removed from acute care services.

SPC 3 May experience structural damage that does not significantly jeopardize life, but
may not be repairable following an earthquake. Has been constructed or reconstructed
under an OSHPD building permit. May be used to Jan 1. 2030 and beyond.

SPC 4 In compliance with structural provisions of SB 1953, but may experience structural
damage inhibiting provision of services following a strong earthquake. May be used
to Jan. 1. 2030 and beyond.

SPC 5 In compliance with structural provisions of SB 1953 and reasonably capable of
providing service after a strong earthquake. May be used to Jan. 1. 2030 and beyond.

Panel C NonStructural Performance Categories (NPC)

Rating Description

NPC 1 Equipment and systems to not meet any bracing requirements of SB 1953.
NPC 2 By Jan. 1, 2002, communications, emergency systems, medical gases, fire alarm,

emergency lighting systems in exit corridors must be braced to Part 2, Title 24
requirements

NPC 3 Meets NPC2. By Jan. 1, 2008, nonstructural components in critical care, clinical
labs, pharmacy, radiology central and sterile supplies must be braced to Part 2,
Title 24. Fire sprinkler systems must be braced to NFPA 13, 1994, or subsequent
applicable standards. May be used until Jan. 1., 2030.

NPC 4 Meets NPC 3. Architectural, mechanical, electrical systems, components and
hospital equipment must be braced to Part 2, Title 24 requirements. May be used
until Jan. 1., 2030.

NPC 5 Meets NPC 4. By Jan 1., 2030, must have on-site supplies of water, holding tanks
for wastewater, fuel supply for 72 hours of emergency operations. May be used until
Jan. 1, 2030 and beyond.

aNotes:

1. SPC stands for “Structural Performance Category”; NPC stands for “Nonstructural
Performance Category.”

2. Sources: http://www.oshpd.ca.gov/fdd/sb1953/sb1953rating.pdf

3. See http://www.oshpd.ca.gov/fdd/sb1953/FinalJan2008Bul.PDF for extension in-
formation.



Appendix Table II
Pre-Mandate Hospital Closures: 1992-1996 a

OLS Probit

pga -0.005 -0.001 -0.003 -
(0.067) (0.067) (0.003) -

pga * Public -0.044 -
(0.097) -

pga * For-Profit 0.019 -
(0.176) -

Public 0.028 0.50 0.011 -
(0.027) (0.069) (0.018) -

For-Profit 0.058 0.059 0.010 -
(0.021)** (0.095) (0.010) -

Adj. R-squared 0.011 0.016 - -
Observations 455 455 237 -

aNotes:

1. All regressions include county fixed effects as well as the age of the hospital, age of
the hospital squared, the number of licensed beds in 1992, 1992 ownership status
(government-owned or for-profit, with nonprofit status excluded), and rural status.

2. Standard errors are clustered at the county level.

3. We were unable to estimate the profit model with ownership interaction effects.



Appendix Table III
Neighboring Hospital Closures: 1996-2006 a

OLS Probit

pga -0.022 0.046 -0.096 0.084
(0.105) (0.138) (0.141) (0.188)

pga * Public -0.033 -0.274
(0.154) (0.224)

pga * For-Profit -0.314 -0.617
(0.234) (0.328)+

Public 0.089 0.109 0.111 0.184
(0.061) (0.096) (0.058) (0.063)+

For-Profit 0.012 0.168 0.036 0.285
(0.054) (0.122) (0.064) (0.115)+

Adj. R-squared 0.411 0.411 0.253 0.263
Observations 454 454 342 342

aNotes:

1. All regressions include county fixed effects as well as the age of the hospital, age
of the hospital squared, the number of licensed beds in 1992, 1992 ownership sta-
tus (government-owned or for-profit, with nonprofit status excluded), rural status,
multi-system status, and 1996 teaching status. Teaching status is measured as of
1996 because of data limitations.

2. Standard errors are clustered at the county level.

3. Neighbors mean hospitals within the same 3-digit zipcode..



Appendix Table IV
Neonatal Intensive Care: 1992-1996 a

Change 1992-1996

NICU Beds Days Discharges

pga -0.431 -637 -35.6
(1.71) (556) (72.8)

pga * Public -3.59 -861 -82.8
(2.73) (1071) (68.5)

pga * For-Profit -0.613 478 -0.916
(1.94) (520) (73.9)

Public 1.84 256 54.1
(1.79) (585) (43.4)

For-Profit -1.12 -421 -34.8
(1.17) (305) (46.5)

R-squared 0.037 0.072 0.078
Observations 414 414 414

aNotes:

1. NICU days and discharges are from OSHPD’s Annual Utilization Reports.

2. All regressions include the log number of licensed beds in 1992 and dummies for 1992
ownership status (government-owned or for-profit with nonprofit status excluded),
the year the hospital opened and its square, rural status, 1996 teaching status, 1996
multi-hospital system status and county location. Standard errors are clustered at
the county level.



Appendix Table V
Surgical Procedures: 1992-1996 a

Change 1992-1996

Total Inpatient Outpatient

pga 4.07 5.82 -1.75
(7.03) (3.11)+ (6.26)

pga * Public -7.43 -0.664 -8.09
(16.3) (0.89) (9.26)

pga * For-Profit 6.77 1.83 4.94
(11.3) (6.26) (7.14)

Public -4.36 -5.36 1.01
(5.31) (3.32) (3.21)

For-Profit -12.8 -5.64* -7.18
(3.63)** (2.68) (3.02)

R-squared 0.083 0.078 0.020
Observations 414 414 414

aNotes:

1. Surgeries are from OSHPD’s Annual Utilization Reports.

2. All regressions include the log number of licensed beds in 1992 and dummies for 1992
ownership status (government-owned or for-profit with nonprofit status excluded),
the year the hospital opened and its square, rural status, 1996 teaching status, 1996
multi-hospital system status and county location. Standard errors are clustered at
the county level.

3. Surgeries are measured in units of 100



Appendix Table VI
Cardiac Procedures: 1992-1996 a

Change 1992-1996

Therapeutic Therapeutic Net Dx PTCA
Catheterization Catheterization

pga 23.9 -10.1 27.7
(69.0) (90.3) (78.4)

pga * Public -40.0 -40.9 -63.4
(97.4) (91.8) (76.3)

pga * For-Profit 32.0 -159 3.70
(93.6) (104) (68.7)

Public -40.9 13.0 11.6
(59.2) (49.4) (41.9)

For-Profit -57.4 57.9 -6.47
(50.8) (60.8) (38.0)

R-squared 0.01 0.112 0.05
Observations 414 414 414

aNotes:

1. Catheterizations and PTCA are from OSHPD’s Annual Utilization Reports.

2. All regressions include the log number of licensed beds in 1992 and dummies for 1992
ownership status (government-owned or for-profit with nonprofit status excluded),
the year the hospital opened and its square, rural status, 1996 teaching status, 1996
multi-hospital system status and county location. Standard errors are clustered at
the county level.

3. “Therapeutic Net Dx ”means net of diagnostic catheterizations.



Appendix: Proofs

8.1 Proposition 1

Let (q, θ, u) and (q′, θ′, u′) be a nonprofit hospital’s choice of variables conditional on fixed

cost shocks F and F ′ respectively. If V = R, for all values of (q, θ, u, F ), then (q, θ, u) =

(q′, θ′, u′) for all (F, F ′).

Proof: Note that θ and u have a positive cost and do not appear in the objective function.

The hospital will therefore choose the lowest possible value for θ and u (i.e. P ∗ = u∗ =

θ∗ = 0 ∀F ).

The firms problem then simply reduces to a problem of maximizing π(q|θ∗), which is

solved by q∗ = c−1(p) (i.e. marginal cost equals price). Then since q∗ is also independent

of F , a hospitals choice of (q∗, θ∗, u∗) is independent of the fixed cost shock F . �

8.2 Proposition 2

Let nonprofit hospitals have as their objective function V Output ≡ V (q, θ, u) where V Output

is an increasing, concave function of q, θ and u. For any fixed cost shock F > 0, conditional

on being able to meet its budget constraint, nonprofit hospitals will decrease one or more of

the set {q, θ, u}.

Proof: Since the objective function is continuous and concave in its arguments (Vi > 0,

Vii < 0 for i ∈ {q, θ, u}), when faced with a windfall W , one or more of the arguments {q,
θ, u} must increase (otherwise the objective function would decrease).

Define (qF , θF , uF ) as the choices of the firm when faced with a fixed cost shock F , and

F π ≡ π(qπ, θπ) where (qπ, θπ, uπ) are the profit maximizing values (i.e. q∗ = qπ, θ∗ = θπ = 0

and u∗ = uπ = 0). Note that if the shock F > F π, the firm will not be able to meet its

budget constraint and will shut down.

Then for a firm facing a shock F ∈ (0, F π], the previous situation prior to receiving

the fixed cost shock F = 0 is exactly like receiving a windfall of size F . So one or more of

(q0, θ0, u0) must be greater than the firms choice (qF , θF , uF ). �

8.3 Proposition 3

Let nonprofit hospitals have as their objective function V perk ≡ V (R, θ) where V perk is an

increasing, concave function of θ. For any fixed cost shock F > 0, conditional on being able

to meet its budget constraint, nonprofit hospitals will weakly decrease θ and increase q.

Proof: The firm’s problem can be written as



L ≡ V (R, θ) + λ(q − C(q, θ)− P − F ). (6)

The first order conditions are then

FOCq : λ(1− Cq) = 0 (7)

FOCθ : Vθ − λCθ = 0 (8)

FOCu : VR − λ = 0 (9)

FOCλ : q − C(q, θ)−R− F = 0 (10)

Combining equations 8 and 9, we see that the firm chooses (θperk, Rperk) such that the

marginal benefit of θ conditional on price Cθ equals the shadow cost VR (VR = Vθ/Cθ)

subject to the constraints θ ≥ 0 and R ≥ 0.

Equation 7, q∗ = C−1q (1) requires that, conditional on θ, the firm will product the

profit maximizing level of q. Then since q∗ is fully determined by θ, for any set of values

(q, θ, R, F ), we can rewrite equation 10 as (β−F )− pθθ−R = 0, where pθ ≡ C(q∗(θ),θ)
θ and

β ≡ q.
The firm’s problem then is identical to that of choosing a consumption bundle (θ,R),

subject to a budget constraint pθθ +R = w where w ≡ β − F .

Note that if the shock F > F π, the firm will not be able to meet its budget constraint

and will shut down. So then for any pair of shocks F ′, F ∈ [0, F π], since the objective

function is concave and increasing in θ and u, θF
′ ≥ θF and uF

′ ≥ uF . So for F ∈ [0, F π],

θ∗F ≤ 0 and u∗F ≤ 0 and since q and θ jointly increase (decrease), q∗F ≤ 0.

Note that if the shock F > F π, the firm will not be able to meet its budget constraint

and will shut down. For any pair of shocks F ′, F ∈ [0, F π], since the objective function

is concave and increasing in θ and R, θF
′ ≥ θF and RF

′
) ≥ RF ). So for all F ∈ [0, F π],

θ0 ≥ θFR0 ≥ RF . �

8.4 Proposition 4

Let nonprofit hospitals have as their maximand the function V A ≡ V (w(q, θ), u) where V A

is an increasing, concave function of w and u, and w(q, θ) = qθ. For any fixed cost shock

F > 0, conditional on being able to meet its budget constraint, nonprofit hospitals must

(weakly) decrease q, θ and u.

Proof: Since R does not appear in the objective function, but has a positive cost, the firm

will choose the lowest possible value: R = 0. We can then write the firm’s problem as

L ≡ V (w(q, θ), u) + λ(q − C(q, θ)− u− F ). (11)



The first order conditions are then

FOCq : Vwθ + λ(1− Cq) = 0 (12)

FOCθ : Vwq − λCθ = 0 (13)

FOCu : Vu − λ = 0 (14)

FOCλ : q − C(q, θ)− u− F = 0 (15)

Using the fact that the shadow price is marginal benefit of uncompensated care (equation

14), we can combine equations 12 and 13 to get

θCθ = qC̃q, (16)

where C̃q = Cq − 1. Then since all the components of equation 16 (i.e. q, θ, C̃q, Cθ) are

positive, and increasing in their respective arguments (i.e. qq > 0, θθ > 0, Cθ2 > 0 and

Cq2 > 0), q and θ must jointly increase (decrease).

Define (qF , θF , uF ) as the choices of the firm when faced with a fixed cost shock F , and

F π ≡ π(qπ, θπ) where (qπ, θπ, uπ) are the profit maximizing values (i.e. q∗ = qπ, θ∗ = θπ = 0

and u∗ = uπ = 0).

Note that if the shock F > F π, the firm will not be able to meet its budget constraint

and will shut down. For any pair of shocks F ′, F ∈ [0, F π], since the objective function is

concave and increasing in w and u, θF
′ ≥ θF and w(qF

′
, θF

′
) ≥ w(qF , θF ).

So for a fixed cost shock F ∈ [0, F π], wF ≤ w0 and uF ≤ u0. Then since w is increas-

ing in q and θ, and we have the restriction from the FOCs that q and θ jointly increase

(decrease), q∗F ≤ 0 and θ∗F ≤ 0. �


