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Abstract: 

A key parameter that determines the distributional impacts of a policy shift in general 
equilibrium models is the elasticity of substitution between capital and labor.  Despite the 
importance of this parameter in applied modeling, its identification continues to pose a 
challenge.  Given the structure of most growth models, we posit that the true relationship 
between capital and labor is likely to be close to Cobb-Douglas.  Using a rich new data set from 
the Bureau of Economic Analysis, we estimate substitution elasticities for 28 industries, which 
cover the entire economy, and provide an indication of the long- and short-run estimates.  We 
fail to reject the Cobb-Douglas specification in 20 of the 28 industries.  These findings lend 
support to the Cobb-Douglas specification as a transparent starting point in simulation analysis.   
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I .  Introduction 

A key parameter that determines the distributional impacts of a policy shift in general 

equilibrium simulations is the elasticity of substitution between capital and labor.  In this paper 

we provide the most comprehensive and up-to-date set of capital-labor substitution elasticity 

estimates for the U.S. economy.  We exploit a rich data source recently released by the Bureau of 

Economic Analysis (BEA) that include new estimates of gross product by industry over 1947-

1998, and represent significant improvements over previous data.  Such improvements include a 

comprehensive revision of the national income and product accounts (NIPA’s) and an extension 

of double deflation techniques, which account for inflation in both input and output markets.1  

We also use the BEA’s newly revised estimates for the net stock quantity index of private fixed 

assets, which include equipment, software and structures.  From this new data source, we 

estimate both the long- and short-run elasticities for 28 industries using established time series 

techniques. 

Given the structure of most growth models, we posit that the true relationship between 

capital and labor is likely to be close to Cobb-Douglas.  Econometric estimation results lend 

support to the Cobb Douglas specification.  Specifically, we fail to reject the Cobb-Douglas 

specification in 20 of the 28 industries, and for seven of those industries we fail to reject the 

Leontief specification.  We fail to reject Cobb-Douglas for aggregate manufacturing.  Also, a 

comparison of econometric estimates and value-added weighted averages for several 

aggregations brings into question the common practice of averaging estimates for use in flexible 

aggregation models.  

                                                 
1 Lum, Moyer, and Yuskavage (2000). 
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Our objective is to consistently estimate a comprehensive set of capital-labor substitution 

elasticities for the U.S. economy.  The current data only enable estimations at the two-digit level 

(28 sectors).  Using appropriate time-series techniques we distinguish between short-run and 

relatively higher long-run elasticities.  We also estimate elasticities for a few aggregations.  We 

test our prior of a Cobb-Douglas relationship.  In addition, we examine the implications of 

weighted average aggregations of industry level elasticities, because this is a conventional 

practice relied upon by many modelers. Our estimates provide support for using the Cobb-

Douglas specification as a transparent starting point in parameterizing applied models and should 

be useful for researchers working on simulation and sensitivity analysis. 

The paper is organized as follows.  In the next section we discuss general issues 

surrounding parameterization, measurement and calibration, and the problems inherent in 

elasticity estimation.  In section three we present the argument for Cobb-Douglas in the growth 

literature.  In section four we discuss the empirical model, including the specification and the 

data.  In section five we present the estimation results, and in the last section we provide 

concluding remarks. 

 

I I .  Issues Surrounding the Parameter ization of the Capital-Labor  Relationship  

The elasticity of substitution between capital and labor is a key parameter in quantifying 

distributional impacts of policy.  Measurement of this parameter is, however, problematic and 

controversial.  From a structural perspective, capital accumulation is inherently a complex 

dynamic problem.  Once investments are made they may be specific to a given process making 

reallocation costly.  In the historic data it is impossible to identify the portion of capital return 

that is normal versus that which is due to a productivity realization away from its expected mean.  



 

 3  

Furthermore, the misallocation of physical capital in the time series due to adjustment costs 

cannot be directly identified.  Given these realities, it is futile to expect estimations based on our 

static notion of capital input demand (like those presented below) not to suffer from 

misspecification.  Transparent estimations of the capital-labor relationship based on a static 

equilibrium include the seminal work on CES functions by Arrow, Chenery, Minhas, and Solow 

(1961).2   

Another way to think about the problem is that information sets, about shocks and 

uncertainty over time, are themselves time dependent.  This indicates that forward-looking 

investments, based on rational expectations at the time they were made, are likely to realize a 

non-zero economic profit in the historical record.  Macro-economists have struggled with these 

issues for some time, and real business cycle models are a promising area of research.3  

However, for our purpose these models provide little, if any, sectoral detail and are actually 

partially calibrated relying on assumed elasticities.  For example, Kydland and Prescott (1982) 

and much of the literature that follows assume a Cobb-Douglas relationship between capital and 

labor in aggregate production. 

Like those macro-economists who find calibrated business cycle models appealing for 

their structural integrity, micro-economists interested in comparative policy analysis face a 

monumental data shortage relative to the parameter requirements.  Sufficient structural detail is 

necessary in order to capture important features of the economy.  At the same time, we require a 

quantitative context that is not so abstract as to leave the question completely uninformed.  

                                                 
2 Arrow, Chenery, Minhas and Solow (1961) find strong evidence that the capital-labor substitution elasticity is 
between zero and unity.  Also, Harrison, Jones, Kimbell and Wigle (1993) undertook econometric estimation of 
capital-labor substitution elasticities and report 4 out of 6 sectors to be between zero and unity. 
3 See Gregory and Smith (1991) for a survey. 



 

 4  

This is an important topic in applied economic analysis, particularly in the policy arena.  

For example, fundamental questions of competing tax policy are arguably best informed from a 

general equilibrium perspective (Harberger (1962) and Shoven and Whalley (1972)).  Few 

micro-consistent observations relative to the number of parameters support such a model, if it is 

to produce anything but trivial quantitative results.  Even fewer observations exist across relevant 

variations in exogenous instruments (alternative tax policies).  Thus, reduced-form models are 

not likely to be accurate in revealing the effects of structural policy shifts especially when most 

questions concern new untested alternative policy initiatives.  The data shortage, in the context of 

comparative policy studies, has precipitated a movement toward calibrated microeconomic 

models.  Dawkins, Srinivasan, and Whalley (2001) offer a complete perspective on calibration 

and its role in economics. 

Calibration usually follows a method that includes the interaction of a strict theoretic 

structure with two distinct types of data.  The first type of data represents the benchmark 

equilibrium.  In the context of constant-elasticity-of-substitution (CES) forms the first type of 

data identify exactly the distribution (or share) and efficiency parameters (Uzawa (1962), 

Rutherford (1995)).  The data that determine these parameters are inherently local to the 

reference solution.  So, although they establish a quantitative base for initiating policy 

experiments, they do little to inform the global properties of the model.   

The second type of data indicate the degree of response and are often independent of the 

local equilibrium.4  These are data that indicate the elasticity or slope parameters.  In most 

                                                 
4 In some cases the benchmark equilibrium and response data are not separable in the calibration process.  Rich 
response data on higher order curvatures (cross elasticities of substitution) require flexible functional forms (Perroni 
and Rutherford (1996)).  In these forms the benchmark equilibrium is explicitly tied to the response data.  Even with 
convenient functions, however, there are cases where elasticities and shares must be considered simultaneously. For 
example, any number of leisure value shares are consistent with a given uncompensated labor supply elasticity in a 
benchmark equilibrium.  This is true even when a CES is specified between separable-leisure and other 
consumption, because the choice of labor supply effects income.  Balard (1999) makes an important argument that it 
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applications one compiles a database that includes a point estimate on each of the required 

parameters.  The key question is the source of the estimates.  The estimates seldom come from 

an independent source and rarely are estimated in a way that is consistent with the model 

structure.  The problematic nature of this practice is outlined by the critiques of Jorgenson (1984) 

and McKitrick (1995).   

Examples of models that integrate some elements of consistent econometric estimation 

include Jorgenson (1984), Jorgenson, Selesnick and Wilcoxen (1992), McKitrick (1995), and 

McKibbin, Shackleton, and Wilcoxen (1998).  Wilcoxen (1988) explains the method used to 

construct the necessary data for his time series estimation.  He constructs consistent annual 

input-output tables for the years 1947 through 1985.  This might appear to be a rich data source, 

but in fact his primary data only consists of 6 benchmark tables (1947, 1958, 1963, 1967, 1972, 

and 1977) that often used evolving industry definitions.5 

It is interesting to note that McKibbin, Shackleton, and Wilcoxen explicitly reject some 

of their estimates and impose arbitrarily lower production elasticities (on energy sectors in this 

case).  Their explanation for imposing these lower elasticities was to “help the model more 

accurately track the physical quantities of energy inputs and outputs to the sector”  (p.7).  We 

interpret this as their rejection of the econometric point estimates, not because the statistical 

model failed, but on practical grounds; the estimates imply unrealistic responses when used in 

the model. 

                                                                                                                                                             
is prudent to consider the interactions between substitution elasticities and value-shares when calibrating labor 
supply because welfare analysis is sensitive to the implied income elasticity of leisure.  Other cases of calibration 
that blur the line between benchmark equilibrium data and response parameters include merger simulation models 
(Frobe and Werden (1996)).  These procedures combine the market data and elasticities to imply the firms’  marginal 
costs.  
5 Our source data also come from the BEA; the primary difference between Wilcoxen’s and our data is that the BEA 
completed the data set by filling in the gaps. Documentation on how the BEA actually constructed the data is 
provided in Lum, Moyer, and Yuskavage (2000), and Survey of Current Business (2001). 
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Following the lead of the real business cycle literature and a philosophical acceptance of 

calibration as a method of estimation (Dawkins, Srinivasan, and Whalley (2001)), there is a new 

direction in the literature to combine aspects of stochastic estimation in structural general 

equilibrium models (Liu, Arndt, and Hertel (2001), and Francois (2001)).  These ideas are in 

there infancy but appear promising.   

This paper offers a set of elasticities using standard econometric techniques that might be 

useful in the traditional calibrated computational model.  Our estimates have the advantage that 

they update earlier work using the latest data, cover a number of sectors, and provide an 

indication of the long-run versus short-run elasticities.  

 

I I I .  An Argument for  Cobb-Douglas in the Growth L iterature 

Nicholas Kaldor (1963) outlined a number of stylized facts that are often used as a 

guideline for formulating reasonable models of economic growth (see Robert J. Barro and Xavier 

Sala-i-Martin, 1995).  Kaldor’s facts illustrate a great deal of stability in the growing economy.  

For example, the ratio of physical capital to output is nearly constant over a long time series.  

The stability in the data conveniently limits the theoretic search to those models that possess 

steady-state characteristics.  Models of capital accumulation, at least of developed countries, that 

do not converge to a constant capital-output ratio in the long run are difficult to defend given the 

evidence.      

Harrod-neutral technical change is a condition that must be placed on production to 

achieve a steady state.  The Cobb-Douglas form is the only form that reduces to Harrod 

neutrality even when capital or total factor productivity grows over time.  So although Cobb-

Douglas is a restrictive form, it allows one to envision a number of flexible mechanisms by 
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which technical progress augments growth, in a model consistent with steady state.  A formal 

proof is provided by Barro and Sala-i-Martin (1995, pp. 54-55).  The Cobb-Douglas restriction 

(unitary substitution elasticity) is a testable hypothesis in our econometric model, but first we 

illustrate how all forms of constant technical change reduce to Harrod neutrality under Cobb-

Douglas.   

Harrod-neutral technical change is often referred to as labor-augmenting because the 

value added composite, Y, in production can be written as: 

)](,[ tALKFY ⋅=       (1) 

where A(t) is an index of technology, which grows at a constant rate over the time index.  There 

are two ways to achieve Harrod neutrality.  First, one might assume that technological 

improvements are truly only applicable to labor.  This is not an appealing assumption because it 

is relatively easy to produce examples of quality improvements in capital over time. 

Alternatively, if one adopts Cobb-Douglas then the technological improvement can be 

rearranged in a way that accommodates both Harrod neutrality and capital improvements.  That 

is, any general set of constant productivity changes over time is shown to be Harrod neutral if we 

place a restriction on the functional form: Cobb-Douglas. 

As an example, consider that generic productivity growth is indexed by T(t), capital’s 

productivity index is B(t), and labor’s productivity index is C(t).  In the general form (which is 

not necessarily consistent with steady-state) output is represented as: 

)](),([)( tCLtBKFtTY ⋅⋅⋅=      (2) 

and in the special case of Cobb-Douglas:6 

   ( ) ( ) αα −⋅⋅⋅= 1)()()( tCLtBKtTY     (3) 
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This reduces to the labor augmenting form if A(t) is defined by: 

α
α

α −−⋅≡ 11

1

)()()()( tBtTtCtA      (4) 

No restrictions on the relationship between T(t), B(t), and C(t) are required to achieve a reduced 

form that exhibits Harrod neutrality.  Non-neutral and other forms of neutrality (Hicks neutrality 

and Solow neutrality) all reduce to Harrod neutrality when we assume Cobb-Douglas.   

 It is difficult to make a judgment on what restriction to apply.  The Cobb-Douglas form is 

very limiting, and yet it seems reasonable that capital becomes more productive over time.  In 

addition, rejecting Cobb-Douglas might only lead to a minor relaxation.  The constant elasticity 

of substitution form, which is the common alternative, is only one parameter less restrictive.  

Absent a richer theory that resolves these conflicts, Cobb-Douglas in the value-added nest might 

be a reasonable starting point for sensitivity analysis in most neoclassical computational models.  

Furthermore, if steady-state is to be maintained, the domain of the sensitivity analysis is logically 

restricted to alternative assumptions about capital’s productivity under Cobb-Douglas, or varying 

the substitution elasticity while holding capital’s productivity fixed.  In the next section we use 

an econometric model to estimate the substitution elasticities and test the hypothesis that 

production is Cobb-Douglas at the industry level and at various levels of aggregation.  

 

IV.  Empir ical Model  

The value added nest of the production function is assumed to take on a constant 

elasticity of substitution form.  Inputs of capital and labor enter in the following fashion: 

1)1()1( ])1([ −−− ⋅−+⋅= σ
σ

σσσσ αα LKY     (5) 

                                                                                                                                                             
6 The special case, of Cobb-Douglas, is a necessary condition for steady-state if T(t) and B(t) are not constant over 
time (again, see the proof provided by Barro and Sala-i-Martin (1995, pp. 54-55)).  
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where � is the constant elasticity of substitution between the factor inputs, and � is the 

distribution parameter.  Constrained optimization of (5) yields the following log linear 

specification: 

r

w

L

K
ln

1
lnln ⋅+

−
⋅= σ

α
ασ      (6) 

where w and r are the wage and rental rates, respectively.  This equation may be stylized to fit 

the linear regression equation: 

   εββ ++= xy o lnln 1      (7) 

where y is the capital-labor ratio, x is the wage-rental ratio, and �  is the independent and 

identically distributed (iid) error.  The elasticity of substitution between capital and labor is 

represented by �1, the coefficient of interest. 

 

Data 

The four data series that are required to operationalize equation (7) are labor inputs, 

capital inputs, payments to labor, and payments to capital.  A newly released data set by the BEA 

includes these series, specifically, full-time equivalent employees, compensation of employees, 

and property type income.  Compensation of employees is defined as the sum of wages, salary, 

and supplements to wages and salaries.  Property type income includes corporate profits, 

proprietor’s income, rental income, net interest, private capital consumption allowances, business 

transfer payments, and government consumption of fixed capital.7   The BEA data include new 

estimates of gross product by industry over 1947-1998, and represent significant improvements 

over previous data, namely, a comprehensive revision of the national income and product 
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accounts (NIPA’s) and an extension of double deflation techniques, which account for inflation 

in both input and output markets.8  We use the BEA’s newly revised estimates for the net stock 

quantity index of private fixed assets, which include equipment, software and structures.9  The 

estimates provide measures of the value of assets in the prices of the given period, which are end 

of year for net stocks and annual averages for depreciation.  The index uses 1996 as the base 

year.10 

The data were compiled by the BEA using two SIC codes.  For 1947-1987, data were 

classified according to 1972 SIC codes, whereas data from 1987-1999 were compiled using 1987 

SIC codes.  To correct for the discrete change in the time series, the 1987 data from both 

classifications were compared.  Using the proportional difference, we adjust the latter to fit with 

the earlier data.  We use factor input and payments data for 28 two-digit SIC categories.  The 

wage and rental rates were calculated by dividing the compensation to employees by the number 

of full-time equivalent employees, and property-type income by the net stock quantity index, 

respectively.  

 

V.  Econometr ic Results 

Specification 

We adopt equation (5) and apply standard time series econometric estimation techniques.  

We attempt to estimate the long-run elasticities that are appropriate for computable general (and 

partial) equilibrium models.  Capital and labor adjustments to changes in rental and wage rates 

                                                                                                                                                             
7 See Lum, Moyer, and Yuskavage (2000) footnote 8. 
8 Lum, Moyer, and Yuskavage (2000). 
9 See also Survey of Current Business (2001) for formulas to calculate quantity indices. 
10 Survey of Current Business (2000). 
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take time due to the lag involved in accumulating capital and other adjustment frictions.  

Therefore, we allow for time of adjustment in the estimation procedure.   

 We use the weighted-symmetric test to determine the order of integration for each series 

across industries, the ratio of capital to labor inputs, and the corresponding relative factor 

payments.11  A group of non-stationary time series is cointegrated if a linear combination of them 

is stationary; that is, the combination does not have a stochastic trend.  We tested for a long-run, 

stationary relationship between the two ratios for each industry using the Engle-Granger 

technique when the cointegrating variables had a unitary order of integration, I(1).12  The 

cointegration results allowed us to determine whether a single-equation error correction model 

would be an appropriate specification for each series.  

 Equation (7) was estimated separately for each industry category, using one of the three 

specifications laid out below, each utilizing different time-series properties of the series.  The 

first specification is a parsimonious geometric lag model: 

   εββα +++= −121 lnlnln ttot yxy     (8) 

The autoregressive model of order one (AR(1)) specification is useful here because the long-run 

and short-run estimates are easily extracted.  This estimation procedure generates efficient 

estimates in the presence of disturbances that exhibit first order serial correlation.  The long-run 

elasticity is calculated as �1/(1-�2) if 0<�2<1.  The short run elasticity is simply �1. 

The second specification is based on using first differences of the dependent and 

explanatory variables only, and is appropriate for industries with data series that are both I(1) and 

not cointegrated, or with just one I(1) series: 

                                                 
11 The Weighted Symmetric test is recommended over the Dickey-Fuller test because it has (sometimes only 
slightly) higher power (see Pantula, Gonzalex, and Fuller, 1994). 
12 The theory is set forth in Engle and Granger (1987).  The Engle-Granger test is only valid if all the cointegrating 
variables are I(1). 
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   ttot xy εβα +∆+=∆ lnln 1      (9) 

where ∆ln yt = ln yt - ln yt-1 and ∆� ln xt = ln xt -ln xt-1, and �  is an i.i.d. error term.  The short run 

elasticity is �1. 

 Finally, a single equation error correction model is applicable to industries with data 

series that are both I(1) and cointegrated: 

   ttttot xyxy εβββα +++∆+=∆ −− 13121 lnlnlnln   (10) 

This model allows the data to determine the short-run and long-run responses of factor inputs 

with respect to factor payments.  Specifically, the long-run elasticity is –(�3/�2) and the short-run 

elasticity is �1. 

We do not make any judgement about the dynamic structure and thus do not formally test 

among the estimation specifications described above.  Allowing the data to inform the error 

structure implicitly assumes that the error structure can inform the dynamics of the model when, 

in fact, it cannot.  Regardless of how well the time series model is fit to the data, it still has no 

statistical properties that correspond to the actual dynamic model with capital accumulation 

decisions.  We do not submit any one of these as the true specification.  However, we note that 

the estimation results are generally insensitive to specification. 

 

Estimation Results 

 In order to analyze the time series properties of the data, unit root and cointegration tests 

were performed for the capital-labor ratio and wage-rental ratio series.13  Both series for each 

industry, with the exception of a few, were found to be stationary in first-differenced form, or 

                                                 
13 Unit root and cointegration tests were not performed for the following industries because of lack of continuous 
data: metal mining, other transportation equipment, and petroleum and coal products. 
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I(1).14  When series were found to be I(1), tests for second-order integration were easily rejected.  

Results from the Engle-Granger test for cointegration suggest that the series are not cointegrated 

for any of the industries. 

The results from the three specifications—AR(1), first differenced, and single equation 

error correction—are presented in Table 1.  The results from the AR(1) model using the 

Cochrane-Orcutt procedure is presented in the Table 2.  The coefficients of interest are the long- 

and short-run elasticities.  Overall, the elasticity estimates do not vary much across specifications 

either in terms of sign or magnitude.  

The AR(1) model using the Cochrane-Orcutt procedure involves estimating the 

correlation coefficient on the errors and then using these estimates to adjust the data.  Thus, the 

residuals from this new equation are uncorrelated.  The adjusted data replace the original data 

and the equation is re-estimated.15  This procedure eliminated most of the serial correlation that 

was present in many of the estimates and produces long-run and short-run estimates.  Given the 

lack of sensitivity of the estimations to the specification and that this procedure eliminated most 

of the serial correlation, we focus our discussion on these results. 

On interpreting statistical significance, testing the null hypothesis that the elasticity 

estimate is equal to zero is equivalent to a test of the Leontief specification.  Testing the null 

hypothesis that that elasticity estimate is equal to unity is equivalent to a test of the Cobb-

Douglas specification.  We fail to reject the Cobb-Douglas specification for 20 of the 28 

industries (at the five-percent level) and for seven of those industries we fail to reject the 

Leontief specification.  Serial correlation exists in 6 of the 28 individual industry-level 

                                                 
14 Industrial machinery and equipment, motor vehicles and equipment, instruments and related products, and 
printing and publishing. 
15 See Cochrane and Orcutt (1949) for a complete description of this procedure. 
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regressions.  For all of manufacturing industries combined, we reject the Leontief specification, 

but we cannot reject Cobb-Douglas.   

A comparison of direct estimates and weighted averages of disaggregated estimates is 

shown in Table 3.  The VA weighted averages for the industry-wide and manufacturing 

aggregations are higher than the econometric estimates for those two aggregations. The 

estimated elasticity for all industries was 0.95 and the VA weighted average was 1.22.  Similarly, 

the estimate for manufacturing was 1.21, and the VA weighted average was 1.32.16  Also, 

averages for five independent aggregations were calculated: farming and agriculture, mining and 

metals, intermediates, durable manufacturing, and nondurable manufacturing.  The VA weighted 

average was higher for three of these five aggregations.  These calculations reveal weak evidence 

of an aggregation bias and bring into question ex-post aggregations that are commonly 

performed in applied modeling. 

However, we show some estimates with very wide confidence intervals and even some 

negative point estimates.  We do not claim to offer estimates that are superior to industry-level 

studies that look at detailed production functions.  Rather, these estimates and their distributions 

are meant to give the reader a consistent, transparent analysis of this new data source.  

 

VI .  Concluding Remarks 

The factor input substitution elasticity is a key parameter that determines the 

distributional impacts of a policy shift in general equilibrium simulations.  Given the structure of 

most growth models, we posit that the true relationship between capital and labor is likely to be 

close to Cobb-Douglas.  Using a rich new data set by the Bureau of Economic Analysis, we 

                                                 
16 The value-added weighted averages exclude outliers including leather and leather products, food and kindred 
products, and petroleum and coal products. 
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present econometric elasticity estimates for 28 2-digit sectors.  Our estimates have the advantage 

over earlier work in that they utilize a richer, more complete data set, cover a larger number of 

sectors, and provide an indication of the long-run versus short-run elasticities.  We fail to reject 

the Cobb-Douglas specification in 20 of the 28 industries, and for seven of those industries we 

fail to reject the Leontief specification.  We also fail to reject Cobb-Douglas for aggregate 

manufacturing.  Further, value-added weighted averages for various aggregations are compared 

against the econometric estimates from those aggregations.  The calculations reveal the 

possibility of an aggregation bias and suggest a reconsideration of averaging methods in flexible 

aggregation models.  Our findings lend support to the Cobb-Douglas specification as a 

transparent starting point in simulation analysis.  These results and the arguments we forward 

should be of interest to those modelers in search of a starting point for specifying a capital-labor 

substitution rate. 
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