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Introduction

What accounts for productivity differences across countries?

• Frontier technologies and best practice methods are slow to diffuse to low-income
countries.

▶ Poor countries are not using the best technology available.

• Low-income countries are not as effective in allocating their factors of production to their
most efficient use.

▶ Production units are not equalizing their marginal products ⇒ Misallocation of resources!
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Sources of Misallocation

• Suppose a Hopenhayn-type of economy where heterogeneous firms produce a good
according a DRS technology: yi = Aif(ki, ni).

• Three channels will affect the amount of output, and hence the overall level of productivity.
▶ Technology channel ⇒ reflects the values of the producer-level productivity Ai; if all of the

Ai are larger, output will be greater.

▶ Selection channel ⇒ reflects the choice of which producers should operate.

▶ Misallocation channel ⇒ reflects the choice of how capital and labor are allocated among
those producers that operate.

• Conceptually, selection is also a type of misallocation. Hard to measure: we do not
observe producers who do not operate.
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Sources of Misallocation

Three broad categories of sources

• Statutory provisions, tax code and regulations.
▶ Tax code that vary with firm characteristics;
▶ Tariffs applied to narrowly defined categories of goods;
▶ Labor market/product market/land market regulations.

• Discretionary provisions made by the government or other entities.
▶ Government corruption and “crony capitalism”;
▶ Subsidies, tax breaks, or low interest rate loans granted to specific firms;
▶ Preferential market access, or selective enforcement of taxes and regulations.

• Market imperfections.
▶ Market power;
▶ Market frictions such as financial frictions;
▶ Enforcement of property rights.
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Restuccia & Rogerson (2008)

• How large is the effect of misallocation on aggregate TFP?

• Restuccia and Rogerson use idiosyncratic producer tax/subsidy rates to broadly reflect
factors that generate misallocation.

• Misallocation can cause quantitatively large output and productivity losses, on the order of
30 to 50%.

• Distortions may or may not be correlated with firm-size, generally larger effects if
correlated with size.
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Restuccia & Rogerson (2008)

• Simple version of Hopenhayn model in SS, calibrated to match features of US economy.

• Basic features:
▶ Inelastic labor supply;

▶ Production function y = zkαnγ , where 0 < α+ γ < 1.

▶ Fixed cost, cf , and entry cost, ce;

▶ Exogenous exit probability, λ > 0;

▶ Normalize price of final good to one; solve for r and w.

▶ Productivity level of the establishment, z, remains constant over time.
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Household

• Representative consumer maximizes

∞∑
t=0

βtu(Ct)

subject to the period budget constraint

Ct +Kt+1 = Ntwt + (1− δ + rt)Kt +Πt + Tt

where Πt and Tt aggregate profits and net taxes.

• In the steady state (use the euler equation):

r = 1/β + 1− δ.
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Firms

• Face output distortions τ . It can be positive (a tax, τ+) or negative (a subsidy, τ−).

• Static profits are:

π(z, τ) = max
n,k

{(1− τ)zkαnγ − wn− rk − cf}.

• Optimal factor demands of this establishment are thus given by:

k(z, τ) =
(α
r

) 1−γ
1−γ−α

( γ
w

) γ
1−γ−α

(z(1− τ))
1

1−γ−α

n(z, τ) =

Å
z(1− τ)γ

w

ã 1
1−γ

k
α

1−γ
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Firms

• Because both τ and z are constant over time, the value for incumbents is

W (z, τ) = π(z, τ) +
1− λ

1 + r
W (z, τ) ⇒ W (z, τ) =

π(z, τ)

1− ρ
,

where ρ =
1− λ

1 + r
is the discount rate of the establishment.

• Entrants pay ce and draw a pair (z, τ) from a distribution G(z, τ) = H(z)P (τ |z).
▶ The draw of τ may be correlated with z.

• Denote χ(z, τ) = 1, the decision to enter after observing the draw. Free entry implies

We =

∫
max

χ(z,τ)∈{0,1}
{χ(z, τ)W (z, τ)− ce}dG(z, τ) = 0
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Invariant Distribution

• Let µ(z, τ) denote the joint distribution of (z, τ) and E the mass of entrants, the law of
motion is:

µ′(z, τ) = µ(z, τ)(1− λ) + χ(z, τ)G(z, τ)E

where ρ =
1− λ

1 + r
is the discount rate of the establishment.

• In a stationary equilibrium this simplifies to

µ(z, τ) = E
χ(z, τ)

λ
G(z, τ)
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Market Clearing and Aggregation

• Capital and labor Market clearing (assume mass one of HH):∫
n(z, τ)dµ(z, τ) = 1

∫
k(z, τ)dµ(z, τ) = K

• Goods market clearing:

C + δK + ceE =

∫
[zk(z, τ)αn(z, τ)γ − cf ]dµ(z, τ)

• Government balance budget:∫
τzk(z, τ)αn(z, τ)γdµ(z, τ) = T
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Calibration
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Calibration

Since capital/labor ratios are equalized across producers, the distribution of labor and capital is
the same as the distribution of output across producers.
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Quantitative analysis

• Introduce random idiosyncratic tax rates, τi on value added of each producer i.

• Tax rate is only realized post-entry, may be conditioned on realized productivity, and
remains constant thereafter.

• Consider four cases: τ+ = {0.1, 0.2, 0.3, 0.4}, τ− is chosen so SS K is unchanged.

• Two cases: uncorrelated distortions and correlated distortions.
▶ Uncorrelated distortions: τ is independent of z.
▶ Correlated: τ is correlated with z.
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Uncorrelated Distortions

YS/Y denotes output share of subsidized firms, S/Y aggregate subsidy as share of output.

16 / 45



Correlated Distortions

Low productivity is subsidized, high productivity is taxed.
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Summary

• Purely random misallocation likely not that costly.
▶ Reallocation occurs within productivity class.

• Correlated distortions have larger impacts on TFP.
▶ Systematic reallocation across productivity classes.
▶ Also more costly to finance the subsidy.

• Amount of misallocation is larger when most taxed and few subsidized.

• Subsidizing most productive and taxing least productive is also TFP-reducing, but effects
are much smaller because less scope for misallocation.
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Measuring Misallocation

• The R&R exercise does not attempt to measure misallocation.

• Instead it assesses the potential of resource misallocation across productive units to
generate large aggregate income per capita differences.

• Note that in their benchmark they abstract from entry issues such as selection. This can
increase the negative impact of the wedge.

• How to measure misallocation?
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Measuring Misallocation

• Direct Approach: assess one specific source of misallocation.
▶ Usually requires a full structural model;
▶ Use the model to compute a counter factual (efficient) economy;
▶ Requires a quantitative measure of the underlying source of misallocation.

• Indirect Approach: identify the extent of misallocation without identifying the underlying
source of the misallocation.

▶ Requires little structure (usually a production function);
▶ Requires good data to compute the MPN and MPK given a production function;
▶ How to deal with measurement error and other sources of dispersion of MPN/MPK?
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Measuring Misallocation: Indirect Approach

• The indirect approach identifies misallocation from its symptoms.

• Key symptoms? Efficient requires of marginal products: MPNj = MPNi.

• For usually assumed production function (i.e., y = znα), this also implies equalization of
the average product:

yi
ni

=
yj
nj

• Given data on y and n, we can identify the size of misallocation.
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Measuring Misallocation: Indirect Approach

Conceptual Issues:
• Must assume a production function. We are looking to the data through the lens of the

model.

• All the differences in MPN are intertepred as misallocation. Can the model specified
wrong? Could the differences in MPN be model misspecification instead (i.e., different
production functions)?

Practical Issues:
• Microdata typically reports revenue piyi instead of quantities yi.

• If prices vary, we cannot identify zi without separating pi from yi.

• Need a framework that permits price heterogeneity → Melitz.
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Hsieh & Klenow (2009, QJE)

• Hsieh & Klenow use the indirect approach to infer misallocation in the US, China and
India from measured gaps in marginal product.

• They find a large dispersion of marginal products across manufacturing firms in the data.

• Counterfactual experiment: Compute the hypothetical gains from reallocating capital
and labor:

▶ eliminating distortions entirely: TFP gains 40% in US vs. 130% in India.

▶ reducing distortions to US level: of 30%–50% in China and 40%–60% in India
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Model

• Final output Y is a Cobb-Douglas aggregate of all industries s output:

Y =

S∏
s=1

Y θs
s ,

S∑
s=1

θs = 1.

• An industry output is a CES aggregate of Ms firms indexed by i that produce
differentiated products:

Ys =

(
Ms∑
s=1

Y
σ−1
σ

is

) σ
σ−1

, σ > 1.

• Individual firms produce with a Cobb-Douglas aggregate of capital and labor:

Yis = AisK
αs
is L1−αs

is , 0 < αs < 1
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Firms and Distortions

• Monopolistic competition implies that a firm is subject to a demand function:
Yis =

Ä
Pis
Ps

ä−σ
Ys.

• Let the firm-specific (idiosyncratic) distortions be:
▶ τY,is: distortions to marginal product of capital and labor.
▶ τK,is: distortions to marginal product of capital relative to labor.

• Profit maximization problem of a firm i in industry s:

πis = max
Pis,Yis,Lis,Kis

(1− τY,is)PisYis − wLis − (1 + τK,is)rKis

s.t. Yis =

Å
Pis

Ps

ã−σ

Ys, Yis = AisK
αs
is L1−αs

is
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Firms and Distortions

• Marginal Revenue Product of K and L equalizes the marginal cost:

MRPKis ≡ PisMPKis

Å
σ − 1

σ

ã
= αs

Å
σ − 1

σ

ã
PisYis
Kis

=
(1 + τK,is)

(1− τY,is)
r

MRPLis ≡ PisMPLis

Å
σ − 1

σ

ã
= (1− αs)

Å
σ − 1

σ

ã
PisYis
Lis

=
1

(1− τY,is)
w

• Compute firm-level “wedges” τK and τY as a residual:
▶ Calibrate αs, σ and r.
▶ Use firm-level data on revenue PisYis, capital Kis and wage-bill wLis.

• τK and τY ⇒ how much firms deviate from their marginal products!
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Firms and Distortions

• Intuitively, variation in capital/labor ratio across firms reveals misallocation of capital:

(1 + τK,is) =
αs

(1− αs)

wLis

rKis

• Variation in labor share reveals overall misallocation to both capital and labor:

(1− τY,is) =
1

(1− αs)

Å
σ

σ − 1

ã
wLis

PisYis

• Using the production function, we can also compute the optimal price given distortions:

Pis =
σ

σ − 1︸ ︷︷ ︸
markup

Å
r

αs

ãαs
Å

w

1− αs

ã1−αs 1

Ais︸ ︷︷ ︸
marginal cost

(1 + τK,is)
αs

1− τY,is︸ ︷︷ ︸
wedges
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Firms and Distortions

• We are also interest to recover firm-level productivity.

• Let TFPQis denote physical productivity (quantity based measure of TFP):

TFPQis ≡ Ais =
Yis

Kαs
is L1−α

is

• Problem: we typically do not observe firm-level output but just revenue. It is useful to
define revenue productivity TFPRis (revenue based measure of TFP):

TFPRis ≡ PisAis =
PisYis

Kαs
is L1−α

is
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Firms and Distortions

• In the efficient benchmark TFPQis will vary across firms, but TFPRis will be constant
across firms (prices scale with Ais).

• Wedges show up in TFPRis. Recall prices:

Pis =
σ

σ − 1︸ ︷︷ ︸
markup

Å
r

αs

ãαs
Å

w

1− αs

ã1−αs 1

Ais︸ ︷︷ ︸
marginal cost

(1 + τK,is)
αs

1− τY,is︸ ︷︷ ︸
wedges

• Using the equations for MRPK and MRPL and the equation above, easy to see that

TFPRis ≡ PisAis ∝ MRPKαs
is MRPL1−αs

is ∝
(1 + τK,is)

αs

1− τY,is
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Firms and Distortions

• We can also recover TFPQ (up to a scale factor) by inverting the demand:

Pis =

Å
Yis
Ys

ã− 1
σ

Ps ⇒ PisYis = Y
σ−1
σ

is PsY
1
σ
s

Yis = (PisYis)
σ

σ−1κs where κs = (PsY
1
σ
s )−

σ
σ−1

• Thus TFPQis can be retrieve as:

Ais =
Yis

Kαs
is L1−α

is

= κs
(PisYis)

σ
σ−1

Kαs
is L1−α

is

where κs absorbs the industry terms.

• What matters is relative productivity (and hence reallocation between firms) so assume
κs = 1. In the paper H&K uses wL instead of L so w goes to κs as well.
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Data and Calibration

• Data:
▶ Manufacturing plants of U.S., China (firms) and India;
▶ Roughly 400 industries (4-digit).
▶ Census for large plants, sample for small plants.
▶ Labor compensation, value-added, book value capital stock.

• Calibration:
▶ r = 0.1 (depreciation = 5% and interest rate 5%);
▶ σ = 3 elasticity of substitution across producers within industry;
▶ 1− αs labor share in corresponding US industry;
▶ θs industry shares are country specific and follow from the data: θs = PsYs/Y .
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Distribution of TFPQ

• Small private plants are underrepresented
in the Chinese survey (so not very
comparable).

• Left tail is thicker in India.

• Consistent with policies favoring the
survival of inefficient plants in India
relative to the US.
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Distribution of TFPR

• High dispersion of TFPR is consistent with
greater distortions in China and India than
the United States.

• Relative to average industry TFPRs.
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What Explains Variation of TFPR

• Observables account for roughly 10% of the variation of TFPR in China and 5% in India.
• State ownership seems to be a big driver in China.
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Aggregates

• How large would the aggregate gains be if the cross-sectional allocation was more efficient?

• Must define aggregate output and TFPs. We define productivity for industry s as:

TFPs ≡
Ys

Kαs
s L1−αs

s

• From the aggregate production function, aggregate output is:

Y =

S∏
s=1

Y θs
s =

S∏
s=1

(TFPsK
αs
s L1−αs

s )θs

• Must get industry aggregates from individual firms. Again, work with the revenue based
measure:

TFPRs ≡
PsYs

Kαs
s L1−αs

s
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Aggregates

• Industry aggregate demand is the sum of individual firms’ demand.

Ks =

Ms∑
i=1

Kis =

Ms∑
i=1

αs

r

Å
σ − 1

σ

ã
PisYis

(1− τY,is)

(1 + τK,is)

Ls =

Ms∑
i=1

Lis =

Ms∑
i=1

(1− αs)

w

Å
σ − 1

σ

ã
PisYis(1− τY,is)

• Substitute:

TFPRs =
σ

σ − 1

[
r

αs

/(Ms∑
i=1

1 + τK,is

1− τY,is

PisYis
PsYs

)]αs [
w

(1− αs)

/(Ms∑
i=1

1

1− τY,is

PisYis
PsYs

)]1−αs

• We can measure TFPRs using the firm-level revenue and wedges, and industry revenue.
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Aggregates

• The optimal price index (recall monopolistically competition):

Ps =

(
Ms∑
i=1

P 1−σ
is

)1/(1−σ)

Ps =

(
Ms∑
i=1

(TFPRis/Ais)
1−σ

)1/(1−σ)

where we use TFPRis = PisAis.

• Since Ps × TFPs = TFPRs, we can re-arrange:

TFPs =

(
Ms∑
i=1

Ç
Ais

TFPRs

TFPRis

åσ−1
)1/(σ−1)
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Aggregates

• Without distortions, TFPRis is the same for all firms and is equal to TFPRs, thus

TFPs =

(
Ms∑
i=1

Aσ−1
is

)1/(σ−1)

is a composite of all individual productivities.

• Idiosyncratic distortions increase the dispersion of TFPRis. Since σ > 1, higher
dispersion implies ↓ TFPs.

• In the case Ais and TFPRis are jointly log-normal, it is possible to show that:

log TFPs =
1

1− σ
log

(
Ms∑
i=1

Aσ−1
is

)
− σ

2
V ar(log TFPRis) + constant
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Equalizing TFPR within Industries

• Recall: Y =
∏S

s=1(TFPsK
αs
s L1−αs

s )θs .

• We can compute how far actual output are from the efficient output:

Y

Yefficient
=

S∏
s=1

[
Ms∑
i=1

Ç
Ais

As

TFPRs

TFPRis

åσ−1
]θs/(σ−1)

where As ≡
Ä∑Ms

i=1A
σ−1
is

ä1/(σ−1)
.

• Note that we are reallocating labor/capital within industries and not across industries.
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Equalizing TFPR within Industries

Gains have been falling in China, suggesting actual distribution has been improving over time.
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Efficient Distribution

• Plant size is value-added.

• Efficient distribution has more dispersed
plant size, fewer middle but more large
and more small plants.
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Gains from Moving to the U.S. Efficiency

These are just “static” gains. They could be magnified by dynamic responses such as
endogenous capital accumulation.
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Equalizing TFPR within Industries

• Probably a lot of the dispersion of TFPR is NOT misallocation:

• TFPR dispersion due to...
▶ Measurement error in revenue or inputs;
▶ Unavoidable adjustment costs and transportation costs;
▶ Compensating differentials for labor (amenities and disamenities);
▶ Differential riskiness of investments in capital, R&D, etc.
▶ Misspecification of the production function: within-industry variation in technology/markup.

• Many robustness checks in the paper...
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Conclusion

• Misallocation can go a long way in explaining cross-country differences in income per
capita.

• Indirect Approach:
▶ Compute ALL the misallocation directly from the data on mg. products.
▶ Cannot give an exact solution because it does not identify the direct source of wedges.

• Need the Direct Approach for that. Possible explanations:
▶ Size-dependent policies/taxes?
▶ Financial frictions?
▶ Entry and land use restrictions?
▶ Discrimination?

• Must specify full model.
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Where to Go Now?

• Size-dependent Policy: Guner et al (2008, RED); Garicano et al (2016, AER);
García-Santana and Pijoan-Mas (2014, JME).

• Firms’ Life-Cycle: Hsieh and Klenow (2014, QJE).

• Market Power: Berger et al. (2021, AER), De Loecker et al. (2020, WP); Edmond et al
(Forthcoming, JPE).

• Managers, Human Capital and Discrimination: Guner et al (2018, RED); Akcigit et al
(2021, AER); Hsieh et al (2019, ECTA).

• Public Sector, Entry Cost and Lobby: Cavalcanti and Santos (2021, JEEA); Brandt et
al (2019, WP); Fattal-Jaef (2022, AEJ:Macro); Huneeus and Kim (2021, WP).

• Industrial Policy: Choi and Levchenko (2021, WP); Kim, Lee and Shin (2021, WP).

• Environmental Policy and Land Misallocation: Fried and Lagakos (2022, WP); Qi,
Tang, and Shi (2021, AEJ:Macro); Diego Restuccia (many papers on land/farm
misallocation).
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