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Hospital Multifactor Productivity: A Presentation and 
 
Analysis of Two Methodologies
 

Jonathan D. Cylus and Bridget A. Dickensheets, M.A. 

In response to recent discussions regard­
ing the ability of hospitals to achieve gains 
in productivity, we present two method­
ologies that attempt to measure multifactor 
productivity (MFP) in the hospital sector. 
We analyze each method and conclude that 
the inconsistencies in their outcomes make 
it difficult to estimate a precise level of MFP 
that hospitals have historically achieved. 
Our goal in developing two methodologies 
is to inform the debate surrounding the abil­
ity of hospitals to achieve gains in MFP, as 
well as to highlight some of the challenges 
that exist in measuring hospital MFP. 

introduCtion 

MFP is defined by the U.S. Bureau of 
Labor Statistics (2007) (BLS) as the change 
in a level of outputs relative to the change 
in a level of two or more inputs. Recently, 
there has been debate as to whether 
hospitals are able to achieve gains in MFP. 
The Medicare Payment Advisory Commis­
sion (MedPAC) has suggested that Medi­
care providers, including hospitals, have 
the ability to reduce the quantity of inputs 
required to produce a unit of service, while 
maintaining a consistent level of quality of 
care. To encourage efficiency in the pay­
ment system, MedPAC has recommended 
that Medicare payment updates to hospi­
tals be explicitly adjusted to account for 
expected improvements in productivity. 
The FY 2008 President’s Budget has also 

The authors are with the Office of the Actuary (OACT), Cen­
ters for Medicare & Medicaid Services (CMS). The statements 
expressed in this article are those of the authors and do not 
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proposed to adjust Medicare “…provider 
updates to account for gains in providers’ 
productivity and efficiency” (Office of 
Management and Budget, 2007). Accord­
ing to MedPAC (2007), Medicare should 
expect some improvements in productivity 
“…[u]nless evidence suggests that this 
goal is unattainable systematically across a 
sector for reasons outside the industry’s 
control.” Previous attempts at measuring 
hospital MFP have had varying results 
(Ashby, Guterman, and Greene, 2000; 
Fisher, 1992a,b). To add to this discussion, 
this article presents two methodologies for 
measuring hospital MFP. 

Method 1 derives outputs and inputs 
from hospital revenues and expenses, 
respectively. These dollar amounts are 
deflated by appropriate output and input 
price indexes to obtain implied quantities 
of outputs and inputs, which are required 
to calculate MFP. The second method gen­
erally follows the approach that BLS has 
used to calculate MFP in other industries. 
Due to limited data and the conceptual 
issue of measuring output quantities, BLS 
currently does not publish MFP data for 
hospitals or other health service sectors. 
Method 2 uses the same output measure­
ment as Method 1; however, instead of 
deflating expenses to obtain implied quan­
tities of inputs, Method 2 uses labor and 
capital quantities obtained directly from 
published data sources. 

This analysis will show that despite the 
similarities between the data sources and 
approaches used in Methods 1 and 2, the 
results differ considerably. For example, 



Table 1
 

Average Estimates of Hospital Multifactor Productivity (MFP)
 
	 Method	1	 Method	2	 Sensitivity	1	 Sensitivity	2	 Economywide 

Average	Annual	MFP 
	 from	2001-2005	 0.1		 1.0		 (0.3)	 0.3		 1.8	 

10-Year	Moving 
	 Average	MFP	in	2005	 0.3		 0.6		 0.1		 0.1		 1.5 

NOTES:	Method	1	derives	outputs	and	inputs	from	select	hospital	revenues	and	expenses,	respectively.	Method	2	generally	follows	the	approach	 
that	the	U.S.	Bureau	of	Labor	Statistics	(BLS)	has	used	to	calculate	MFP	in	other	industries.	Labor	quantities	are	estimated	by	merging	Current	Em-
ployment	Statistics	(CES)	data	for	total	hospital	employees	with	Current	Population	Survey	data	for	average	work	weeks	and	average	weekly	hours.	 
Sensitivity	1	is	based	on	Method	1	and	derives	outputs	and	inputs	from	total	hospital	revenues	and	expenses,	respectively.	Sensitivity	2	is	based	on	 
Method	2	and	estimates	labor	quantities	using	only	CES	data.	Economywide	represents	total	private,	non-farm	business	sector	MFP	as	calculated	by	 
BLS. 

SOURCE:	Centers	for	Medicare	&	Medicaid	Services,	Office	of	the	Actuary,	2007. 

from 2001 to 2005, average annual growth service that is provided to either patients 
in hospital MFP was 0.1 percent using or non-patients. For this analysis, we divide 
Method 1, and 1.0 percent using Method 2 revenue into four categories: 
(Table 1). Additionally, the annual changes • 	Paid Patient Care Net Revenues—Net 
in hospital MFP from the two methods patient care revenues (gross revenues 
often do not move in the same direction or less discounts) related to the sale of 
to the same degree; the correlation coeffi­ patient care goods and services. 
cient based on the years 1981-2005 is posi­ • 	Unpaid Patient Care Revenues—Gross 
tive, but not highly so, at 0.46 (Figure 1). charges that are not collected by the 
The inconsistencies in the outcomes reveal hospital from the provision of patient 
some of the challenges in determining a care goods and services, such as bad 
precise level of MFP that hospitals have debt and charity care. 
historically achieved. • 	Non-Patient Care Operating Net Reve­

nues—Net revenues derived from the 
MetHod 1 sale of non-patient goods and services, 

such as items in the hospital gift shop. 
In Method 1, we assume that output and • 	Non-Patient Care Non-Operating Net 

input quantities are embedded in nomi­ Revenues—Net revenues derived from 
nal payments and expenditures. Trends other sources, such as tax appropria­
in hospital output and input quantities are tions, returns on investments, and 
determined by deflating each nominal donations. 
amount by appropriate output and input Because non-patient care non-operating 
price indexes. net revenues represent financial gains 

that are unrelated to providing a specific 
outputs health good or service, and therefore do 

not have associated output quantities, 
Outputs are based on total net revenue we exclude these revenues from our 

data for community hospitals obtained output calculation. 
from the American Hospital Association To convert each of the three remain­
(AHA) Annual Survey.1 Our goal is to ing revenue segments into implied output 
select only those revenues that relate to quantities, we remove the price component 
the production of a specific health good or of each revenue type using an appropriate 

output price deflator. Goods and services 
1 AHA conducts an annual survey that solicits a broad range of that are accounted for under paid patient 
utilization and financial data from hospitals. The community hos­
pital portion of this survey represents our primary data source. care net revenues are valued at transaction 
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Figure 1
 

Average Annual Percent Change in Hospital Multifactor Productivity (MFP): 1981-2005
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NOTES:	Method	1	derives	outputs	and	inputs	from	select	hospital	revenues	and	expenses,	respectively.		Method	2	generally	 
follows	the	approach	that	the	U.S.	Bureau	of	Labor	Statistics	has	used	to	calculate	MFP	in	other	industries.		Labor	quantities	are	 
estimated	by	merging	Current	Employment	Statistics	data	for	total	hospital	employees	with	Current	Population	Survey	data	for	 
average	work	weeks	and	average	weekly	hours. 

SOURCE:	Centers	for	Medicare	&	Medicaid	Services,	Office	of	the	Actuary,	2007. 

prices (net of discounts). Therefore, we 
deflate these revenues using an adjusted 
version of the Producer Price Index (PPI), 
a transaction price index published by 
BLS for hospitals (North American Indus­
try Classification System 622).2 Converse­
ly, unpaid patient care revenues reflect 
goods and services valued at non-dis­
counted list prices and we deflate these 
amounts using the Consumer Price Index 
(CPI) for hospitals.3 To obtain implied out­
put quantities from non-patient care oper­
ating net revenues, we create a non-patient 
output price index based on a subset of 
goods and services from the U.S. Bureau 
of Economic Analysis’ (BEA) National 

2 OACT previously adjusted the hospital PPI to attempt to correct 
for measurement issues in certain years. 
3 BLS has recently moved toward defining the CPI as a measure 
of transaction prices. 

Income and Product Accounts. This index 
contains prices paid for products, such as 
purchased food, sundries, and parking fees, 
that are similar to those goods included in 
non-patient care operating net revenues. 
We add these three constant-dollar revenue 
series together for each year to construct a 
time series of total output quantities. The 
annual changes in total output quantities 
are used in both Methods 1 and 2.4 

inputs 

To derive implied inputs, we begin with 
total expenses for community hospitals 
from the AHA Annual Survey. Again, the 
approach is to select only those expense 

4 Our calculation of output quantities does not reflect improve­
ments in health status. 
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amounts that directly pertain to the pro­
duction of a specific health good or ser­
vice. Investment losses, interest expenses, 
and business taxes are financial expenses 
that are not associated with any spe­
cific input quantity in this analysis, and 
therefore they must be subtracted from 
total expenses. 

Because limited data are available, 
we estimate investment losses, interest 
expenses, and business tax data. Invest­
ment losses are based on their average 
annual share of total expenses from AHA 
for 1988 to 1993. Data for interest expenses 
are available from AHA for 1980 to 1993, 
and we estimate the remaining years based 
on interest expenses’ average annual share 
of net revenues in the given years. Busi­
ness taxes before 1987 are estimated based 
on their annual share of net revenues for 
private hospitals and nursing/residential 
facilities from BEA gross domestic prod­
uct (GDP) by industry data.5 We subtract 
these three categories of expenses from 
total expenses to obtain a value for total 
operating expenses. 

The objective in Method 1 is to deflate 
total operating expenses by an input price 
index that reflects the input price pres­
sures that are associated with these types 
of expenses. Currently, OACT produces 
two separate hospital input price indexes 
(IPIs): an operating IPI and a capital IPI. 
These IPIs are fixed-weight, Laspeyres­
type price indexes, comprised of multiple 
cost weights and their associated price 
proxies.6 They are designed to measure 
input price inflation faced by hospitals and 
are used to update Medicare hospital pay­
ments. We will use a weighted combination 
of the price proxies that comprise these 

5 Data for the years 1980-1986 are not available from BEA. These 
years were estimated based on the relationship between taxes 
and revenues for 1987-1993. 
6 More detailed information can be found on the CMS Web site: 
http://www.cms.hhs.gov/MedicareProgramRatesStats/down­
loads/info.pdf. 

IPIs to deflate total operating expenses. 
This new price index will be referred to 
as the MFP IPI. 

For the MFP IPI, we separate total oper­
ating expenses into three categories— 
labor, capital, and intermediate input 
expenses—to determine their respective 
weights. Labor expenses include payroll 
expenses and fringe benefits, which are 
obtained from AHA. Capital expenses 
include depreciation and rent. Data for 
depreciation expenses are available from 
AHA only for 1980 to 1997; other years are 
estimated.7 Also estimated are data for rent 
expenses.8 Since we control the three input 
expense components to the total operat­
ing expenses estimate, intermediate input 
expenses are calculated as the residual 
of total operating expenses less labor and 
capital expenses. The percent contribution 
of each of these three components to total 
operating expenses is later used in the 
weighting of the MFP IPI. 

We associate a specific price proxy with 
each category of total operating expenses. 
Within labor, payroll expenses correspond 
with the Employment Cost Index (ECI) 
for civilian hospital workers’ wages, and 
fringe benefits correspond with the ECI 
for civilian hospital workers’ benefits. Both 
of these indexes are published by BLS and 
are also used in OACT’s operating IPI. For 
capital, depreciation expenses are aligned 
with a weighted average of price proxies 
for fixed and moveable equipment derived 
from OACT’s capital IPI. Rent expenses 
correspond to the CPI for residential rent 
published by BLS, which is also used 
in OACT’s operating IPI. We derive the 
price proxy related to intermediate input 

7 The remaining years are based on depreciation’s share of net 
revenues for hospitals from the U.S. Census Bureau’s Census 
Annual Service Surveys (2004-2005) and the Economic Census 
(2002). 
8 Rent expenses are based on rent’s share of operating expens­
es for hospitals from the U.S. Census Bureau’s Census Annual 
Service Surveys (2003-2005) and the Economic Census (1992, 
1997, 2002). 
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expenses from a weighted average of price 
proxies and cost weights used in OACT’s 
operating IPI for cost categories other 
than wages and benefits.9 

The respective weights of labor, capi­
tal, and intermediate inputs determine the 
contribution of each corresponding price 
index to the MFP IPI (Table 2). We deflate 
total operating expenses by the MFP IPI 
to determine annual changes in the quan­
tity of inputs. These data are then used to 
calculate MFP in Method 1. 

MFP 

Deflating net revenues and expenses 
removes the effect of price changes and 
generates implied quantities that repre­
sent the amount of real outputs and real 
inputs in the hospital industry. The ratio of 
the change in the real quantity of outputs 
to the change in the real quantity of inputs 
provides an estimate of hospital MFP in a 
given year. The annual percent change of 
this ratio over time reveals an estimated 
trend in hospital MFP. We will discuss the 
results obtained from Method 1 after we 
describe Method 2. 

MetHod 2 

The second method to calculate hospital 
MFP is also based on a change in outputs 
relative to a change in inputs. However, 
Method 2 differs from Method 1 primarily 
in that its labor and capital measures are 
obtained directly from public data sources 
as explicit quantities of inputs. Outputs 
and intermediate inputs in Method 2 are 
the same as those previously calculated 
in Method 1, as there are no straightfor­
ward quantity measurements available. 
In approximate terms, Method 1 views 

9 Cost categories include professional fees, utilities, malpractice, 
and all other products and services (e.g., drugs, food-direct 
purchase, food-away from home, and medical instruments). 

operating expenses as the product of ex­
plicit prices and implied quantities, where­
as Method 2 views operating expenses 
as the product of implied prices and 
explicit quantities. 

inputs 

In order to compute changes in inputs 
using the BLS methodology for calculat­
ing industry MFP, BLS requires a set of 
weights, as well as a set of real ratio 
changes, for the three major categories 
of inputs, which are labor, capital, and 
intermediate inputs. Method 2 generally 
follows the BLS (1997) method. Weights 
are calculated for each input based on 
that input’s average share of total net rev­
enues over 2 years. These Tornqvist input 
weights are then merged with direct mea­
surements of ratio changes in labor, capi­
tal, and intermediate inputs in order to 
measure changes in total real inputs. The 
formula for calculating MFP in Method 2 
is as follows: 

In the formula, 

A = multifactor productivity; 
 
Q = output quantity;
 
L = labor input; 
 
I = intermediate input; 
 
K = capital input; and 
 
wl, wi, wk = Tornqvist input weights. 
 

tornqvist input weights 

Weights for each of the input components 
are calculated based on that component’s 
average share of total net revenues over 2 
years. The percentage of total net revenues 
is used rather than total expenses, because 
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it is assumed that any profits in excess of 
expenses are returned to capital accounts. 
Thus, every dollar of total net revenues is 
assumed to be attributed to labor, capital, 
or intermediate inputs. 

The labor component weight wl is deter­
mined by the share of total net revenues that 
is comprised of labor compensation. Labor 
compensation includes payroll expenses 
and fringe benefits, similar to Method 1. 
The intermediate input component weight 
wi is determined by the share of total net 
revenues that is comprised of intermediate 
input expenses. Since data on intermedi­
ate input expenses are not otherwise avail­
able, we assume that intermediate input 
expenses are the same as those calculated 
in Method 1 (the residual of operating 
expenses less payroll expenses, fringe ben­
efits, depreciation, and rent). Finally, we 
assume that capital expenses in Method 
2 represent total net revenues less labor 
compensation and intermediate inputs. 
As a result, the capital component weight 
wk consists of depreciation, rent, and the 
remaining portion of total net revenues. 
Any profits are categorized as a return to 
capital accounts. 

input Components 

Although Method 1 attributes changes 
in inputs to changes in the deflated dol­
lars spent on those inputs, Method 2 
does not. Instead, in Method 2, real mea­
surements are utilized where available 
to reflect the changes in the quantities of 
those inputs. 

Labor quantities are obtained by mea­
suring total annual hospital industry labor 
hours. Data from the Current Population 
Survey (CPS), which is published by BLS, 
are used to calculate, for private, and State 
and local hospital workers (1) the average 
number of work weeks per year and (2) the 

average number of work hours per week.10 

The average number of work weeks is 
tabulated by the University of Minnesota 
Integrated Public Use Microdata Series 
using CPS data. Data from the Current 
Employment Statistics (CES) Survey, also 
published by BLS, are then used to calcu­
late the total number of private and State 
and local hospital employees. The product 
of these three amounts represents the total 
quantity of labor hours for hospital work­
ers in a given year. We follow BLS’s meth­
odology for calculating industry MFP and 
do not adjust labor inputs for changes in 
the skill level of the work force.11 

Capital quantities are obtained using 
BEA’s Fixed Asset Series, which, like the 
capital quantities in Method 1, are based on 
deflated capital expenditures. Our goal is 
to determine the ratio change in total fixed 
asset quantities for private and State and 
local hospitals.12 BEA’s Fixed Asset Series 
provides quantity index levels for total fixed 
assets, structures, and equipment for pri­
vate hospitals. For State and local hospitals, 
BEA’s Fixed Asset Series reports only quan­
tity index levels for structures. We assume 
that the ratio change of the State and local 
quantity index levels for equipment is 
equal to that for private equipment.13 We 
calculate quantity index levels for State 
and local total fixed assets by weighting the 
index levels for State and local structures 
and State and local equipment by the per­
cent contribution of each category’s expen­
ditures to total State and local fixed asset 

10 The CPS is a joint survey conducted by BLS and the U.S. 
Census Bureau. 
11 For its calculation of MFP for the major sectors (private and 
private non-farm business), BLS adjusts its measure of labor in­
puts to account for changes in labor composition. 
12 Changes in quantities of hospital capital stock are available 
from BEA for all hospitals, not community hospitals. We assume 
that the data for all hospitals approximate those for community 
hospitals. 
13 We note that the ratio change of the quantity index levels for 
State and local structures is different from that of the quantity 
index levels for private structures. 
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Table 3
 

Hospital Multifactor Productivity (MFP) Variables for Method 2: 1981-2005
 

NOTES:	Method	2	generally	follows	the	approach	that	the	U.S.	Bureau	of	Labor	Statistics	has	used	to	calculate	MFP	in	other	industries.	Labor	 
	quantities	are	estimated	by	merging	Current	Employment	Statistics	data	for	total	hospital	employees	with	Current	Population	Survey	data	for	 
	average	work	weeks	and	average	weekly	hours.	Tornqvist	weights	are	calculated	for	each	input	based	on	that	input’s	average	share	of	total	net	 
revenues	over	2	years.		 

SOURCE:	Centers	for	Medicare	&	Medicaid	Services,	Office	of	the	Actuary,	2007. 

expenditures.14 This calculation generates capital quantities are lagged 1 year in 
quantity index levels for both private total the equation.15 

fixed assets and State and local total fixed To calculate MFP, the year-to-year ratio 
assets. A weighted average of these index changes of the output quantity and each 
levels is t hen calculated based on the total input quantity, as well as the Tornqvist in­
fixed asset expenditures for private hospi­ put weights, are substituted into the for­
tals and the total fixed asset expenditures mula previously described (Table 3). This 
for State and local hospitals. Because we formula replicates the output to input 
assume that capital goods do not imme­ ratio of Method 1 by subtracting weighted 
diately impact hospital output, hospital logarithms of the change in each input from 

the logarithm of the change in output. 
14 State and local equipment expenditures are not available 
from BEA. State and local equipment expenditures are calcu­ 15 We note that not lagging capital does not materially affec t the 
lated from the ratio of private equipment expenditures to private final MFP calculation. 
structures expenditures multiplied by State and local structures 
expenditures. 

	 Tornqvist	Input	Weights	 Quantity	Ratios 
	 
	Year 

	 Intermediate	 
Labor	 Inputs	 

	 
Capital	 

	 
Labor	 

Intermediate 
Inputs	 Capital	 Output 

	1981 55.7		 32.3		 11.9		 1.045		 		1.061		 		1.029		 1.039	
 

	1982 55.6		 32.1		 12.3		 1.029		 		1.091		 		1.028		 1.038	
 

	1983 55.3		 31.9		 12.8		 	1.007		 		1.058		 		1.036		 1.037	
 

	1984 54.8		 31.4		 13.8		 	0.999		 		0.998		 		1.037		 		0.993	
 

	1985 53.6		 31.1		 15.3		 	1.007		 		1.030		 		1.035		 		0.983	
 

	1986 52.4		 31.7		 15.9		 	1.006		 		1.077		 		1.029		 		1.042	
 

	1987 51.9		 32.8		 15.3		 	1.054		 		1.065		 		1.027		 		1.038	
 

	1988 51.9		 33.5		 14.5		 	1.030		 		1.050		 		1.030		 		1.036	
 

	1989 52.1		 33.6		 14.3		 	1.036		 		1.034		 		1.034		 		1.027	
 

	1990 52.2		 33.4		 14.4		 	1.038		 		1.063		 		1.035		 		1.043	
 

	1991 52.4		 33.3		 14.3		 	1.015		 		1.067		 		1.037		 		1.061	
 

	1992 52.0		 33.4		 14.6		 	1.065		 		1.085		 		1.036		 		1.064	
 

	1993 51.6		 33.6		 14.8		 	0.995		 		1.051		 		1.045		 		1.023	
 

	1994 51.4		 33.4		 15.2		 	1.030		 		1.000		 		1.039		 		1.007	
 

	1995 51.0		 32.9		 16.1		 	1.005		 		1.001		 		1.032		 		1.011	
 

	1996 50.0		 32.8		 17.2		 	1.017		 		1.020		 		1.027		 		1.014	
 

	1997 49.2		 33.0		 17.8		 	0.987		 		1.042		 		1.027		 		1.027	
 

	1998 49.0		 33.6		 17.3		 	1.036		 		1.026		 		1.048		 		1.026	
 

	1999 49.1		 34.7		 16.2		 	0.982		 		1.062		 		1.041		 		1.024	
 

	2000 49.0		 35.5		 15.5		 	1.025		 		1.037		 		1.038		 		1.036	
 

	2001 49.1		 35.8		 15.1		 	1.025		 		1.056		 		1.038		 		1.046	
 

	2002 49.3		 35.8		 14.8		 	1.026		 		1.058		 		1.034		 		1.047	
 

	2003 49.5		 35.6		 14.9		 	0.998		 		1.043		 		1.043		 		1.036	
 

	2004 49.2		 35.4		 15.4		 	0.995		 		1.021		 		1.044		 		1.026	
 

	2005 48.9		 35.4		 15.7		 	1.029		 		1.030		 		1.041		 		1.035
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CoMParison oF results 

As stated previously, these two methods 
use the same measures of changes in out­
puts and intermediate inputs. In theory, if 
valid labor and capital price measures are 
used in Method 1, and if accurate measures 
for labor and capital quantities are used in 
Method 2, both methods should yield simi­
lar measures for changes in inputs; the pri­
mary difference in MFP should be due to 
deviations in the input weights. However, 
the annual MFP calculations resulting from 
these two methods vary. 

Annual percent changes in hospital 
MFP are more volatile in Method 2 than 
in Method 1. The annual values of hospital 
MFP obtained from the two methods often 
do not move in the same direction or to the 
same degree; their correlation coefficient 
of 0.46 is positive, but not highly so. On a 
year-by-year basis, it is important to note 
that Methods 1 and 2 are frequently incon­
sistent on whether hospitals were experi­
encing positive or negative MFP. In 6 of the 
25 years, Method 1 reported negative MFP 
while Method 2 reported positive MFP. 
Conversely, in 3 of the 25 years, Method 
1 reported positive MFP while Method 2 
reported negative MFP. The annual results 
obtained from the two methods varied 
from being relatively close (0.1 percentage 
point difference in 1984 and 2005) to very 
dissimilar (a discrepancy of 2.4 percentage 
points in 1991) (Figure 1). 

Given the historical changes in the hos­
pital industry—namely, the implementa­
tion of Medicare’s inpatient prospective 
payment system in 1983 and cost contain­
ment measures introduced during the 
era of managed care—it may be useful 
to focus on hospital MFP results during 
a more recent period. From 2001-2005, 
which is the most recent 5-year period for 
which data are available, average annual 
growth in hospital MFP was estimated at 

0.1 percent using Method 1, and 1.0 per­
cent using Method 2 (Table 1). In addition, 
there was a wide divergence in the trends 
in MFP during these years (Figure 1). 

Due to the volatility of the annual esti­
mates of hospital MFP, we also analyze 
the results using 10-year moving averages. 
Method 1 produces 10-year average growth 
in hospital MFP of 0.3 percent for the 
10-year period ending in 2005. For Method 
2, that average is 0.6 percent (Table 1). The 
10-year moving average over the entire 
period, 1981 to 2005, is equal to -0.2 percent 
in Method 1, and 0.0 percent in Method 
2. Both methodologies show increasing 
MFP over time. The 10-year moving aver­
age MFP in Method 2 is greater than in 
Method 1 for all but 3 years of the study 
period. Additionally, Method 2 shows that 
hospitals first achieved average positive 
gains in MFP over the preceding 10-year 
period in 1997. Method 1 indicates that 
hospitals had just barely begun to show 
average positive gains in MFP over the pre­
ceding 10-year period by 1999 (Figure 2). 

sensitivity analyses 

Although we have evaluated the data 
sources available and made assumptions 
when data are incomplete, we recognize 
that there are alternative ways to define 
hospital outputs and inputs. This next 
section analyzes the effects of changing 
some of our assumptions in order to test 
whether they have a material impact on 
the results. 

Method 1—sensitivity 1 

Many of our assumptions in Method 1 
involve hospital revenue and expenditure 
categories that do not make up a significant 
share of outputs or inputs. For example, 
non-patient care net revenues comprised 
only 7 percent of total net revenues in 2005. 
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10-Year Moving Average Percent Change in Hospital Multifactor Productivity (MFP) and Private 
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NOTES:	Method	1	derives	outputs	and	inputs	from	select	hospital	revenues	and	expenses,	respectively.		Method	2	generally	fol-
lows	the	approach	that	the	U.S.	Bureau	of	Labor	Statistics	(BLS)	has	used	to	calculate	MFP	in	other	industries.		Labor	quantities	 
are	estimated	by	merging	Current	Employment	Statistics	data	for	total	hospital	employees	with	Current	Population	Survey	data	 
for	average	work	weeks	and	average	weekly	hours.	Economywide	represents	total	private,	non-farm	business	sector	MFP	as	 
calculated	by	BLS. 

SOURCE:	Centers	for	Medicare	&	Medicaid	Services,	Office	of	the	Actuary,	2007. 

Similarly, non-operating expenses (which 
are not included in the MFP calculation) 
made up approximately 4 percent of total 
expenses in 2005. These non-operating 
expenses include expenditures such as 
investment losses, interest expenses, and 
business taxes, for which several assump­
tions are made to derive their values. It is 
unlikely that these categories materially 
affect the resulting hospital MFP. 

Therefore, to test the robustness of 
our calculation, we include all previously 
excluded revenues and expenses. To com­
pute an alternative measure of hospital 
MFP, outputs are represented by total net 
revenues deflated by the adjusted hospital 
PPI, and inputs are represented by total 

expenses deflated by a weighted aver­
age of OACT’s operating and capital IPIs 
for hospitals.16 

The resulting annual MFP calculation 
from Sensitivity 1 trends very closely to the 
original Method 1 MFP. The correlation 
coefficient between the original Method 1 
and the sensitivity analysis is highly posi­
tive at 0.94 (Figure 3). From 2001-2005, the 
most recent 5-year period for which data 
are available, the average annual hospital 
MFP in Sensitivity 1 was -0.3 percent com­
pared to 0.1 percent in the original Method 
1. The 10-year moving average MFP in 

16 We assigned a weight of 9 percent to the capital IPI and the re­
maining 91 percent to the operating IPI based on average annual 
expense data from Method 1. 
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Average Annual Percent Change in Hospital Multifactor Productivity (MFP) for Method 1 and 
 
Sensitivity 1: 1981-2005
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NOTES:	Method	1	derives	outputs	and	inputs	from	select	hospital	revenues	and	expenses,	respectively.	Sensitivity	1	is	based	on	 
Method	1	and	derives	outputs	and	inputs	from	total	hospital	revenues	and	expenses,	respectively. 

SOURCE:	Centers	for	Medicare	&	Medicaid	Services,	Office	of	the	Actuary,	2007. 

Sensitivity 1 was 0.1 percent in 2005 and 
0.3 percent in the original Method 1 (Table 
1). The 10-year moving average over the 
entire period was equal to -0.5 percent, 
which is less than the -0.2 percent calcu­
lated using the original method (Figure 4). 
These results are similar and indicate that 
the assumptions made in Method 1 do not 
have a material effect on hospital MFP. 

Method 2—sensitivity 2 

In Method 2, as previously noted, we 
obtain labor quantities by merging CES 
data for total hospital employees with CPS 
data for average work weeks and average 
weekly hours. The CPS is a sample sur­
vey of approximately 60,000 households 
while the CES survey represents a sam­
ple of 160,000 business and government 

agencies. BLS notes that the data by occu­
pation and industry provided by house­
holds in the CPS “…are more subject to 
nonsampling error than are establishment-
based surveys” such as the CES survey 
(Bowler and Morisi, 2006). 

In Sensitivity 2, we calculate an alterna­
tive measure of labor quantities using only 
CES data. The total number of hospital 
employees is multiplied by average weekly 
hours for hospital production workers, and 
this number is multiplied by 52 weeks per 
year.17 These new labor quantities are sub­
stituted into Method 2 to derive an alterna­
tive calculation of hospital MFP. The cor­
relation coefficient between Method 2 and 
Sensitivity 2 is positive at 0.66 (Figure 5). 

17 BLS does not collect data on non-supervisory hospital employ­
ees. We assume that non-supervisory workers’ weekly hours 
were the same as production workers’ weekly hours. 

HealtH Care FinanCing review/winter 2007-2008/Volume 29, Number 2 59 



-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

Figure 4 

10-Year Moving Average Percent Change in Hospital Multifactor Productivity (MFP) for Method 1 
and Sensitivity 1: 1990-2005 
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on	Method	1	and	derives	outputs	and	inputs	from	total	hospital	revenues	and	expenses,	respectively. 

SOURCE:	Centers	for	Medicare	&	Medicaid	Services,	Office	of	the	Actuary,	2007. 

From 2001-2005, the average annual hos­
pital MFP in Sensitivity 2 was 0.3 percent 
compared to 1.0 percent in the original 
Method 2. The 10-year average hospital 
MFP in Sensitivity 2 was 0.1 percent for the 
10-year period ending in 2005, compared 
to 0.6 percent in Method 2 (Table 1). The 
10-year moving average over the entire 
period was equal to 0.1 percent compared 
to 0.0 percent originally. Although the 
data do not trend exactly on a year-by-year 
basis, the overall long-term results appear 
consistent (Figure 6). 

BeneFits and liMitations oF 
BotH MetHodologies 

Both of these methodologies have nota­
ble benefits and limitations. Method 1 has 

a parallel construction in that real outputs 
and real inputs are similarly calculated 
using nominal amounts and associated 
price index deflators. Method 2 incorpo­
rates both data and a methodology that 
are consistent with the way BLS presently 
constructs its measures of industry MFP. 
However, the output quantities used in both 
methodologies are not quality-adjusted, 
and their reliability is dependent on 
whether the payment amounts and asso­
ciated price deflators are appropriately 
measured. In addition, the accuracy of 
input quantities is dependent on whether 
the underlying nominal amounts used 
in Method 1, and the explicit quantity 
amounts used in Method 2, are reliable. 

HealtH Care FinanCing review/winter 2007-2008/Volume 29, Number 2 60 



-4

-3

-2

-1

0

1

2

3

Figure 5
 

Average Annual Percent Change in Hospital Multifactor Productivity (MFP) for Method 2 and 
 
Sensitivity 2: 1981-2005
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industries.	Labor	quantities	are	estimated	by	merging	Current	Employment	Statistics	(CES)	data	for	total	hospital	employees	with	 
Current	Population	Survey	data	for	average	work	weeks	and	average	weekly	hours.	Sensitivity	2	is	based	on	Method	2	and	labor	 
quantities	are	estimated	using	only	CES	data. 

SOURCE:	Centers	for	Medicare	&	Medicaid	Services,	Office	of	the	Actuary,	2007. 

outputs 

We stated previously that hospital out­
puts are defined as nominal revenues 
deflated by a price index. This output mea­
surement accounts for changes in the vol­
ume and mix of cases treated by hospitals, 
but does not adjust for changes in quality, 
such as health outcomes. Although health 
care quality has changed over time, there is 
currently no widely accepted method that 
includes quality measures as a component 
of hospital output. 

Our attempt is to estimate real revenues 
as output; however, the hospital PPI is not 
an ideal measure of transaction prices for 
our purposes. The Medicare portion of 

this index reflects a fixed annual rate of 
payment for hospitals. In the case of the 
hospital sector (as well as with many other 
health care sectors), prices are adminis­
tered rather than reached through open 
competition. Thus, it can be argued that 
deriving outputs using nominal payments 
and the hospital PPI results in a distorted 
measure. Nevertheless, in the absence of 
better data, this method of calculating out­
puts remains one of our only options. 

inputs 

Within inputs, we focus on the labor 
measure because the measure for interme­
diate inputs is identical for both methods 
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Figure 6 

10-Year Moving Average Percent Change in Hospital Multifactor Productivity (MFP) for Method 2 
and Sensitivity 2: 1990-2005 
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NOTES:	Method	2	generally	follows	the	approach	that	the	U.S.	Bureau	of	Labor	Statistics	has	used	to	calculate	MFP	in	other	 
	industries.	Labor	quantities	are	estimated	by	merging	Current	Employment	Statistics	(CES)	data	for	total	hospital	employees	 
with	Current	Population	Survey	data	for	average	work	weeks	and	average	weekly	hours.	Sensitivity	2	is	based	on	Method	2	and	 
	calculates	labor	quantities	using	only	CES	data. 

SOURCE:	Centers	for	Medicare	&	Medicaid	Services,	Office	of	the	Actuary,	2007. 

and the capital weight is small. In Method 
1, nominal labor expenses are deflated by 
ECIs for hospital workers. In Method 2, 
real labor quantities are estimated using 
annual hours of work per employee, num­
ber of work weeks, and total number of 
employees for hospitals. Method 1 yields 
a relatively smooth curve for changes in 
labor quantities; Method 2 yields a more 
volatile curve, likely because it incor­
porates multiple surveys with different 
sampling frames (Figure 7). The inconsis­
tencies in these data suggest that further 
research is required in order to determine 
an accurate measure of labor quantities. 

CoMParison witH 
eConoMywide ProduCtivity 

MedPAC has recommended that Medi­
care payments to hospitals be offset by 
gains in MFP. In March 2006, MedPAC 
stated that the Medicare payment update 
to hospitals in 2007 should be decreased 
by one-half of MedPAC’s expectation 
regarding the 10-year moving average of 
MFP gains in the total private, non-farm 
business sector as calculated by BLS 
(Medicare Payment Advisory Commis­
sion, 2006). Subsequently, in March 2007 
MedPAC recommended that its target in 
2008 for improving efficiency in hospitals 
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SOURCE:	Centers	for	Medicare	&	Medicaid	Services,	Office	of	the	Actuary,	2007. 

be equal to the 10-year moving average of 
MFP for the total private, non-farm busi­
ness sector (Medicare Payment Advisory 
Commission, 2007). 

We compared the 10-year moving 
averages of our estimates of hospital MFP 
using Methods 1 and 2 with total private, 
non-farm business MFP for the overall 
economy.18 Over each of the 10-year peri­
ods ending in 1990-2005, estimates of 
average hospital MFP from Methods 1 
and 2 were less than one-half of average 
economywide MFP (Figure 2). 

18 Data for private non-farm business sector MFP represent the 
historical MFP measures published by BLS (Standard Industrial 
Code for years 1981-1987 linked to North American Industry 
Classification System for 1987-2005). 

laBor-intensive nature oF 
HosPital seCtor 

We also compared the shares of total 
expenses that labor and capital represent 
over time. In Method 1, total labor compen­
sation fell from 60 percent of total operat­
ing expenses in 1981 to 54 percent in 2005, 
while capital expenses increased from 5 
percent of total expenses to 7 percent over 
this same time period (Table 2). Similarly, 
in Method 2, total labor compensation 
fell from 56 percent of total revenues in 
1981 to 49 percent in 2005; capital’s share 
increased from 12 to 16 percent (Table 
3).19 These results suggest that, as would 
be expected, hospitals have moved toward 

19 Capital’s share of expenses is greater in Method 2 because it 
assumes that profits are returns to capital accounts. 
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more technology-intensive inputs by sub­
stituting capital for labor over time. 

Despite a declining share as a percent of 
total operating expenses, labor still consis­
tently comprises the largest input weight 
of the three components. Compared to 
manufacturing industries, it appears that 
hospitals are less able to substitute tech­
nology-intensive inputs for labor-intensive 
inputs. As a result, positive gains in MFP 
may be more difficult to achieve in hospi­
tals relative to manufacturing industries 
due to their labor-intensive nature. This is 
commonly referred to as the Baumol Effect 
(Baumol and Bowen, 1966). 

ConClusion 

Recently, there has been discussion 
among policymakers and researchers as 
to whether hospitals are able to achieve 
gains in MFP. MedPAC’s recommendation 
that Medicare payments to hospitals be 
offset by gains in MFP has further stimu­
lated this debate. This article presents 
two methodologies to calculate historical 
measurements of hospital MFP. Though 
they use some of the same measurements, 
these methods produce conflicting results, 
largely due to variations in the data. It is 
our view that it is necessary to present 
each method individually in order to high­
light the benefits of each—namely, that 
Method 1 uses a consistent approach as 
a price-derived measure and that Method 
2 follows the general BLS approach for 
calculating industry MFP. In spite of the 
limitations of these methods, we hope 
that this work will facilitate more research 
into this topic. 
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