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h i g h l i g h t s

• The returns to scale are important in measuring frictions in resource allocation.
• If CRS assumption fails, Hsieh & Klenow’s (2009) friction measure is problematic.
• We develop a method to accurately measure distortions using MRPK and MRPL.
• Hsieh and Klenow (2009) overestimate the extent of misallocation in China.
• We find that the extent of misallocation in China is considerably lower.
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a b s t r a c t

This paper extends the study by Hsieh and Klenow (2009) on productivity implication of resource
misallocation by relaxing the assumption of constant returns to scale (CRS) for differentiated products.
We show that when the CRS assumption fails, measuring frictions in resource allocation by variation in
revenue productivity, as proposed by Hsieh and Klenow (2009), overestimates the resourcemisallocation
in China.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Hsieh and Klenow (2009) develop a quantitative method to
measure the impact of resource misallocation on aggregate total
factor productivity (TFP). They measure misallocation by the
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variance of log revenue productivity (the product of physical
productivity and the firm’s output price, denoted as TFPR in their
paper). They show empirical evidence that efficient allocation of
both capital and laborwouldhave increasedChina’smanufacturing
TFP by 87%–115% from 1998 to 2005.

Hsieh and Klenow’s results are based on two assumptions. First,
they assume CRS for monopolistic competition industries. Second,
they assume that China has the same output elasticities of capital
and labor as those of the US. However, these two assumptions
do not hold in China largely due to the different institutions and
market conditions.

In this paper, we extend Hsieh and Klenow’s analysis by
relaxing the CRS assumption. We show that the resource
misallocation could not be effectively measured by the variance of
ln (TFPR) when the CRS assumption fails. In this case, the variation
in revenue productivity captures not only the distortions in capital
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and labor, but also the dispersion of firm-specific productivities.
Therefore, using the variance of ln (TFPR) tomeasuremisallocation
could overestimate its implications on aggregate TFP.

We propose to use marginal revenue product of capital (MRPK )
and marginal revenue product of labor (MPRL) to measure
misallocations. We show that the extent to whichMRPK andMRPL
differ across firms is a better measure of distortions when the CRS
assumption fails.

We apply our method to Chinese manufacturing data between
1998 and 2007, twomore years of data than that used byHsieh and
Klenow (2009) (their data are between 1998 and 2005). The output
elasticities of capital and labor across China’s manufacturing
industries are estimated using Levinsohn and Petrin’s (2003)
methodology. The estimation results do not support the CRS
assumption. Our results suggest that the resource misallocation is
considerably lower.

2. Model

2.1. The environment

The model builds upon Hsieh and Klenow’s (2009) by relaxing
CRS assumption for monopolistic competition industries. House-
holds are assumed to consume a standard basket of goods (Y ),
which are produced by a representative firm in a completely com-
petitive market using a Cobb–Douglas production technology:

Y =

S
s=1

Y θs
s , where

S
s=1

θs = 1. (1)

Here, Ys is output in monopolistic competitive industry s, which is
a CES aggregate ofMs differentiated products:

Ys =


Ms
i=1

Y
σ−1
σ

si

 σ
σ−1

, (2)

whereσ is the elasticity of substitution. The production for product
Ysi is given by a Cobb–Douglas function of firm TFP (A), capital (K )
and labor (L):

Y = AsiK
αs
si L

βs
si . (3)

Different from Hsieh and Klenow (2009), we allow decreasing and
increasing returns to scale, thus the sum of output elasticity of
capital,αs, and output elasticity of labor,βs, may not equal to 1. The
firms are heterogeneous in distortions. Distortion that increases
themarginal product of capital (labor) relative to output is denoted
as τKsi(τLsi).

1

2.2. Limitation of TFPR as a Measure of Misallocation

Hsieh and Klenow (2009) show that under the CRS assumption,
the revenue productivity can be expressed as

TFPRsi ≡ PsiAsi =
PsiYsi

Kαs
si L

1−αs
si

∝ (MRPK si)
αs (MRPLsi)1−αs

∝

1 + τKsi

αs 1 + τLsi
1−αs

.

Here, Psi is the price of output Ysi; MRPK si and MRPLsi denote the
marginal revenue products of capital (i.e., ∂ (PsiYsi) /∂Ksi) and labor
(i.e., ∂ (PsiYsi) /∂Lsi), respectively.

1 Hsieh and Klenow (2009) express the distortions in terms of output and
capital relative to labor. They show in Appendix III that these are equivalent to a
combination of capital (τKsi ) and labor (τLsi ) distortions as what we do.

The expression above implies that the revenue productivity
does not vary across firms within an industry unless firms face
capital and/or labor distortions or firms have different marginal
revenue products of capital and/or labor. Therefore, the dispersion
of TFPRsi can be used to measure the extent of misallocation. Hsieh
and Klenow (2009) show that the negative effect of distortion on
aggregate TFP can be fully captured by the variance of ln (TFPRsi).

In our generalized setting (i.e., αs + βs ≠ 1), the revenue
productivity, nevertheless, is given by:

TFPRsi ∝


1 + τKsi

αs 1 + τLsi
βs
 Ts

σ−1
· A[1−(αs+βs)]Ts

si , (4)

where Ts =


σ
σ−1 − (αs + βs)

−1.
It is clear that when the CRS assumption fails, TFPRsi depends

not only on factor distortions, but also on firm productivity, i.e.,
TFPRsi varies across firms even without distortions. Therefore, the
variance of ln(TFPRsi) is not a suitable measure for misallocation
because it captures both the distortions and the dispersion of firm-
level productivity.

2.3. Using MRPK and MRPL to measure distortions

We use the marginal revenue products of capital and labor
(MRPK and MRPL) to accurately measure distortions. This is
because that MRPK and MRPL should be equal across firms within
an industry without distortions regardless of the returns to scale.
Furthermore,MRPK (orMRPL) is positively proportionate to capital
(or labor) distortion and independent on firm-level productivity.
Therefore, the variation in MRPK (MRPL) is a good measure for
capital (labor) distortion.

Industry output can be expressed by a function of industry Ks,
Ls and industry TFP (As):

Ys = AsKαs
s Lβs

s .

Here, As is written as:

As =

 Ms
i=1

Asi ·


MRPK s

MRPK si

αs 
MRPLs
MRPLsi

βs
Ts

1
Ts

, (5)

whereMRPK si = R·

1 + τKsi


andMRPLsi = ω·


1 + τLsi


;MRPK s =

R ·

Ms
i=1

1
1+τKsi

PsiYsi
PsYs

−1
and MRPLs = ω ·

Ms
i=1

1
1+τLsi

PsiYsi
PsYs

−1

respectively represent the weighted average marginal revenue
products of capital and labor in industry s, and R represents capital
rental rate and ω represents wage rate.

If the marginal revenue products of factors are equal across
firms, industry TFP becomes:

As =


Ms
i=1

ATs
si

 1
Ts

. (6)

If Asi, MRPK si and MRPLsi are jointly lognormal distribution,
there is a closed-form expression for industry TFP:

ln As =
1
Ts

ln


Ms
i=1

ATs
si



−
1
2
γ Ts


φsvar (lnMRPK si) + ϕsvar (lnMRPLsi)
+2γαsβscov (lnMRPK si, lnMRPLsi)


(7)

where φs = αs

1 − βs


σ−1
σ


, ϕs = βs


1 − αs


σ−1
σ


, γ =

σ
σ−1 . We assume that firm profits are positive in the absence of
distortions. Thus, φs > 0, ϕs > 0, Ts > 0.
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