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how much the other thirteen hospitals are competing with Santa�

Monica Hospital and St. John's Hospital.
The correlation between Santa Monica Hospital and St. John's�

Hospital is 0.91, which suggests that the two hospitals are,�

indeed, competing in roughly the same geographic market. Because�

0.91 is higher than any of the other correlations in the table,�

it also appears that St. John's and Santa Monica Hospital are�

competing more against each other than against any other�

hospital. Other hospitals that operate in a similar geographic�

market include Washington Hospital in Culver City, Daniel Freeman�

Marina Hospital, UCLA Medical Center, and Brotman Medical Center.�

Based on the geographic proximity of these hospitals to Santa�

Monica, as seen in Figure 2, these correlations are not�

surprising.
Overall, the two Santa Monica hospitals compete for patients�

most intensely with each other, compete less intensely with other�

nearby hospitals, and hardly at all with several more distant�

hospitals, even though the more distant hospitals share at least�

one zip-code market in common. While the Santa Monica hospitals�

do not form a duopoly, their market is somewhat distinct from�

other hospital markets in West Los Angeles. This distinctness is�

important, because insurance companies may be reluctant to drop�

both hospitals in Santa Monica from their network of hospitals,�

since patients from Santa Monica might then switch insurance�

companies to maintain the option to stay at a local hospital.
The reduced capacity could then have a concentrated local effect
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that could in turn lead to a pronounced price effect. We now 
turn to the question of how to test for such a price effect.

IV. MODEL AND DATA
Before we discuss the specific attributes of the model 

below, it is valuable to re-state our question. Broadly, the 
question is, how does excess capacity influence price 
competition? Narrowly, the question is, how did the change in 
capacity in Santa Monica after the Northridge earthquake 
influence price competition within that area? We might expect 
the strongest effects in Santa Monica and considerably weaker 
effects, if any, in the nearby hospitals.

This paper takes advantage of the potential covariance of 
prices across hospitals. The starting point of the analysis is 
the model of prices at an individual hospital i. It is assumed 
that hospital i's price in period t is a linear function of a 
constant, a local market effect, and an error term. The local 
market effect may arise in hospitals that face specific 
demographic or market features. Hospitals facing similar 
demographic and market features may experience similar local 
market effects. The price for hospital i in period t can be 
written as:

Pit —  Ci + Lit "t Eit • (1)

Ci is the constant fixed effect which is specific to firm i. Lit 
is the local market effect, and eit is a stationary Gaussian term
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Under the second approach, represented by equation (2), a�
model is estimated for the periods prior to the earthquake in�

order to obtain coefficient estimates for how the prices�

elsewhere are related to the price in a Santa Monica hospital.�

Based on these coefficients, we may forecast prices in a Santa�

Monica Hospital conditioned on observed prices elsewhere.
We next consider the data for these models.

Data
The data for this analysis are from the Hospital Quarterly�

Data, distributed by the California Office of Statewide Health�

Planning and Development. Since 1982, all California acute-care�

hospitals have been required to submit a brief summary of their�

operating conditions on a quarterly basis. The data include�

reports on revenues, inpatient visits, operating costs, and fixed�

assets from the first quarter of 1982 through the first quarter�

of 1995. The reported data improved significantly in the first�

quarter of 1986. Since then, changes in reporting format have�

allowed backward construction of the same variables as were�

reported in 1986. Consequently, the data with which this work�

begins are from the first quarter of 1986, yielding 32 quarterly�

observations of each hospital before the earthquake.
Not all hospitals in California should be or can be included�

in this analysis. We are interested only in hospitals that�

compete with each other for privately insured patients. As a�

result, four categories of hospital are excluded from this�

analysis. First, government-owned hospitals are excluded because
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they primarily treat Medicaid or indigent patients. Second, some 
hospitals are excluded from the sample because they do not bid 
against other hospitals for patients from insurers, notably the 
Kaiser HMO hospitals. Third, some are excluded from the sample 
because they do not operate or report continuously over the 
period of interest. Fourth, some are excluded because, despite 
remaining open during the entire period, they changed their 
primary focus of care. For example, an acute-care hospital might 
change to a drug-rehabilitation hospital. Out of California's 
585 hospitals reporting their operating figures in the first 
quarter of 1995, about 345 hospitals are excluded for the reasons 
given above, leaving 238 hospitals for the analysis which 
follows.

Prices are measured as inpatient revenue per patient day for 
non-Medicare and non-Medicaid patients. Inpatient revenue per 
patient day for this category of patients approximates prices for 
privately insured patients.12 This approximation to a per diem 
rate is chosen as the price variable because per diem rates are 
the primary price negotiated between hospitals and insurers. An 
approximation is used instead of actual negotiated rates because 
negotiated rates between insurers and hospitals are proprietary.

Revenues are deflated by the Bureau of Labor Statistics' 
medical care service price index for the Los Angeles area or the 
San Francisco area, as is appropriate. For hospitals outside of

12 OSHPD quarterly hospital data includes variables for gross inpatient 
revenue by payor source, gross outpatient revenue by payor source, and 
net revenue by payor source. Net inpatient revenue is then estimated 
based on the average discount from all gross revenues for that payor 
source.
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and their close competitors. In the third regression, price�

indices for neighboring counties are also included, because some�

neighboring counties are demographically more similar to Santa�

Monica than is Los Angeles County as a whole. In the fourth�

regression, the price index used is constructed as an average of�

prices at sixteen hospitals that are deemed similar to Santa�

Monica Hospital, by a method described below.
In all cases, the earthquake dummy is positive and�

significantly different from zero at the 0.01 level, allowing us�

to reject the hypothesis that there was no structural change�

after the earthquake.
We might imagine that correlations between the local market�

effect in Santa Monica and those elsewhere will be confused by�

aggregative county indices. In order to deal with this�

possibility, we select a group of hospitals that share�

significant features with Santa Monica Hospital, with the�

rationale that similar hospitals are more likely to experience a�
high covariance of their prices with Santa Monica Hospital.
Having selected these hospitals, we will regress prices at Santa�

Monica Hospital on prices at these hospitals, again with an�

earthquake dummy.
The variables deemed, a priori, most relevant to finding a�

control group of hospitals similar to Santa Monica Hospital are:�

the number of patients, the occupancy rate, the percentage of�

white patients, the percentage of patients who are covered by�

non-governmental insurance, and the average complexity of cases�

treated, or case-mix. Hospitals are included with the group when
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they are within one standard deviation of Santa Monica Hospital's 
value for each of these variables. The standard deviation is 
calculated based on the 238 hospitals in the sample. An 
important property of this process for finding similar hospitals 
is that the group selected is independent of the order in which 
variables are considered. After completing this process for an 
intermediate year in the time series (1991), sixteen hospitals 
remain. These are listed in Appendix B.

Simple regressions of Santa Monica Hospital's prices on each 
individual hospital's prices are reported in Table 3. Note that 
in each case, the earthquake dummy is positive and significantly 
different from zero at the 0.01 level.

To gain insight into the robustness of these results, 
further estimates are made with these hospitals, regressing Santa 
Monica hospital's revenues per patient day on the revenues per 
patient day of all combinations of five of these sixteen 
hospitals. We might expect these revenues per patient day to 
exhibit significant multicollinearity. However, since the 
earthquake dummy will not be subject to multicollinearity, its 
estimated standard error will be unaffected by this problem.13 
There are 4,368 distinct combinations of five hospitals out of 
the group of sixteen. Based on 4,368 regressions that follow the 
Beach and MacKinnon AR(1) method, the minimum coefficient 
estimate for the earthquake dummy is 0.2158, the maximum is 
0.3236, the mean is 0.2626, and the median is 0.2628. The 
minimum t-value is 3.4573, the maximum is 5.6374, the mean

&@ See Conlisk (1971) .
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observations. As autoregressive models are extremely sensitive�

to missing observations, ordinary least squares techniques are�

used.
Table � finds no significant price effect for St. John's�

Hospital. Moreover, these regressions perform poorly. Their�

adjusted R-squared values are negative, indicating that variables�

in addition to the constant have no explanatory power. Table 5�
examines the thirteen hospitals deemed most similar to St. John's�

Hospital, based on the standard deviation reduction technique.�

These hospitals are listed in Appendix B. Note that these�

regressions have poor explanatory power. In only three cases is�

the adjusted R-squared value greater than zero. Nonetheless, in�

no case is the coefficient for the earthquake dummy significantly�

different from zero. That is, we cannot conclude from these data�

that St. John's Hospital experienced a significant change in�

revenue per patient day after the earthquake.
Figure 5 illustrates the time series of revenues per patient�

day at St. John's Hospital. No fitted values are included,�

because the significance of the estimated regressions is low. To�

provide a reference series, an index of values over the entire�

period for the thirteen similar hospitals is displayed. This�

figure suggests that St. John's revenues per patient day have a�
high variance, much higher than we might expect of actual per�

diem rates. This variance may arise from accounting practices at
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St. John's Hospital.14 Annual data experience a much lower 
variance, but adequate data for an annual analysis of post­
earthquake pricing at St. John's are currently unavailable.

To conclude, the models estimated suggest that after the 
Northridge earthquake, revenues per patient day experienced a 
significant positive increase at Santa Monica Hospital. This may 
be a result of the reduced capacity at the hospitals in Santa 
Monica. Because insurers might be reluctant to exclude both 
hospitals in Santa Monica from their provider networks, the 
credibility of the insurers' threat to move patients may have 
fallen due to the lower excess capacity in the area. However, 
the models estimated suggest that St. John's Hospital did not 
experience a significant change in revenues per patient day. The 
absence of a significant price effect for St. John's Hospital 
suggests caution in the interpretation of the price results for 
Santa Monica Hospital.

VI. CONCLUSIONS
Before we accept any finding of a positive price effect, we 

must ask how confident we can be in the finding in this case.
Then we can ask whether the finding is consistent with previous 
empirical work that focuses on hospitals.

There are several reasons we might doubt findings from this 
data. First, the number of post-earthquake observations is

14 For instance, if revenues are booked only when received, rather than 
when billed, then delays in payment by federal authorities or private 
insurance companies will lead to a high variance of the estimated per 
diem rate.
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significant at the 0.01 level. This suggests that hospitals�

satisfying the high-occupancy conditions have prices 20.2% above�

those of other hospitals. While a dummy-variable approach to a�
presumably continuous phenomenon is problematic, the dummy's�

positive coefficient is consistent with the general nature of the�

results found in Santa Monica after the Northridge earthquake.
In review, this paper both analyzes a problem and�

illustrates a method. The problem is to estimate the extent to�

which lowering capacity might increase prices. The method is to�

take advantage of natural disasters, such as earthquakes, as�

generators of exogenous shocks to market variables, such as�

capacity. The method can be viewed as a true natural experiment�

approach. The strength of the method is that changes in the�

variables of interest are well identified. Since identification�

is crucial for policy purposes, there is potentially high value�

in pursuing further studies of this nature.
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a control group against which to compare the Santa Monica 
hospitals.

Economic Effects
While it is natural to concentrate on the earthquake's 

direct physical effects, it is also important to consider effects 
the earthquake may have had on employment in general, which might 
have influenced the number of privately insured patients. For 
instance, one might imagine that the earthquake caused many 
layoffs —  some of them at St. John's hospital, but also more 
generally in retail establishments —  which led to reduced 
health-insurance coverage and reduced demand for health-care 
services. These issues are important, because a local change in 
the nature of demand could confuse the estimates of the role of 
changed capacity on prices, due to a potential bias from omitted 
variables.

A precise investigation of the nature of health care demand 
is beyond the scope of this paper. Nonetheless, it does appear 
that the earthquake did not fundamentally alter the employment 
patterns of the region. Net job loss at the time of the 
earthquake appears slight. In Los Angeles County, non-farm 
employment rose 1% from 1993 to 1994, an increase of 35,000.
About a third of this increase occurred in the quarter after the 
earthquake. Construction employment rose 4%, a higher percentage 
than for employment overall, which is not surprising, due to the 
increased need for construction after the damage caused by the 
earthquake (Barton, 1995).



If the effects of the Northridge earthquake are similar to�

those of the 1989 Loma Prieta earthquake in Northern California,�

retail sales, and presumably retail employment, declined in areas�

in which stores suffered serious damage, but this decline was�

offset by increased sales, and presumably employment, in�

neighboring areas (Federal Reserve, 1994).
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Table 1. Geographic source of patients, by zip code
%��*���2� � ����  

�	3������3  
4�����3�	���

90066 90405 90403 90404 90049 90272 90025 90291 90064 90034 90402 90230 90024 90045 90401 " 	3������
$��	�

r m

Santa Monica Hospital 10480 1040 970 816 892 470 " 473** 632 794 462 513 338 486 169 286 307 0.82 -- 0.91

St. John's Hospital 13954 756 794 900 719 1097 892 707 370 543 391 509 266 434 295 228 0.64 0.91 —

W ashington Hospital 1958 310 32 16 20 5 4 36 74 24 80 3 140 4 58 �� 0.42 0.66 0.48

Daniel Freeman Marina 
Hospital

4041 362 53 6 15 19 10 22 279 24 35 8 180 13 419 9 0.36 0.55 0.42

UCLA Medical Center 20482 624 195 130 176 444 173 676 375 320 596 103 401 810 174 43 0.26 0.69 0.71

Centuiy City Hospital 3774 68 36 30 30 64 36 136 40 153 134 16 41 123 36 7 0.25 0.48 0.56

Brotman Medical Center 8642 354 55 32 45 23 6 47 74 105 618 7 620 32 77 9 0.24 0.47 0.34

Kaiser Foundation 
Hospital

11590 390 98 61 100 72 51 180 133 182 509 26 302 98 242 7 0.21 0.34 0.28

Cedars-Sinai Medical 
Center

36668 474 225 240 122 708 248 724 212 604 1036 146 359 1019 317 44 0.18 0.30 0.38

Daniel Freeman 
Memorial Hospital

11784 120 9 3 15 20 6 9 66 17 71 2 138 15 528 1 0.09 0.13 0.08

Centinella Medical 
Center

13051 33 17 14 11 31 17 12 28 24 52 11 79 21 463 2 0.06 0.10 0.07

LA County Harbor ~  
UCLA Medical Center

21348 181 45 13 85 11 7 45 145 38 137 17 104 43 116 23 0.05 0.07 0.05

LA County -  USC 
Medical Center

64684 197 53 21 53 19 16 121 123 81 233 12 111 49 53 26 0.02 0.37 0.03

Torrance Memorial 
Medical Center

17000 39 11 14 5 6 5 10 9 14 45 0 25 8 100 2 0.02 0.02 0.04

Little Company o f Mary 
Hospital

12945 30 2 1 0 6 6 2 5 5 9 0 5 8 86 0 0.01 0.02 0.04

" 	3������3�	����	3 ��5�� 4781 2542 2276 2235 2976 1934 3238 2604 2515 4226 1186 3146 2797 3197 695

� ������	3������3�4���6	������ 5566 2861 2500 2462 3353 2118 3838 3020 2905 5330 1308 3750 3178 3845 820

7	������-5�3���%��4	������	���� 0,092 0.206 0.25 0.228 0.19 0.25 0.133 0.121 0.125 0.093 0.238 0.084 0.193 0.074 0.227

Source: OSHPD 1993 Discharge Data and OHSPD 1993 Hospital Quarterly Data
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Table 2. Santa Monica Hospital index regressions
Dependent variable : revenue per patient day at Santa Monica Hospital
constant 7.258*

(0.0379)
8.034*
(2.517)

5.911***
(2.973)

7.049*
(1.809)

earthquake dummy 0.261*
(0.0559)

0.250*
(0.0663)

0.278*
(0.0758)

0.267*
(0.0753)

time -0.0221*
(0.0019)

-0.0226*
(0.0026)

-0.0223*
(0.0038)

-0.0221*
(0.0023)

L.A. County 
price index

— -0.111
(0.360)

-0.393
(0.569)

—

Ventura County 
price index

— — 0.133
(0.280)

—

Orange County 
price index

— — -0.134
(0.451)

—

Riverside County 
price index

— — 0.468
(0.308)

—

San Bernardino 
County price 
index

— — 0.128
(0.236)

--

Sixteen hospital 
index

0.0305
(0.264)

D-W statistic 1.717 1.690 1.789 1.722
Autocorrelation 0.377* 0.378** 0.290*** 0.374**
coefficient (0.159) (0.162) (0.174) (0.162)
Adjusted R- 
squared

0.892 0.889 0.885 0.889
Observations 37 37 37 37
Calculated with AR(1) Maximum-Likelihood 
(1978). Program: TSP.

Method of.Beach and McKinnon
Standard errors in parentheses. All variables are logged values. 
^Significant at 0.01 level. **Significant at 0.05 level. 
***Significant at 0.10 level.
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Table 4. Saint John's Hospital index regressions
Dependent variable: revenue per patient day at Saint John's Hospital
constant 6.947*

(0.0192)
8.792*
(2.386)

7.497***
(3.753)

8.165*
(2.681)

earthquake dummy -0.0095
(0.0795)

-0.0665
(0.108)

-0.278
(0.0758)

-0.0322
(0.0947)

L.A. County�
price index

— -0.267
(0.345)

-0.717
(0.691)

—

Ventura County�
price index

— — -0.0222
(0.391)

—

Orange County�
price index

— — 0.424
(0.450)

—

Riverside County�
price index

— — 0.421
(0.587)

—

San Bernardino�
County price�
index

— — -0.192
(0.385)

—

Sixteen hospital�
index

0.0305�
(0.264)

D-W statistic 1.349 1.375 1.405 1.364
Adjusted R-�
squared

-0.030 -0.0438 -0.136 -0.0569
Observations 37 37 37 37
Standard errors in�
^Significant at 0.�
***Significant at

. parentheses. All variables are logged values.�
01 level. **Significant at 0.05 level.
0.10 level.

Calculated by OLS. Note that the first, second, and third quarters of
1994 are excluded since St. John's was closed to inpatient care during
these times. Program: TSP.
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Table 5. Saint John's Hospital and regressions on thirteen similar hospitals 
Dependent variable: revenue per patient day at Saint John's Hospital
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-0.0005
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-0.0141
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-0.0131
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0.0541
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-0.0597
73�3:@98

0.0449
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-0.0166
73�3:&�8

-0.0046
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-0.0109
73�3:3@8

-0.0291
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-0.105
73�3:668

-0.0245
73�3:&�8
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�3�&�&
73�&�38

-0.125
73�&6&8

0.112
73��&38

0.118
73�&&�8

0.197
73��3:8

-0.330
73��3�8

0.425***
73���&8

0.0557
73�&368

0.0106
73�&�&8

-0.103
73�&9�8

-0.127
73���&8

-0.344**
73�&9&8

-0.127
73�&@�8

������������� 1.332 1.344 1.335 1.395 1.312 1.439 1.272 1.366 1.344 1.408 1.336 1.646 1.375
�+L*���+
,��1*���+

-0.019 -0.046 -0.052 -0.027 -0.034 0.018 0.049 -0.055 -0.063 -0.051 -0.052 0.073 -0.036
�%���������� 37 37 37 37 37 37 37 37 37 37 37 37 37
Standard errors in parentheses. All prices are logged values. *Significant at at 0.050 level. ***Significant at 0.10 level.
Calculated by OLS. Note that the first, second, and third quarters of 1994 are 
was closed to inpatient care during these times. Program: TSP.

0.01 level. ** Significant 
excluded since St. John's
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Figure 1

Earthquake Epicenter
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Figure 5

Revenue per patient day at St. John's Hospital
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