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I. Introduction 

Hospital investment decisions depend on several 
factors that are not relevant to the typical for- 
profit firm. First, most hospitals are not-for-profit 
organizations. Roughly 60% are privately owned 
not-for-profits (NFPs); about 25% are operated 
by public agencies (American Hospital Associa- 
tion 1984). The remaining hospitals are run on a 
for-profit (FP) basis. NFPs have no clearly 
defined objectives, and there is no consensus 
about their objective function (Newhouse 1970; 
Lee 1971; Feldstein 1977; Sloan 1988). 

Second, virtually all payments to hospitals, es- 
pecially for inpatient care, come from third par- 
ties rather than directly from the recipient of 
care. There are substantial intertemporal and 
geographic differences in the methods third par- 
ties use to pay for hospital care, as well as their 
generosity (Sloan and Becker 1984). Some plans 
pay on the basis of the price set by the hospital 

This study addresses 
two issues conceptually 
and empirically. How 
does hospital own- 
ership type affect hos- 
pital investment 
choices? How do dif- 
ferences in the way 
hospitals are paid- 
cost- versus charge- 
based reimburse- 
ment-affect hospital 
investment? We com- 
pute cost-of-capital 
measures for both for- 
profit and not-for-profit 
hospitals. Whether or 
not hospital depen- 
dence on cost-based 
payment stimulates in- 
vestment depends on 
the generosity of such 
payment relative to the 
economic cost of capi- 
tal. Empirically, we 
find that for-profit hos- 
pital exit/entry deci- 
sions are guided by the 
generosity of payment 
to a greater extent than 
the not-for-profits. 
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(subject to discounts) while others pay "retrospective costs" in which 
the insurer compensates the hospital for the "reasonable" costs in- 
curred on behalf of the persons they insure. Yet another system of 
payment establishes price prospectively, either by formula, negotia- 
tion, or a combination of these methods. Medicare, for one, has 
switched from a retrospective cost to a prospective payment system 
for paying hospital operating cost, but it still pays capital cost on a 
limited retrospective basis. 

At the very least, these features complicate the task of modeling 
investment behavior. This perhaps accounts for the limited work on 
hospital investment to date, an exception being the work of Ginsburg 
(1970). 

The hospital investment problem involves a wide variety of issues of 
intrinsic interest to economists as well as a unique experimental setting 
in which to analyze these issues. First, there is the opportunity to study 
the effects of organization (NFP) status on investment flows. The fact 
that NFPs coexist with proprietary hospitals offers an ideal "con- 
trolled" setting in which to study the question. Second, there is the 
opportunity to study the effects of forms of demand regulation as well 
as third-party payment on investment. The issues are similar to those 
in regulated industries, such as public utilities, and yet unique in the 
sense that cost-based reimbursement is "mixed" with other forms of 
reimbursement. Insights gleaned here may thus be applied to other 
industries, such as defense contracting, where cost-based payment al- 
gorithms by some government agencies are mixed with charge-based 
payment by private customers and some governments as well. 

This study thus addresses these issues. How does NFP status-in 
particular, differences in organizational objectives from their for-profit 
(FP) counterparts-affect hospitals' investment decisions? How do the 
unique sources of hospital revenue affect investment by both hospital 
types? Does cost-based reimbursement encourage capital acquisition, 
as argued by many in the industry? Finally, how is the trend toward 
paying hospitals on a prospective basis likely to affect investment? 

Section II presents the model for FP and NFP hospitals separately 
and solves for key features of their investment and financial behavior. 
The focus is on how cost-based reimbursement affects the hospital's 
cost of capital and on differences in decisions about investment across 
ownership. Section III deals with specific aspects of NFP hospital 
investment, emphasizing important differences unique to the NFP- 
ownership form. Section IV describes our method for developing em- 
pirical estimates of the cost of capital for both FP and NFP hospitals by 
state and year over the time interval 1974-82. Section V presents 
econometric tests of the role of the cost of capital on hospital entry/exit 
and investment. Finally, Section VI concludes the article with a discus- 
sion of the theoretical and policy significance of our work. We exclude 
analysis of public hospital behavior in what follows. 
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II. The Model 

The assumptions that define both FP and NFP investment models are 
similar and are presented simultaneously in order to facilitate compari- 
son. 

1. Objectives. FP hospitals maximize the market value of the hos- 
pital as defined by the summed market value of hospital debt and 
equity; however, NFP hospitals maximize the discounted present 
value of the flows of utilities realized by hospital administrators, the 
board, and medical staff, where utility is a function of both quantity 
and quality of output (as defined below).1 The discount rate used to 
discount flows of utility in the NFP case need not be the same as the 
rate used to capitalize proprietary cash flows. In what follows we dis- 
tinguish between these two rates using R to denote the FP discount rate 
and R' to denote the NFP time rate of preference for utility. 

2. Demand. The hospital's inverse demand curve for services is a 
weighted average of the demand of three types of payers: (1) insured 
charge-based payers, who pay the hospital a price which is a decreas- 
ing function of the quantity of charge-based patients served as well as 
quality, as defined below; (2) cost-based payers, who reimburse the 
hospital for its variable costs and reimburse hospitals for their capital 
costs according to a preset formula; and (3) self-insured (uninsured) 
payers, who also pay according to the hospital's charge schedule but at 
a greater discount than insured charge-paying patients (Ginsburg and 
Sloan 1984). Traditionally, charge-paying insurance has been less com- 
plete than the cost-based variety. For this reason, consumers covered 
by charge-based insurance are responsive to price. Thus, the insured 
charge-based demand curves, as well as the uninsured demand curves, 
slope downward for the usual reason.2 We assume that the cost-based 
demand curve has an elasticity of zero. Mathematically, the formula 
for the hospital's inverse demand curve is given by 

P A =P(.)+ ( X + r + K) + (1 - a) - p )p, (1) 

where 

p' = weighted average price; 
P = proportion of hospital receipts from charge-based payers; 
p = market price of output (charge-based price); 

1. This is the same assumption made by Newhouse (1970) and Feldstein (1977). For 
the sake of focus, we do not consider the possibility that administrators, boards, and 
medical staff have different or conflicting objectives. 

2. Since 1982, there has been growth in charge-paying insurers; e.g., health mainte- 
nance organizations and preferred provider organizations, which obtain sizable dis- 
counts from charges. These insurers had negligible market shares during the period 
covered by this study and therefore are not considered here. We treat Medicare reim- 
bursement as cost-based. 
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(x = proportion of hospital receipts from cost-based payers; 
w = wage rate; 
L = level of labor input; 
X = quantity of output; 
r = weighted average return on debt and equity paid by cost-based 

payers; 
q = price of capital good; 
K = level of capital inputs; 
Zi = present value of depreciation reimbursed by cost-based payers 

per dollar of investment; 
I = level of investment expenditure; and 
,r= proportion of p paid by uninsured patients. 

Both NFP and FP hospitals face the same inverse demand curve.3 
3. Production. Both types of hospitals use capital (K) and labor (L) 

to produce quantity (X) and quality (Y) with production technologies 

X = F(K,L) (2) 
and 

Y = G(k,O), (3) 

where k = KIX (capital intensity) and f = LIX (labor intensity).4 
4. Finance. Investment capital for FP hospitals may be obtained 

from any of three sources: (1) retained earnings, (2) stock issue, or (3) 
debt issue. However, we assume perfect certainty; the hospital's op- 
timal mix of funding depends on the associated tax liabilities of inves- 
tors and its level of tax shields (DeAngelo and Masulis 1980). We 
assume that all investment expenditures by FPs are financed with the 
optimal mix of funding so defined.5 Funds for investment for NFP 
hospitals can be generated from either of two sources, (1) retained 
earnings or (2) debt issuance. Technically speaking, NFP hospitals can 
also obtain investment funding from government grants or phi- 
lanthropy, but these sources of funding have largely disappeared 
(Cohodes and Kinkead 1984) and thus are not considered here.6 

3. In the calculations that follow, the payer shares are assumed to be optimized at the 
margin in order to maximize average revenues. Moreover, an internal solution to the 
problem is assumed to exist so that, e.g., P,, = 0 at all points in time. The significance of 
this assumption lies in the fact that the envelope theorem implies that if hospitals con- 
tinuously maximize with respect to payer shares, these shares can be treated as exoge- 
nous in the derivation of optimal capital stock. This point is reiterated in the calculations. 

4. This input-oriented specification of quality has been used by Newhouse (1970), 
Feldstein (1977), and others in studies of hospital behavior. 

5. Under a more realistic scenario incorporating uncertainty, the risks of bankruptcy 
would also have an impact on the funding decision (see Wedig, Sloan, Hassan, and 
Morrisey 1988). However, this added refinement would not affect any of the key results 
to follow. 

6. Failure to measure the cost and level of philanthropy should not bias our measure of 
the cost of capital because (1) the share of philanthropy is very small, and (2) hospitals 
set the marginal cost of philanthropy equal to cost of other funding sources, the costs of 
which we do measure. 
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The Proprietary Case 

Given assumptions 1-4 above, the FP hospital's investment problem 
can be solved using the technique of optimal control. Without any 
theory to guide the costs of adjustment, the technique chosen here 
ignores such costs. We estimate the costs of adjustment empirically, 
using a distributed lag as in Jorgenson (1963). 

The FP hospital is like any other firm with respect to its financing, 
and this behavior is already well understood. For-profit financing pro- 
ceeds according to the standard theory of optimal capital structure, 
which in turn determines its cost of funds, R. 

Under our model, the FP hospital's problem can be written as 

max e-Rt{(1 - T)[p'F(K,L) - wL] 

- q(1 - 4j)I + TZqI}dt, 

subject to 

K = I - SK, (4a) 

and where 

+ = investment tax credit available to FP hospitals; 
Z = present value of depreciation allowance for corporate tax pur- 

poses (distinct from Z'); 

and 

(, = XP X ) + qZ1I + (1 - a - Pap. (1) 

Equation (4a) gives the basic differential equation guiding move- 
ments in the stock of capital, while (1) reiterates the basic demand 
constraint facing hospitals. 

The solution to (4) subject to the constraints (4a), incorporating the 
above assumptions, yields this first-order condition for the hospital's 
stock of capital: 

pFK + py YkX + PXXKX 

q(R + 8)(1 - TZ) -(1- )ot[r + Z' (R + 8)] (5) 

qV (1 - )[I3 + (1 - - 13)r] 

Details of the derivation of marginal conditions for capital in both FP 
and NFP sectors are presented in an appendix available from the au- 
thors. 

Intuitively, equation (5) instructs the hospital to set the marginal 
revenue product of capital equal to its marginal input price. The right 
side of (5) represents a modified cost of holding capital inputs, where 
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the modification incorporates the peculiar elements of cost-based reim- 
bursement. The first term in the numerator on the right side of (5) is the 
standard Jorgenson cost of capital, incorporating the various tax- 
related incentives to hold capital as well as the interest and deprecia- 
tion rates, while the second numerator term measures the reimburse- 
ment that cost-based payers allow for capital expenses. If there were 
no cost-based reimbursement, a would equal zero, and the hospital's 
cost of capital would just be Jorgenson's cost of capital. 

Equation (5) can be further refined to account for some additional 
institutional characteristics of hospital payment. Blue Cross, the main 
private insurer that often reimburses on cost, sometimes pays a plus (-y) 
on reasonable cost (excluding cost of equity) as a partial return on 
equity. In addition, mainly because of bad debts, insured charge-based 
patients paid 96% and uninsured patients only paid 72% of hospital 
charges in 1981 (Ginsburg and Sloan 1984). Although these percentages 
have undoubtedly varied over time, no data are available to document 
this. Equation (5) then can be rewritten as 

EK + Py YkX + PXXKX 

- _ ((R + 8)(1 - -/Z) -(1 - T)(Ot + y BC)[r + Z' (R + 8)] 
P (1 -v) [.9613 + (1 - a - 13) (0.72)] 

p 

(5a) 

where BC equals the proportion of revenue from Blue Cross cost- 
based plans, and (cip) is henceforth referred to as the cost of capital. 

The effect of cost-based payer dependence on capital acquisition is 
ambiguous. Its sign depends on the relative generosity of cost-based 
payment compared to the hospital's true economic or "Jorgensonian" 
cost of capital. Specifically, it can be shown that if the effective return 
that the hospital's cost-based payers allow exceeds the hospital's 
Jorgensonian cost of capital, then marginal increases in cost-based 
share should stimulate capital acquisition and vice versa.7 Intuitively, 
this occurs because a marginal increase in cost-based share represents 

7. This can easily be shown by differentiating the right side of (5) with respect to the 
proportion of cost-based payers, at. This result stands in interesting contrast to the 
prevailing wisdom held by industry "practitioners," which holds that cost-based reim- 
bursement reduces the hospital's cost of capital and hence always encourages capital 
acquisition. The present result shows that such a claim rests on the assumption that 
either cost-based payment (a) reduces financial risk (a factor not considered in our model 
of perfect certainty) or (b) is paid so generously that it exceeds the economic cost of 
capital. 
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a substitution of cost-based for charge-based revenues. Whenever the 
cost-based return on capital exceeds its Jorgonsonian cost, cost-based 
payers return more than charge-based payers at the margin and the 
substitution encourages capital acquisition. While cost-based reim- 
bursement possibly introduces a distortion on capital input use, there is 
no parallel distortion on the labor side (except through the insurance 
effect on quantity and quality) since the cost payer always pays the 
market wage, no more or no less. Thus, one implication of this 
modified Averch-Johnson (1962) result is that cost-based payers who 
pay the hospital something other than its Jorgensonian cost of capital 
induce the hospital to use an allocatively inefficient capital-to-labor 
ratio. 

III. Extensions to Not-for-Profit Hospitals 

Perhaps the biggest obstacle in extending the FP hospitals results is 
delimiting the number of possible objectives that NFPs may have. A 
general approach, and the one utilized here, is to extend Feldstein's 
(1977) model of quantity and quality maximization. Using his assump- 
tion that NFP hospitals maximize a utility function in the quantity and 
quality of care, we model the effects of reimbursement methods on 
investment and compare the results to those obtained under profit 
maximization. 

Formally, then, we assume that hospital behavior and constraints 
are summarized by the above assumptions. Thus the hospital chooses 
quantity (X) and quality (Y) to 

max { eR'tU(X, Y)dt, (6) 

subject to a break-even constraint 

p' + d =AC, (6a) 

where d equals the hospital's net borrowing per unit of output [D/F(-)], 
and AC equals average cost: 

AC wL + + TB 
~~~~~~(6b) 

(X X X)'(b 

where T equals the market interest rate on debt, and B equals the 
hospital's stock of debt. 

Finally, (6) is also constrained by the differential equations 

K = I - AK, (6c') 

and 

B = D. (6c") 
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Substituting (6b) and (1) into (6a), the constraints defined above 
collapse into a single constraint expressing the hospital's labor-to- 
output ratio (or labor intensity) as a function of its level of investment 
net borrowing and other variables. Thus, (6a)-(6b) and (2) become 

-e [a + (1- - P)ir]p + o(rb + Zqi) + d - qi-rb (6d) 

Finally, substituting this constraint together with (6c) and the pro- 
duction function relationships (2)-(3) into the original objective func- 
tion, the NFP hospital's problem can be rewritten as 

00 
max e R t ufF(K,L), 

?0 L_ (6e) 

G kg [I + (I - ot - P~lp + ot(!rb + Zqi) + d - qi - !rb dt 

subject to constraints (6c') and (6c"). 
The NFP hospital's first-order condition for capital is 

u>2, (U1 I XKX + U2T Yk + U2 Ye(PXXKX + p y YkX) ) 

= q(R' + 8) - o[Z(R' + 8)] (7a) 

f + (1 - a- 

where 

i = In + (1 - a - )s 

Its marginal condition for borrowing is 

R = (1 - a)r. (7b) 

As in the proprietary case, equation (7a) instructs utility-maximizing 
hospitals to set the marginal value (in this case, utility) of capital equal 
to its marginal cost or shadow price. The difference in this case is that 
the marginal value of capital is measured by its contributions to hospi- 
tal quantity and quality, adjusted by the factor (wIU2Ye) to convert 
utility units into dollar terms. The tax policy parameters for the NFP 
hospital are zero. 

Like the proprietary hospital, the NFP institution's cost of capital is 
a modified Jorgensonian cost, where, as before, the hospital's reliance 
on cost-based payers ambiguously affects the shadow price of capital. 
Indeed, the only difference between the right side of (5) compared to 
the right side of (7a) are (i) the absence of tax parameters and (ii) the 
absence of an explicit return on assets paid by cost-based payers.8 As 

8. Of course, cost-based payers do allow a "pass through" of debt service and in this 
sense allow a return on assets. This return does not appear on the right side of (7a) 
because the model does not make this payment contingent on the level of physical assets 



Hospital Investment 525 

before, the effects of cost-based reimbursement on capital acquisition 
are ambiguous, the sign depending on the relative generosity of cost- 
based reimbursement compared to the true economic cost of holding 
capital (R' + 8). 

Condition (7b), which gives the hospital's marginal condition for 
borrowing, indicates that the hospital sets the marginal cost of debt and 
equity financing equal to one another in deciding its optimal funding 
mix. The interesting aspect of this condition is the fact that the cost of 
debt is discounted by (1 - a) in comparing it to the opportunity cost of 
hospital-generated equity. This reflects the simple fact that cost-based 
payers do not pay NFP hospitals a return on invested equity although 
debt expenses are passed through.9 Thus the effective cost of debt is 
discounted by a factor equal to (1 - oa). 

More important are the effects of these unique characteristics of 
hospital finance on the hospital's investment decisions. Inspection of 
(7a) shows that the NFP cost of funds differs from the normal propri- 
etary case in that it is measured by the discount rate applied to utility 
flows. Assuming that the costs of debt and equity are equal at the 
margin, this parameter is an accurate measure of the overall marginal 
discount rate applied to utility flows. Clearly this measure of the cost of 
funds may differ from the FP hospital's measure, which is constructed 
from the average tax-adjusted costs of debt and equity. Specifically, 
the NFP hospital's tastes for immediate consumption of utility will 
tend to raise its costs of funding and vice versa. 

Finally, in the absence of significant levels of risk, (7b) may not hold 
as an equality with (1 - ot)T < R' at the margin. If so, hospitals would 
use 100% debt finance, and their cost of funds would be the cost of 
debt. 'O 

IV. Cost of Capital Estimates 

We developed cost of capital estimates for FP and NFP hospitals based 
on equations (5) and (7a). Measures of (cip) were developed for 49 
states (excluding Alaska and Hawaii but including the District of Co- 
lumbia) for the years 1974-82, separately for FP and NFP hospitals. 

Parameters that vary over time and by state are the frequency distri- 

the hospital holds. In reality the debt expenses associated with physical assets only are 
allowed in that a complicated series of rules disallows earnings on financial assets. 
Below, the calculation of the NFP cost of capital acknowledges this by including the debt 
service payment in the cost-based reimbursement level for physical assets. 

9. We discuss the nature of the bias cost-based payers inject into the NFP hospital's 
borrowing decision in greater detail in a recent article. See Wedig et al. (1988). 

10. The theoretical possibility of 100% debt finance and its implications for the cost of 
funding are emphasized here to reflect the fact that so much of recent NFP funding has 
been through the use of debt. See Cohodes and Kinkead (1984) for a discussion of trends 
in hospital debt-versus-equity financing. 
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bution of payer shares by type of payer (commercial insurers, which 
always pay charges; Blue Cross, which is classified according to 
whether the plan paid cost or charges; Medicare and Medicaid, which 
always paid cost; and self-pay), output price, and-,for Blue Cross cost 
plans, depreciation policy and the plus factor. 

Data on payer shares came from several sources. Data on private 
payer benefit payments for hospital care came from annual issues of 
the Health Insurance Association of America's Source Book of Health 
Insurance Data (1974-82). Data on payments for hospital care by Med- 
icare and Medicaid were drawn from various publications by the Social 
Security Administration and the Health Care Financing Administra- 
tion. Data on spending for hospital care, needed to compute the payer 
shares, came from American Hospital Association's (AHA) "Annual 
Hospital Survey" (1974-82). We determined whether the Blue Cross 
plan paid on a cost- or charge-basis and the Blue Cross plan deprecia- 
tion policy and plus factor from unpublished surveys of Blue Cross 
plans.11 Although there has been considerable interstate variation in 
the cost-based share for decades, there was no trend in this share 
during 1974-82, but the share of revenue from self-pay sources in- 
creased. 

The output price came from unpublished "Annual Hospital Survey" 
(1974-82) data aggregated by state and year with 1977 = 1.0 and New 
York the base state. Our index of investment-good prices is by region 
and year. We used unpublished construction-cost data by nine census 
divisions and years from the U.S. Bureau of Economic Analysis. We 
used annual data for the equipment component of the index from the 
Survey of Current Business. Equipment prices do not vary by region. 
We assigned weights derived from investment data from the 1982 "An- 
nual Hospital Survey" to combine the construction and equipment 
indexes and set the Middle Atlantic census division and 1977 equal to 
1.0. 

We computed the real cost of funds from 

R = Wd[(l - T)i - I] + (I - Wd)e, (8) 

where 

Wd = debt as a proportion of sum of debt and equity; 
Ir = inflation rate (percent change in Consumer Price Index); 
e = real cost of equity; and 
i = effective interest rate (weighted average of taxable and tax- 

exempt bond rate). 

11. Data on Blue Cross plans came from periodic surveys of Blue Cross plans con- 
ducted by the American Hospital Association for 1974, 1976, 1979, 1981, and 1983. We 
had to interpolate values for the intervening years. 
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For proprietaries, we calculated the real cost of equity using a divi- 
dend growth model, which is based on dividend and growth in earnings 
of five large hospital companies.12 The real cost of equity capital for 
NFP hospitals presumably reflects the opportunity cost to the hospital 
of investing in itself rather than outside the hospital. We took the 
Moody's AAA bond yield to represent this opportunity cost.13 If mea- 
surement of equity cost to a for-profit organization is controversial, the 
underlying issues are even less settled in the context of nonprofit in- 
stitutions. 

Estimates of several tax-related parameters were needed for cal- 
culating the cost of capital to proprietaries. To compute the corporate 
tax rate (X), we assumed a constant rate of 0.4. To derive this rate, we 
examined effective corporate tax rates for the five largest hospital com- 
panies from 10-K reports and found very small intertemporal or inter- 
company differences about 0.4. Values of t, the investment tax credit 
(ITC) term, were obtained from 10-K report data on the effective rela- 
tionship of credits to net investment from one large hospital company. 
We allowed the ITC to vary by year. Finally, to calculate the present 
value of depreciation per dollar of investment for tax purposes (Z), we 
assumed hospitals used an accelerated depreciation method and we 
took allowable useful lives for plant and equipment from Commerce 
Clearing House (1983). 

Next, measures of the parameters of cost-based payment were con- 
structed. Estimates of the present value of depreciation payments (Z') 
vary by payer. Medicare and Medicaid depreciation policy was uni- 
form during the observational period, but policies of Blue Cross plans 
varied markedly, both cross-sectionally and over time. In addition, 
both FP and NFP hospitals had their debt expenses passed through 
although Medicare-Medicaid's explicit payment on equity was re- 
served for proprietaries. Blue Cross, on the other hand, granted a cost- 
plus factor to all hospitals in some states. 

Annual estimates of the cost of capital are shown in figure 1. The 
cost of capital generally declined during the 1970s, largely due to sub- 
stantial increases in the output price (p). Feldstein (1982) found similar 
trends in cost of capital during much of the 1970s for the economy as a 
whole. The estimated cost of capital to FP hospitals is sensitive to the 
method used to compute the cost of equity capital. Using the dividend- 
growth model yields a very low cost of equity capital to FP hospitals. 
With a bond-based measure of equity cost, trends for the FPs and 

12. To calculate the equity cost from the dividend growth model, we used a 3-year 
moving average of earnings growth. 

13. The simple correlation of this series with the dividend-to-equity ratio (book value) 
for the United States as a whole, 1974-82, is 0.23. A dividend ratio has often been used to 
represent the cost of equity capital in studies of the U.S. economy (see Bosworth 1985). 
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FIG. 1.-The cost of capital, 1974-82 

NFPs are similar even though the cost of capital to FPs is generally 
appreciably higher. We found substantial interstate differences in cost 
of capital with states with high proportions of cost-based payers gener- 
ally having the highest values. 

Given the many variables that enter our cost-of-capital calculation, it 
is difficult to deduce which variables account for most of the variation 
in (cip). To assess sources of variation in (cip), we estimated (cip) 
equations separately for FP and NFP hospitals. Judging by the levels of 
statistical significance in the two equations for (cip), the most impor- 
tant variables are the cost-based revenue share (a), a positive effect, 
output price (p), a negative effect, the real cost of funds (R), a positive 
effect and the self-pay proportion of total hospital revenue, a positive 
effect. The cost-based share has the greatest explanatory power. With 
this variable entered alone, the R2 is 0.38, in the FP (cip) equation, 
compared to 0.84, with all components of the cost of capital formula 
added, and 0.48, in the NFP hospital (cip) equation, out of a total 
explained variation of 0.75. Further details on our calculations of the 
cost of capital are available from the authors. 
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V. Empirical Analysis 

Exit-Entry: Rationale and Specification 

We divided our empirical work into two broad parts. First, we tested 
the hypotheses that proprietary hospital investment decisions are 
guided by the cost of capital measure developed above and that NFP 
investment preferences are interdependent with FP behavior. To test 
these hypotheses, we ran tests of both the likelihood that proprietary 
hospitals are found in given states as well as their share of beds in a 
given state as a function of the state-specific cost of capital prevailing 
in the area. 

More specifically, we related (1) the probability that proprietary hos- 
pitals will locate in a state and year and (2) the fraction of proprietary 
beds to total beds in the state and year to several explanatory vari- 
ables: cost of capital (cip); state regulatory programs; real state per 
capita income; and a measure of state liberalism. The regulatory vari- 
ables describe the share of hospital revenue covered by young (less 
than 3 years of age) or mature (older than 3 years) state prospective 
payment programs (price control programs over hospitals) and by 
certificate of need programs of various ages (entry controls). All of 
these programs are described in more detail elsewhere (Sloan 1981). 
State liberalism is a proxy for political bias against corporate medicine 
and was measured by the fraction of votes by state against George 
McGovern in the 1972 presidential election. 

The probability equations were estimated with probit. One time- 
series cross-section bed-share regression included state binary vari- 
ables (fixed-effects model). Data on beds came from reports published 
annually by the American Hospital Association (now published annu- 
ally in Hospital Statistics). Using this fixed-effects specification, we 
accounted for various historical reasons for hospital location decisions 
that have nothing to do with cost of capital or the other included 
independent variables. We had to drop the state variables from the 
probit analysis because there was too little intertemporal variation in 
the presence or absence of FP hospitals in a state. We emphasized 1982 
in our empirical work since this is the most recent year in our data set. 

We also compared mean values of (cip) for hospitals in different 
ownership categories and by whether they were affiliated with a chain 
or were independent. To the extent that FP hospitals' investment deci- 
sions are particularly sensitive to the cost of capital, they should be 
concentrated in areas with low (cip). Therefore, we would expect 
mean (cip) to be relatively low for proprietary hospitals. Data for this 
test came from unpublished microdata from the 1982 AHA "Annual 
Hospital Survey" and from a special survey of multihospital systems 
conducted in 1983-84 by the American Hospital Association. 
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TABLE 1 Empirical Results: Proprietary Hospital Bed Share 

Probability That 
State Has 

Proprietary Bedsa Proprietary Share (Share > 0)b 

1976-82 1982 1976-82 1982 
Explanatory 
Variables (1) (2) (3) (4)c (5) (6) 

c/p - 2.846* - 13.444** -.411* -.115* -.914* -.909*** 
(1.057) (6.191) (.104) (.023) (.475) (.533) 

PRY 1.981 - 39.306 - .088** - .015 ... ... 
(1.285) (53.415) (.040) (.011) 

PRO .704 1.142 - .110* - .027*** - .045 - .043 
(.441) (1.331) (.029) (.014) (.050) (.057) 

PRECON - .432 ... - .029 - .001 
(.300) (.029) (.005) 

CONNEW - .380 1.001 - .023 -. 001 - .106 - .121 
(.295) (5.990) (.022) (.005) (.079) (.083) 

CONOLD .171 - 1.399 .015 -.002 -.037 -.041 
(.254) (5.391) (.019) (.007) (.070) (.072) 

RINC (000) -.346* -.180 .019* -.008 ... -.002 
(.098) (.346) (.008) (.005) (.018) 

REPUB ... 1.154 ... ... ... -.114 

(3.246) (.138) 
CONS 3.324* 4.071 .029 .286* .225* .315* 

(.655) (6.581) (.050) (.041) (.072) (.163) 

R2 ... ... .21 .97 .35 .37 
F-statistic ... ... 7.55 206.81 3.19 2.12 
N 343 49 203 203 30 30 

NOTE.-c/p = real cost of capital; PRY = fraction of hospital revenues covered by mandatory 
prospective payment program less than three years of age; PRO = fraction of hospital revenue 
covered by mandatory prospective payment program three years of age or older; PRECON = 1 for 
the year before a certificate-of-need program was implemented and the first year past implementation; 
CONNEW = 1 for the second and third years of a certificate-of-need program; CONOLD = 1 for the 
fourth and subsequent years after implementation of certificate of need; RINC = per capita personal 
income deflated by a state price index; REPUB = fraction of the vote against McGovern in the 1972 
presidential election; CONS = intercept. SEs are given in parentheses. 

a Estimated with probit. 
b Only states with positive proprietary shares in all years are included. 
c Variant contains state dummies. 
* Statistically significant at 1% level (two-tailed test). 
** Statistically significant at 5% level (two-tailed test). 
* Statistically significant at 10% level (two-tailed test). 

Exit-Entry: Empirical Results 

The cost of capital affects both the probability that a state had any 
proprietary hospital beds (regressions 1 and 2, table 1), and for those 
states with beds, the share of total beds in nonfederal, short-term gen- 
eral hospitals (a category that includes most hospitals but excludes 
hospitals with mean lengths of stay of over 30 days) under FP own- 
ership. Although the coefficients of (cip) vary in table 1, this variable 
has a statistically significant effect at the 5% level or better in five out 
of six regressions (two-tailed test) and is significant at the 10% level in a 
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1982 single cross-section of bed-share regressions (regression 6), which 
is based on many fewer degrees of freedom. Elasticities computed at 
the mean are - 0.448, - 0.125, - 0.757, and - 0.753 for the third 
through sixth regressions, respectively. The lowest elasticity is from 
the fixed effects specification (regression 4). We were concerned that 
results on (cip) may merely reflect omitted state effects, but the result 
stands even in the fixed-effects model. There is some indication that 
price regulation of hospitals retarded proprietary share (see table 1, 
nos. 3 and 4) but, as in past studies, certificate-of-need programs, 
which require hospitals to obtain formal approval from a state agency 
before entering, have no influence on either dependent variable (see 
Sloan [1981, 1982] for a review). 

We also estimated share equations for NFP hospitals. The (cip) 
variable consistently had a significantly positive effect on market 
share. An explanation for this result is that the residual claimants of 
NFP hospitals, local community leaders, board members, doctors in 
the community, and local philanthropists do not compare returns of 
alternative investments geographically and over time. Rather, they 
pick up the slack of FP lack of entry resulting from high values of (cip). 
Surely residual claimants living in Peoria would not be indifferent be- 
tween two hospitals in Peoria, one in Tampa and one in Peoria, and two 
in Tampa. The owners of a hospital company would prefer two in 
Tampa and none in Peoria if the prices justified this allocation decision. 

We compared the mean cost of capital in 1982 by hospital ownership 
and affiliation in order to further test the hypothesis that proprietary 
hospitals locate where this cost is lowest. The measure of (cip) for 
proprietaries was used for all hospital types so as not to introduce 
variation in the means from this source. Our cost of capital measures 
for the two ownership types are highly correlated (corr = 0.9).14 As 
seen in table 2, the mean (cip) for proprietary hospital chains was much 
less than the (cip) for all other hospitals, including independent 
nonprofit hospitals and hospitals owned, sponsored, or leased by an 
outside nonprofit organization (nonprofit chain). Moreover, the mean 
value of (cip) was significantly higher (5% level or higher) for indepen- 
dent nonprofit hospitals than for the other hospital types shown in table 
2. Finally, the 1982 (clp) of hospitals contract managed by proprietary 
organizations was almost the same as the value for hospitals contract 
managed by private nonprofit organizations and over a percentage 
point higher than (cip) for the proprietary chains. This is not at all 

14. This correlation is very high even though the for-profit and NFP cost of capital 
were computed using different assumptions about the cost of equity. We also computed 
two sets of cost of capital estimates for for-profit hospitals using alternatives as the bond 
rate and the dividend growth models, and estimates were very close. The two series are 
available from the authors. As noted above, the main source of variation in (cip) is 
attributable to differences in the cost-base share. This variable is well measured. 
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TABLE 2 Mean Cost of Capital by Hospital Ownership, 1982 

Private Nonprofit Proprietary 

Contract Contract 
Independent Chain Managed Independent Chain Managed 

.109 .090* .085* .088* .072 a* .086* 
(.076) (.039) (.026) (.040) (.020) (.035) 

NOTE.-SES are given in parentheses. 
aMean significantly different from mean for private, not-for-profit chain hospitals. 
*Mean significantly different from mean for private, not-for-profit independent hospitals (5% 

level). 

surprising since such companies manage such hospitals for a fee; they 
do not invest in them. Thus, results from table 2 strongly support the 
table 1 findings based on regression analysis. 

Net Investment per Private Not-for-Profit Hospital: 
Rationale and Specification 

Although we felt we could learn a lot about investment behavior and 
the importance of our cost of capital measure to FP hospitals by look- 
ing at the probit and share equations, we also sought to validate the 
relevance of our cost of capital measure for NFP hospitals directly. 
Thus, in the second part of our empirical work, we estimated equations 
for real net investment per hospital for NFP hospitals only. Unpub- 
lished investment data by state and year, 1976-82, derived from "An- 
nual Hospital Surveys," were obtained from the American Hospital 
Association. A parallel analysis for FP hospitals was not possible be- 
cause there were so many nonresponses to the surveys. 

We brought the marginal condition given in equation (7a) into opera- 
tion by assuming that the marginal product of capital in the production 
of both quantity and quality is an exponential function of the ratio of 
quantity to capital, that is, 

XK = YK - ( FX )P ' (9) 

where p is some arbitrary parameter. Holding the output-to-labor ratio 
constant, this assumption generates an investment specification that is 
identical to a Jorgenson-type flexible accelerator (Jorgenson and 
Stephenson 1967) using a Cobb-Douglas or CES technology, where 
or = 1/(1 + p) is the elasticity of substitution. 

We specified the dependent variable to be mean NFP hospital invest- 
ment expenditures deflated by a Bureau of Labor Statistics investment- 
goods price index. We considered two alternative measures of hospital 
output-adjusted patient days (the adjustment converts outpatient 
visits into inpatient equivalents) and real hospital revenue, where the 
deflator was a measure of cost of living in the state with New York in 
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1977 = 1.0. The revenue measure recognizes qualitative differences in 
output of the type that our nonprofit model sought to capture. 

Rather than estimate nonlinear regressions, we estimated investment 
equations by ordinary least squares, assuming alternative values for or. 
Likelihood-ratio tests were then performed to test for differences in 
results based on alternative values of or. 

Since the flexible accelerator model includes output terms, (cip) only 
affects capital stock via a substitution effect. But the cost of capital 
may also affect quantity (and quality). Finally, note that the hypothe- 
sized effect of the cost of capital measure on NFPs is not unrelated to 
the findings in the first part of our work. As noted above, a finding that 
NFPs respond to the behavior of proprietaries would tend to diminish 
the anticipated negative impact of the cost of capital on their invest- 
ment flows. 

Net Investment per Private Not-for-Profit Hospital: 
Empirical Results 

We applied the flexible accelerator model (Jorgenson and Stephenson 
1967) in the analysis of real net investment per NFP hospital by state 
and year 1976-82, using asset data from 1974 and 1975 for lagged 
variables and allowing the elasticity of substitution parameters, a, to 
vary between zero and one (table 3). The odd-numbered regressions 
are based on output measured by the change in adjusted patient days. 
Even-numbered regressions use real revenue-based output change. 
The results, based on a specification with as set equal to one, show 
negative output change terms and are implausible with either output 
measure. Conversely, the real revenue change results for oa equal to 
zero are plausible, but the adjusted patient-day change terms are im- 
plausibly negative. Far better results on adjusted patient-day change in 
terms of the estimated coefficients and statistical significance were 
obtained with a- assumed to be greater than zero and less than 0.2. The 
even-numbered regressions are about the same with cr in the 0-0.15 
range. The coefficients on lagged investment are uniformly negative, 
statistically significant, and stable across regressions. The size of the 
coefficient (-0.4) implies that the capital stock value converges to a 
new equilibrium value after the hospital system has been subjected to 
an exogenous perturbation. 

We performed a likelihood-ratio test to determine whether the u- 
equal-to-one specification could be rejected in favor of a technology 
with a lower c, but the x2s were always below the threshold for statisti- 
cal significance at conventional levels. We suspect the reason is that 
the state dummy variables picked up most of the unexplained variation 
due to misspecification. In any case, it seems best to rely on the 
specifications based on relativley low a, as these specifications have 
more plausible coefficients. In earlier specifications, we also included 
the regulatory variables shown above in table 1. These variables, taken 
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TABLE 4 Real Net Investment per Private Not-for-Profit Hospital 

Alternative Specifications 
(N= 336) 

Explanatory 
Variables (1) (2) 

A(clp) 996,894 ... 
(1,301,920) 

A(clp)_1 - 1,428,176 - 1,711,954** 
(1,051,497) (983,306) 

NINV1 -.354* -.352* 
(.057) (.057) 

CONS 2,093,883 2,095,407* 
(485,114) (484,758) 

R 2 .291 .290 
F(52,284) 2.29 2.32 

NOTE.-Coefficient on state dummies and time dummy for 1978 included in both the regressions 
but not presented here in the table. 

*Significant at the 1% level (two-tailed test). 
**Significant at the 8% level (two-tailed test). 

as a group, did not reduce unexplained variance by a statistically 
significant amount and were subsequently dropped. 

With low values of o-, there is a small substitution effect from the 
cost of capital operating on desired capital stock. To determine the 
effects of the cost of capital on real investment per NFP hospital when 
(cip) is allowed to affect output (uncompensated for output change), 
we estimated investment equations with the change in (cip) and its lag 
(table 4). With both (cip) change variables included, the (cip) parame- 
ter estimates vary in sign. With only lagged (cip) included, the cost-of- 
capital is negative and statistically significant at the 8% level (elasticity 
= -0.014 at mean real investment for a 1% change in [cAp]). 

These findings are not surprising, given the results of the share equa- 
tions. That is, the expected negative impact of the cost of capital mea- 
sure is at least partially confounded by the fact that NFPs take up the 
slack left by exiting proprietaries. The fact that a marginal negative 
effect persists in the NFP investment equations attests to the validity 
of the cost-of-capital measure as well as the fact that proprietary hospi- 
tals are a minority in the industry, so that their investment decisions do 
not completley confound the results found for the NFPs. 

VI. Concluding Remarks 

The expressed purpose of this study has been to answer a number of 
important questions about the investment behavior of the hospital in- 
dustry. These included the question of how not-for-profit organiza- 
tions' objectives affect the costs as well as the incentives for undertak- 
ing investments and also the question of how the unique payment 
mechanisms used in the industry affect its investment flows. 
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Most of what was learned about the effects of payment mechanisms 
on investment incentives was presented in the theoretical section. 
Here, a modified Averch-Johnson (1962) result was derived that ac- 
counted for mixed forms of payment and emphasized the importance of 
the relative generosity of capital payment algorithms compared to the 
hospital's true economic cost of capital in deriving the effects of cost- 
based reimbursement on investment. Another notable result was the 
fact that the more general objectives pursued by NFP hospitals do not 
affect their cost of capital; rather it was found to be of the same general 
form as for the proprietaries' cost. Although objectives plausibly differ 
between the FP and NFP forms, as we have shown, standard invest- 
ment theory can provide a way to identify factors that affect for-profit 
and not-for-profit growth in both cases. 

Conversely, most of what was learned about the effects of hospital 
preferences on the marginal value placed on capital was found in the 
empirics. Here we found that proprietaries behave very much accord- 
ing to the neoclassical theory of the firm, entering and existing areas 
according to the relative magnitude of the cost-of-capital measure com- 
puted in the theory section. Perhaps more interesting, our results also 
indicated that NFP hospitals make up the slack left by exiting pro- 
prietaries, providing some evidence that their investment preferences 
are at least partially guided by the behavior of their proprietary 
counterparts. 

Finally, the results obtained here are of potential value for under- 
standing the likely effects of the growing use of stringent prospective 
payment systems of payment, as characterized, for example, by Medi- 
care's Prospective Payment System. There is widespread concern in 
the industry that not-for-profit institutions will suffer the burdens of 
reduced payments by such payers disproportionately compared to 
their proprietary counterparts. This concern is based on the assump- 
tion that proprietaries are better able to adapt to such changes and are 
more financially viable institutions to start with. 

Our results at least partially confirm these concerns in the sense that 
we see strong evidence of capital mobility on the part of proprietary 
hospitals. The logical implication of these results suggests that for- 
profit hospitals would increasingly locate in areas less subject to pro- 
spective payment (i.e., areas with small elderly populations) leaving 
their NFP counterparts to deal with the difficulties of increasingly less 
generous sources of payment. 
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