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Goal

• Use establishment data to measure degree of misallocation:

• dispersion in the marginal products of capital and labor

• impact of such dispersion on aggregate TFP

• Need to assume (or estimate) production function(s)

• Even with data on MPKi and MPLi, need to aggregate distortions

• Establishment-level exogenous variation in k, l rarely available

• Also want to understand sources of misallocation



Hsieh-Klenow 2009

• Monopolistic competition so firm prices differ (so far: pi = 1 ∀i)

• Allow capital and labor distortions

• Use wedges in FOCs (Chari-Kehoe-McGrattan) to uncover distortions



Technology
• S sectors index by s. Final good Cobb-Douglas over output of each:

Y = Y ω1
1 Y ω2

2 ...Y ωSS

• Cost-minimization implies PsYs = ωsPY

• P = const × Pω1
1 Pω2

2 ...PωSS

• Measure Ms firms indexed by i in sector s. Ys is CES over output of each:

Ys =
(∫ Ms

0
Y
σ−1
σ

s,i di
) σ
σ−1

, σ > 1

• Cost-minimization implies Ys,i =
(
Ps,i
Ps

)−σ
Ys

• Ps =
(∫Ms

0 P 1−σ
s,i di

) 1
1−σ



Technology

Ys,i = As,iK
αs
s,iL

1−αs
s,i

• Factor shares differ across industries, but not for firms within industry

• Firms face revenue tax τY,s,i and capital tax τK,s,i

max(1− τY,s,i)Ps,iYs,i −WLs,i − (1 + τK,s,i)RKs,i

• Note: Ps,i ∼ Y −1/σ
s,i . Model equivalent to span-of-control with η = 1− 1/σ



Decision Rules

• Optimal price:

Ps,i = σ

σ − 1

(
R

αs

)αs ( W

1− αs

)1−αs 1
As,i

(1 + τK,s,i)αs
1− τY,s,i

• Capital-labor ratio:
Ks,i

Ls,i
= αs

1− αs
W

R

1
1 + τK,s,i

• Employment:
Ls,i ∼

(1− τY,s,i)σ

(1 + τK,s,i)αs(σ−1)A
σ−1
s,i

• Output:
Ys,i ∼

(1− τY,s,i)σ

(1 + τK,s,i)αsσ
Aσs,i



Marginal Revenue Products

• Labor:

MRPLs,i = ∂(Ps,iYs,i)
∂Ls,i

= (1− αs)
σ − 1
σ

Ps,iYs,i
Ls,i

= W
1

1− τY,s,i

• Capital:
MRPKs,i = αs

σ − 1
σ

Ps,iYs,i
Ks,i

= R
1 + τK,s,i
1− τY,s,i

• As earlier, dispersion MRPs is the source of misallocation

• With Cobb Douglas, MRP ∼ Average Revenue Product



TFP losses

• TFPQ vs. TFPR:
TFPQs,i = As,i = Ys,i

Kα
s,iL

1−αs
s,i

TFPRs,i = Ps,iYs,i

Kα
s,iL

1−αs
s,i

• Note: Ps,i rarely observed. So researchers usually report TFPR

• Sometimes interpret TFPR is a measure of productivity (A) which is wrong

• Wrong because TFPR is a measure of distortions, not productivity:

TFPRs,i ∼ (MRPKs,i)αs (MRPLs,i)1−αs ∼ (1 + τK,s,i)αs
1− τY,s,i



TFP Losses
• Let Ks =

∫Ms

0 Ks,idi, Ls =
∫Ms

0 Ls,idi

• As earlier, output in sector s is also Cobb-Douglas:

Ys = TFPsKαs
s L1−αs

s

TFPs =
(∫ Ms

0

(
As,i

TFPRs,i
TFPRs,i

)σ−1

di
) 1
σ−1

• TFPR is (approx.) weighted average of TFPRs,i. See footnote 11

• With log-normality:

log TFPs = 1
σ − 1 log

(∫ Ms

0
(As,i)σ−1 di

)
− σ

2 variance(TFPs,i)



Datasets

• India: ASI. Only keep manufacturing

• 1988-1995. Census: all plants > 50 wks & 1/3 > 10 wks

• 40,000 per year

• Variables:

• 4-digit ISIC industry code, age
• labor compensation (wages + bonuses + benefits)
• book value of capital stock
• value added

• Drop outliers (top and bottom 1% by productivity, TFPR)



Datasets

• China: ASIP (Data on firms, not plants). Only keep manufacturing

• 1998-2005. Census: all state + private if revenue > $600,000

• 100,000 in 98 to 200,000 in 2005

• Variables:

• 4-digit ISIC industry code, age
• wage payments (impute benefits to match 50% labor share)
• book value of capital stock
• value added

• Drop outliers (top and bottom 1% by productivity, TFPR)



Datasets

• US: Census of Manufacturers

• 1977-(5)-1997. Census: all plants

• 160,000

• Variables:

• 4-digit ISIC industry code, no age (impute from entry year)
• compensation (wages + benefits)
• book value of capital stock
• value added

• Drop outliers (top and bottom 1% by productivity, TFPR)



Calibration

• Assume parameters identical in all countries:

• R = 0.10 (argue not important)

• σ = 3 (lower bound of estimates)

• αs = 1 − labor share in industry s in U.S.



Recover distortions and productivity

• Use first-order conditions

1 + τK,s,i = αs
1− αs

WLs,i
RKs,i

1− τY,s,i = σ

σ − 1
WLs,i

(1− αs)Ps,iYs,i

As,i = κs
(Ps,iYs,i)

σ
σ−1

Kα
s,iL

1−α
s,i

• Ps,iYs,i: nominal value added (sales net of cost of materials, energy etc.)

• WLs,i: nominal labor compensation to control for skill differences

• Ks,i: book value of K

• κs: function of Ps and Ys. Set to 1 since does not affect reallocation gains
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FIGURE I
Distribution of TFPQ

the United States. Table II provides TFPR dispersion statistics for
a number of country-years. The ratio of 75th to 25th percentiles
of TFPR in the latest year are 2.2 in India, 2.3 in China, and
1.7 in the United States. The ratios of 90th to 10th percentiles of
TFPR are 5.0 in India, 4.9 in China, and 3.3 in the United States.
These numbers are consistent with greater distortions in China
and India than the United States.15

15. Hallward-Driemeier, Iarossi, and Sokoloff (2002) similarly report more
TFP variation across plants in poorer East Asian nations (Indonesia and the
Philippines vs. Thailand, Malaysia, and South Korea).
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TABLE I
DISPERSION OF TFPQ

China 1998 2001 2005

S.D. 1.06 0.99 0.95
75 − 25 1.41 1.34 1.28
90 − 10 2.72 2.54 2.44
N 95,980 108,702 211,304

India 1987 1991 1994

S.D. 1.16 1.17 1.23
75 − 25 1.55 1.53 1.60
90 − 10 2.97 3.01 3.11
N 31,602 37,520 41,006

United States 1977 1987 1997

S.D. 0.85 0.79 0.84
75 − 25 1.22 1.09 1.17
90 − 10 2.22 2.05 2.18
N 164,971 173,651 194,669

Notes. For plant i in industry s, TFPQsi ≡ Ysi
Kαs

si (wsi Lsi )1−αs
. Statistics are for deviations of log(TFPQ) from

industry means. S.D. = standard deviation, 75 − 25 is the difference between the 75th and 25th percentiles,
and 90 − 10 the 90th vs. 10th percentiles. Industries are weighted by their value-added shares. N = the
number of plants.

TABLE II
DISPERSION OF TFPR

China 1998 2001 2005

S.D. 0.74 0.68 0.63
75 − 25 0.97 0.88 0.82
90 − 10 1.87 1.71 1.59

India 1987 1991 1994

S.D. 0.69 0.67 0.67
75 − 25 0.79 0.81 0.81
90 − 10 1.73 1.64 1.60

United States 1977 1987 1997

S.D. 0.45 0.41 0.49
75 − 25 0.46 0.41 0.53
90 − 10 1.04 1.01 1.19

Notes. For plant i in industry s, TFPRsi ≡ Psi Ysi
Kαs

si (wsi Lsi )1−αs
. Statistics are for deviations of log(TFPR) from

industry means. S.D. = standard deviation, 75 − 25 is the difference between the 75th and 25th percentiles,
and 90 − 10 the 90th vs. 10th percentiles. Industries are weighted by their value-added shares. Number of
plants is the same as in Table I.
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FIGURE II
Distribution of TFPR

For India and China, Table III gives the cumulative percent-
age of the variance of TFPR (within industry-years) explained by
dummies for ownership (state ownership categories), age (quar-
tiles), size (quartiles), and region (provinces or states). The results
are pooled for all years, and are cumulative in that “age” includes
dummies for both ownership and age, and so on. Ownership is less
important for India (around 0.6% of the variance) than in China
(over 5%). All four sets of dummies together account for less than
5% of the variance of TFPR in India and 10% of the variance of
TFPR in China.



Distribution of TFPR
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TABLE I
DISPERSION OF TFPQ

China 1998 2001 2005

S.D. 1.06 0.99 0.95
75 − 25 1.41 1.34 1.28
90 − 10 2.72 2.54 2.44
N 95,980 108,702 211,304
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. Statistics are for deviations of log(TFPQ) from
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and 90 − 10 the 90th vs. 10th percentiles. Industries are weighted by their value-added shares. N = the
number of plants.

TABLE II
DISPERSION OF TFPR

China 1998 2001 2005

S.D. 0.74 0.68 0.63
75 − 25 0.97 0.88 0.82
90 − 10 1.87 1.71 1.59

India 1987 1991 1994

S.D. 0.69 0.67 0.67
75 − 25 0.79 0.81 0.81
90 − 10 1.73 1.64 1.60

United States 1977 1987 1997

S.D. 0.45 0.41 0.49
75 − 25 0.46 0.41 0.53
90 − 10 1.04 1.01 1.19

Notes. For plant i in industry s, TFPRsi ≡ Psi Ysi
Kαs

si (wsi Lsi )1−αs
. Statistics are for deviations of log(TFPR) from

industry means. S.D. = standard deviation, 75 − 25 is the difference between the 75th and 25th percentiles,
and 90 − 10 the 90th vs. 10th percentiles. Industries are weighted by their value-added shares. Number of
plants is the same as in Table I.
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TABLE III
PERCENT SOURCES OF TFPR VARIATION WITHIN INDUSTRIES

Ownership Age Size Region

India 0.58 1.33 3.85 4.71
China 5.25 6.23 8.44 10.01

Notes. Entries are the cumulative percent of within-industry TFPR variance explained by dummies for
ownership (state ownership categories), age (quartiles), size (quartiles), and region (provinces or states). The
results are cumulative in that “age” includes dummies for both ownership and age, and so on.

Although it does not fit well into our monopolistically compet-
itive framework, it is useful to ask how government-guaranteed
monopoly power might show up in our measures of TFPQ and
TFPR. Plants that charge high markups should evince higher
TFPR levels. If they are also protected from entry of nearby com-
petitors, they may also exhibit high TFPQ levels. Whereas we
frame high TFPR plants as being held back by policy distortions,
such plants may in fact be happily restricting their output. Still,
such variation in TFPR is socially inefficient, and aggregate TFP
would be higher if such plants expanded their output.

We next calculate “efficient” output in each country so we
can compare it with actual output levels. If marginal products
were equalized across plants in a given industry, then industry
TFP would be Ās = (

∑Ms
i=1 Aσ−1

si )
1

σ−1 . For each industry, we calculate
the ratio of actual TFP (15) to this efficient level of TFP, and
then aggregate this ratio across sectors using our Cobb-Douglas
aggregator (1):

(20)
Y

Yefficient
=

S∏
s=1

⎡
⎣ Ms∑

i=1

(
Asi

As

TFPRs

TFPRsi

)σ−1
⎤
⎦

θs/(σ−1)

.

We freely admit this exercise heroically makes no allowance for
measurement error or model misspecification. Such errors could
lead us to overstate room for efficiency gains from better alloca-
tion. With these caveats firmly in mind, Table IV provides percent
TFP gains in each country from fully equalizing TFPR across
plants in each industry. We provide three years per country. Full
liberalization, by this calculation, would boost aggregate manu-
facturing TFP by 86%–115% in China, 100%–128% in India, and
30%–43% in the United States. If measurement and modeling
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TABLE IV
TFP GAINS FROM EQUALIZING TFPR WITHIN INDUSTRIES

China 1998 2001 2005

% 115.1 95.8 86.6

India 1987 1991 1994

% 100.4 102.1 127.5

United States 1977 1987 1997

% 36.1 30.7 42.9

Notes. Entries are 100(Yefficient/Y− 1) where Y/Yefficient = ∏S
s=1[

∑Ms
i=1( Asi

As
TFPRs
TFPRsi

)σ−1]θs/(σ−1) and

TFPRsi ≡ Psi Ysi
Kαs

si (wsi Lsi )1−αs
.

errors are to explain these results, they clearly have to be much
bigger in China and India than the United States.16

Figure III plots the “efficient” vs. actual size distribution of
plants in the latest year. Size here is measured as plant value-
added. In all three countries the hypothetical efficient distribu-
tion is more dispersed than the actual one. In particular, there
should be fewer mid-sized plants and more small and large plants.
Table V shows how the size of initially big vs. small plants would
change if TFPR were equalized in each country. The entries are
unweighted shares of plants. The rows are initial (actual) plant
size quartiles, and the columns are bins of efficient plant size
relative to actual size: 0%–50% (the plant should shrink by a half
or more), 50%–100%, 100%–200%, and 200+% (the plant should
at least double in size). In China and India the most populous col-
umn is 0%–50% for every initial size quartile. Although average
output rises substantially, many plants of all sizes would shrink.
Thus many state-favored behemoths in China and India would be
downsized. Still, initially large plants are less likely to shrink and
more likely to expand in both China and India (a pattern much
less pronounced in the United States). Thus TFPR increases with
size more strongly in China and India than in the United States.
The positive size-TFPR relation in India is consistent with Baner-
jee and Duflo’s (2005) contention that Indian policies constrain its
most efficient producers and coddle its least efficient ones.

16. In India, the variation over time is not due to the smaller, sampled plants
moving in and out of the sample. When we look only at larger census plants the
gains are 89%–123%.
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TABLE IV
TFP GAINS FROM EQUALIZING TFPR WITHIN INDUSTRIES

China 1998 2001 2005

% 115.1 95.8 86.6

India 1987 1991 1994

% 100.4 102.1 127.5

United States 1977 1987 1997

% 36.1 30.7 42.9

Notes. Entries are 100(Yefficient/Y− 1) where Y/Yefficient = ∏S
s=1[

∑Ms
i=1( Asi

As
TFPRs
TFPRsi

)σ−1]θs/(σ−1) and

TFPRsi ≡ Psi Ysi
Kαs

si (wsi Lsi )1−αs
.

errors are to explain these results, they clearly have to be much
bigger in China and India than the United States.16

Figure III plots the “efficient” vs. actual size distribution of
plants in the latest year. Size here is measured as plant value-
added. In all three countries the hypothetical efficient distribu-
tion is more dispersed than the actual one. In particular, there
should be fewer mid-sized plants and more small and large plants.
Table V shows how the size of initially big vs. small plants would
change if TFPR were equalized in each country. The entries are
unweighted shares of plants. The rows are initial (actual) plant
size quartiles, and the columns are bins of efficient plant size
relative to actual size: 0%–50% (the plant should shrink by a half
or more), 50%–100%, 100%–200%, and 200+% (the plant should
at least double in size). In China and India the most populous col-
umn is 0%–50% for every initial size quartile. Although average
output rises substantially, many plants of all sizes would shrink.
Thus many state-favored behemoths in China and India would be
downsized. Still, initially large plants are less likely to shrink and
more likely to expand in both China and India (a pattern much
less pronounced in the United States). Thus TFPR increases with
size more strongly in China and India than in the United States.
The positive size-TFPR relation in India is consistent with Baner-
jee and Duflo’s (2005) contention that Indian policies constrain its
most efficient producers and coddle its least efficient ones.

16. In India, the variation over time is not due to the smaller, sampled plants
moving in and out of the sample. When we look only at larger census plants the
gains are 89%–123%.

Much larger in China and India
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TABLE IV
TFP GAINS FROM EQUALIZING TFPR WITHIN INDUSTRIES

China 1998 2001 2005

% 115.1 95.8 86.6

India 1987 1991 1994

% 100.4 102.1 127.5

United States 1977 1987 1997

% 36.1 30.7 42.9

Notes. Entries are 100(Yefficient/Y− 1) where Y/Yefficient = ∏S
s=1[

∑Ms
i=1( Asi

As
TFPRs
TFPRsi

)σ−1]θs/(σ−1) and

TFPRsi ≡ Psi Ysi
Kαs
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errors are to explain these results, they clearly have to be much
bigger in China and India than the United States.16

Figure III plots the “efficient” vs. actual size distribution of
plants in the latest year. Size here is measured as plant value-
added. In all three countries the hypothetical efficient distribu-
tion is more dispersed than the actual one. In particular, there
should be fewer mid-sized plants and more small and large plants.
Table V shows how the size of initially big vs. small plants would
change if TFPR were equalized in each country. The entries are
unweighted shares of plants. The rows are initial (actual) plant
size quartiles, and the columns are bins of efficient plant size
relative to actual size: 0%–50% (the plant should shrink by a half
or more), 50%–100%, 100%–200%, and 200+% (the plant should
at least double in size). In China and India the most populous col-
umn is 0%–50% for every initial size quartile. Although average
output rises substantially, many plants of all sizes would shrink.
Thus many state-favored behemoths in China and India would be
downsized. Still, initially large plants are less likely to shrink and
more likely to expand in both China and India (a pattern much
less pronounced in the United States). Thus TFPR increases with
size more strongly in China and India than in the United States.
The positive size-TFPR relation in India is consistent with Baner-
jee and Duflo’s (2005) contention that Indian policies constrain its
most efficient producers and coddle its least efficient ones.

16. In India, the variation over time is not due to the smaller, sampled plants
moving in and out of the sample. When we look only at larger census plants the
gains are 89%–123%.

Falling in China: accounts 1/3 of TFP growth
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TABLE IV
TFP GAINS FROM EQUALIZING TFPR WITHIN INDUSTRIES

China 1998 2001 2005

% 115.1 95.8 86.6

India 1987 1991 1994
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errors are to explain these results, they clearly have to be much
bigger in China and India than the United States.16

Figure III plots the “efficient” vs. actual size distribution of
plants in the latest year. Size here is measured as plant value-
added. In all three countries the hypothetical efficient distribu-
tion is more dispersed than the actual one. In particular, there
should be fewer mid-sized plants and more small and large plants.
Table V shows how the size of initially big vs. small plants would
change if TFPR were equalized in each country. The entries are
unweighted shares of plants. The rows are initial (actual) plant
size quartiles, and the columns are bins of efficient plant size
relative to actual size: 0%–50% (the plant should shrink by a half
or more), 50%–100%, 100%–200%, and 200+% (the plant should
at least double in size). In China and India the most populous col-
umn is 0%–50% for every initial size quartile. Although average
output rises substantially, many plants of all sizes would shrink.
Thus many state-favored behemoths in China and India would be
downsized. Still, initially large plants are less likely to shrink and
more likely to expand in both China and India (a pattern much
less pronounced in the United States). Thus TFPR increases with
size more strongly in China and India than in the United States.
The positive size-TFPR relation in India is consistent with Baner-
jee and Duflo’s (2005) contention that Indian policies constrain its
most efficient producers and coddle its least efficient ones.

16. In India, the variation over time is not due to the smaller, sampled plants
moving in and out of the sample. When we look only at larger census plants the
gains are 89%–123%.

Increasing in India: reason for much smaller TFP growth?
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FIGURE III
Distribution of Plant Size

Although we expressed the distortions in terms of output
(τY si) and capital relative to labor (τKsi), in Appendix III, we show
that these are equivalent to a particular combination of labor (τ ∗

Lsi)
and capital (τ ∗

Ksi) distortions. In Appendix III, we also report that
more efficient (higher TFPQ) plants appear to face bigger distor-
tions on both capital and labor.



Measurement error

• Argue can’t be only story: why is it so much worse in China & India?

• Results change little if trim top/bottom 2% outliers

• Argue TFPR much lower for state-owned & exiting so isn’t entirely noise

• But we saw ownership explains very little

• Much less variance in input growth (though much more in revenue growth)
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TABLE X
DISPERSION OF INPUT AND REVENUE GROWTH

Inputs Revenue

China
S.D. 0.45 1.00
75 − 25 0.34 0.93

India
S.D. 0.28 0.70
75 − 25 0.24 0.60

United States
S.D. 0.68 0.43
75 − 25 0.43 0.32

Notes. Entries are the standard deviation (S.D.) and interquartile range (75 − 25) of d log PsiYsi and
d log Kαs

si (wsi Lsi )1−αs . All variables are measured relative to the industry mean, and with industries weighted
by their value-added shares. Entries are pooled for all years.

Table X presents the relevant statistics.20 Input growth actually
varies much less across plants in China and India than the United
States. Revenue growth, however, varies a lot more in China and
India than the United States. So the growth rates, too, provide
mixed evidence on whether TFPR is noisier in China and India.
Of course, true dispersion of input growth could be lower in China
and India.

Finally, if measurement error is less persistent than true vari-
ables, then “instrumenting” with lagged variables should shrink
efficiency gains more in China and India than in the United States.
The TFP gain from fully equalizing TFPR levels falls from 87%
under “OLS” to 72% under “IV” in 2005 China, from 127% to 108%
in 1994 India, and from 43% to 26% in the 1997 United States. By
this metric, measurement error accounts for a bigger fraction of
the gains in the United States than in China or India. Of course, it
could instead be that measurement error is more persistent than
true TFPR.

To recap, the statistics in this subsection are inconclusive.
They do not provide clear evidence that the signal-to-noise ratio
for TFPR is higher in the United States than in China and India,
but neither do they entirely rule out the possibility. In addition,
we cannot rule out nonclassical measurement error across plants
as the source of greater TFPR dispersion in China and India.

20. For this and all other U.S. calculations requiring a panel, we use the ASM
rather than just the CM. We measure input growth as the growth rate of Kαs

si L1−αs
si .

Can’t rule out large measurement error in Revenue (value added)
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• “Accounting for Plant-Level Misallocation"

• Argue capital, not labor/interm. inputs most distorted

• Most dispersion MRPK: permanent differences across firms

• Limited role for adjustment costs



Data

• Use Korean Annual Mining & Manufacturing Survey ′91 to ′98

• All establishments 5+ workers

• Revenue (Y), labor (WL), materials (PM), capital (K)

• Detailed data on investment

• Construct K (buildings + equipment) using PI method

• Also compare to book value



Dispersion in ln(Y/K) larger than other factors

All plants Top 80 % revenue

var ln( YK ) 1.23 1.06

var ln( Y
WL) 0.35 0.30

var ln( Y
PM ) 0.40 0.20

plant-year obs. 592996 49464



Decompose dispersion ln(Y/K)

• Fraction of variance ln(Y/K) due to:

year dummies 0.00

5-digit industry dummies 0.14

plant dummies (survive all years) 0.72

• Conditional on surviving 91-98:

• median within-plant time-series var. : 0.16
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More plants
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Efficient size distribution
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Measurement Error in Capital

• We construct K using perpetual inventory method:

Kit = Kit−1 + Iit −Depit

• Use book value of K to initialize Ki,91. Measurement error?

• Ask: can measurement error in Ki,91 account for dispersion ln(Y/K)?

• Counterfactual: choose Ki,91 s.t. σ (Y/K) = 0 in 1991

• Use perpetual inventory method subsequent years.

• Keep plants in sample 1991-1998



Measurement of Initial Capital Stock
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Omitted Rental Capital

• Some plants (esp. small) rent equipment and structures

• Add Rent/R to K

• var(lnY/K) declines from 1.23 to 0.85.

• Smallest 25% rent 1/3 K. Largest 25% rent 1/10 K.



Use electricity use as proxy for capital services

• K-stock 6= K-services

• e.g. variable K-utilization

• Use electricity consumption instead of K (Leontieff)

• var(lnY/E) = 1.10 v.s. var(lnY/K) = 1.23

• corr(ln(E), ln(K)) = 0.77



Measurement of Revenue

• Use data on materials use to purify y = a+ αk + u

• Olley-Pakes (96) and Levinsohn-Petrin (03): m = G(k, a)

• Nonparametric regression of y on k and m: purified revenue yp

• var(yp − k) = 1.04



Is dispersion in MRPK due to adjustment costs?

• Distribution of plant-level I/K:

• Inaction: many plants I = 0

• Irreversibility: few I < 0

• Spikes: large I episodes



Unconditional
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Additional motivation for adjustment costs

• Buildings vs. Machinery

• Buildings: I 6= 0 every 5 years. var(Y/K) = 2.34

• Machinery: I 6= 0 every 2 years. var(Y/K) = 1.18



Model

• PE problem of a plant:

• Idiosyncratic productivity: independent Markov process

• Fixed costs of producing, sunk costs of entering

• Capital adjustment frictions

• Partial irreversibility (lower sale price of K)
• Fixed installation cost



Technology

• Revenue net labor and materials payments

Π = max
M,L

PY − wL− pM = exp(x)Kα

• Fixed, per-period operating cost ξ ∼ iid
(

ξ−0
ξmax−0

)η
• Productivity: x = a+ z

• a = ρa−1 + ε, ε ∼ N(0, σ2
a)

• z ∼ N(0, σ2
z)



Adjustment Costs & Entry/Exit

• Adjustment Costs

• Time-to-build: 1-period lag btw investment and use
• Installing (selling) capital: fixed cost κ
• Partial irreversibility: selling price Ps < 1

• Entry/Exit:

• Entrant pays sunk cost, φe, draw a ∼ N
(

0, σ2
a

1−ρ2

)
, invests

• To continue: pay fixed cost ξ
• Exit: produce, sell K



Dynamic Program:

V (K, a, z, ξ) = max (V a, V n, Ps(1− δ)K + exp(a+ z)Kα)

• Value of adjusting K:

V a = max
K′

exp(a+ z)Kα − κ− ξ − (K ′ − (1− δ)K)︸ ︷︷ ︸
I

×

(1× (I > 0) + Ps (I < 0)) + β

∫
V (K ′, a′, ξ′, z′)dF (a′, ξ′, z′|a)

• Value of not adjusting K:

V n = exp(a+ z)Kα − ξ + β

∫
V ((1− δ)K, a′, ξ′, z′)dF (a′, ξ′, z′|a)



Value of entering

V o = −φe +
∫
a

max
K(a)
−K(a) + β

∫
a′×z′×ξ′

V (K, a′, z′, ξ′)dF (a′, z′, ξ′|a)

 dΦ(a)

• Entry/exit does not distort capital accumulation decision



Optimal Policy Rules: Partial Irreversibility
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Partial irreversibility + Time to Build
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Optimal Policy Rules: Fixed Cost
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Fixed cost and Time-to-Build
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Optimal Policy Rules: PI & Fixed Cost
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Parametrization

• Assigned parameters:

• α = 0.45 (from θ = 0.85) and L, M shares

• β = 0.925 (real corporate bond rate Korea 1990-1998 = 8%)

• Calibrate rest



Calibration Strategy: moments

• Productivity: ρ, σa, σz
• var(yit), corr(yit, yit−1), corr(yit,yit−2)

corr(yit,yit−1)

• Adjustment costs: Ps, κ
• distribution of I/K: skewness, inaction, freq. < 0

• Fixed cost: ξmax, η
• exit hazard (ages 1-5, 6-10, 11-20)

• Depreciation: δ:
• mean I/K



Moments used in calibration

Data Model
var y 2.06 2.06

autocorr. y 0.942 0.943
corr y−2/corr y−1 0.972 0.973

mean I/K 0.13 0.13
median I/K 0.00 0.00
std. dev. I/K 0.38 0.33

skeweness I/K 5.01 3.20
fraction I/K ≤ 0 0.04 0.04

fraction I/K ≤ mean/4 0.67 0.74

mean IK if IK ≤ 0 -0.13 -0.16
autocorr. IK 0.08 0.14



Exit Hazards
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Scale-dependent growth
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Parameter values

δ 0.055

ρ 0.949
σε 0.235
σz 0.30

Ps 0.81
κ, % mean I 0.89

ξmax, rel. to mean π 14.7
η 0.089



Misallocation

Data Model

var r/k 1.23 0.17

median var r/ki 0.16 0.14

∆ logA× 100 -39.5 -6.7



Role of K-adj. costs?

• Set Ps = 1 and κ = 0

Data Benchmark No adj. costs

skewness I/K 5.01 3.20 1.28

fraction I/K ≤ 0 0.04 0.04 0.46

fraction I/K ≤ mean/4 0.67 0.74 0.50



Misallocation

Data Benchmark No adj. costs

var r/k 1.23 0.17 0.13

median var r/ki 0.16 0.14 0.13

TFP losses misllocation, % -39.5 -6.7 -4.9



Bottomline

• Adj. costs generate temporary/small gap (k − k∗)

• Optimal to pay cost to close persistent/large gap

• Can account within-plant var R/K (0.14 vs. 0.16)

• Cannot account persistent R/K differences across plants

• Selection: most inaction reflects small wedges in Euler equation



Working with Plant Level Data



Stata Code, part 1



Stata Code, part 2



Distribution of MRPK and MRPL



Distribution of TFPR and TFPQ



Stata Code, part 3



TFP loss from misallocation


