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Motivation
• TFP differences account for large fraction of Y/L differences:

Y

L
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L
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L

)

• Ratio of rich (90th percentile) to poor (10th percentile):

• Y/L: 24
• K/L and H/L: 6 - 8
• Implies ratio of A: 3 - 4

• Poor countries TFP today = Rich countries’ TFP 100 years ago

• Difficult to blame on slow technology diffusion

• One possibility: much poorer allocation of resources: misallocation.



Misallocation

• Misallocation = Dispersion in Marginal Product of K, L across firms

• Basic example with 2 firms

• Firm A with MPL = 10, firm B with MPL = 5.
• Allocation inefficient:

• Moving 1 unit of L from B to A increases output by 5 units.

• Continue moving labor until MPLA = MPLB



MPL Dispersion in Cross Section
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MPK Dispersion in Time Series

Korean 1997 Financial Crisis: 
dispersion in K-productivity across plants
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Sources of Misallocation

1. Government policies

• differential rates of taxation/subsidies, access to credit

• size-dependent policies, e.g. subsidies to smaller firms

• promoting certain industries at the expense of others

• labor market policies (e.g. discourage worker turnover)

2. Credit constraints

3. Markup dispersion



Goals

• Measure misallocation

• Understand its sources

• Obvious implications for development policy



Challenges

• Measurement: measuring MPL, MPK difficult

• Many government policies not explicit. Poor data in developing countries

• Markups, borrowing constraints difficult to measure

• Data alone thus not sufficient

• Approach: use theory to guide measurement

• Explicitly model source of misallocation (markups, credit etc.)

• Estimate model using micro-data

• Use estimated model to answer questions



Course Outline

1. Conceptual Framework

2. Measuring Misallocation

3. Models with Financial Frictions

4. Models with Variable Markups



Topic 1: Conceptual Framework

• Discuss 4 closely related papers

• Hopenhayn - Rogerson (1993, JPE)

• Effect of labor market policies that discourage worker turnover

• Restuccia - Rogerson (2008, RED)

• on magnitude of losses from differential rates of taxation

• Hopenhaun (2014, WP)

• clarifies several conceptual issues



Hopenhayn Rogerson 1993

• “Job Turnover and Policy Evaluation: A General Equilibrium Analysis”

• Study implication of hiring/firing costs

• Model of firm dynamics a la Hopenhayn (92)

• Firms differ in productivity

• Productivity evolves over time

• Firms makes entry/exit employment decisions



Setup

• Technology of individual producers

y = f(z, n) (e.g., y = znη, η < 1)

• y output

• z idiosyncratic productivity, varies over time with F (z′, z)

• n employment

• Hiring/Firing costs:
g(nt, nt−1)

• E.g., if tax τ per job destroyed, g = τ max(0, nt−1 − nt)



Producer’s problem

• Period dividends:

f(zt, nt)− wtnt − g(nt, nt−1)− cf

• producers competitive. price of output normalized to 1

• wage wt
• per-period fixed operating cost cf



Timing

1. At beginning of period t know zt−1 and nt−1

2. Decide whether stay or exit

• If exit, must pay g(0, nt−1)

• If stay, observe zt, choose nt, receive

ptf(zt, nt)− nt − g(nt, nt−1)− ptcf



Dynamic Program in Ergodic Steady State

• Conditional on staying, value of firm is

V (n, z) = max
n′≥0

f(z, n′)− wn′ − cf − g(n′, n)+

βmax
(∫

V (z′, n′)dF (z′, z),−g(0, n′)
)

• Entry requires fixed cost ce. After entry draw z from ν(z)

• Free entry condition (if positive measure of entrants M > 0):∫
V (0, z)dν(z) = ce



Consumer’s Problem

max
∞∑
t=0

βt [U(Ct)− aNt]

subject to
Ct = wNt +Dt

where
Dt = sum of dividends of all firms + labor taxes

Gives labor supply:
w = a

U ′(Ct)



Equilibrium

• Let µ(n, z) be measure of producers, M mass of entrants.

• Let n′(n, z) be the employment choice.

• Let µ′ = T (µ,M) transition of distribution

• Ergodic steady state: µ = T (µ,M)



Aggregation

• Total output:

Y =
∫ [

f(n′(n, z), z)− cf
]
dµ(n, z) +M

∫ [
f(n′(0, z), z)− ce

]
dν(z)

• Total employment:

N =
∫
n′(n, z)dµ(n, z) +M

∫
n′(0, z)dν(z)



Calibration
• Period = 5 years. Assume g = 0 in Benchmark (U.S., simple to solve)

• yt = z1−η
t nηt

• Assume log zt = ρ log zt−1 + εt

• Use firm’s Foc: ηyt/nt = ηz1−η
t nη−1

t = w

• Implies lognt = const. + ρ lognt−1 + εt

• Estimate with LRD data for US. Gives ρ and σ2
ε

• Set η = 0.64 (labor share in revenue), β = 0.8

• Choose cf , ce and ν to match

• 5-year exit rate, mean employment,
• size distribution of new entrants (0 - 6 yrs.)



Calibration Targets
932 JOURNAL OF POLITICAL ECONOMY 

TABLE 1 

A. ESTIMATES DERIVED FROM THE LRD 

Serial correlation in log employment (5-year interval, survivors) .93 
Variance in growth rates (log difference, 5-year interval, survivors) .53 
Mean employment 61.7 
Exit rate (5-year interval) 37% 

B. SIZE DISTRIBUTION FOR FIRMS AGED 0-6 YEARS 

Employees Share of Total Firms 

1-19 .74 
20-99 .18 
100-499 .08 
500+ .01 

There are a number of statistics that can be reported in characteriz- 
ing the equilibrium for this model, and some of them are contained 
in table 2. 

Several properties emerge. First, note the statistics that are re- 
ported by size (part B). The size distribution of firms indicates that 
most firms are in fact quite small. However, the size distribution of 
employment indicates that although most firms are small, most em- 
ployment is accounted for by larger firms. The mean firm size and 
the co-worker mean reported in part A of the table are supporting 
pieces of information. Although these statistics were not explicitly 
calibrated, they are in fact quite close to those reported in Birch 
(1987), Davis and Haltiwanger (1988), and Troske (1989). The size 
distribution of hiring and firing provides an expected pattern given 
that firm-level employment is following a mean-reverting process: 
most of the firing is done by larger firms and most of the hiring is 
done by smaller firms. Part A of the table shows that the average size 
of entering and exiting firms is quite small, which is also consistent 
with available evidence (see Dunne et al. 1986, 1987, 1988; Troske 
1989). 

The statistics related to cohorts indicate two patterns. First, the 
probability of exit is decreasing in age, and, second, the size distribu- 
tion of firms is stochastically increasing in age; that is, the size distri- 
bution moves to the right as the age of the cohort increases. Both of 
these properties have been noted by empirical work in this area (see, 
e.g., Evans 1987b). 

It is perhaps important to indicate how the reader should interpret 
these statistics. The model specification that has been chosen has rela- 
tively few parameters, and as mentioned earlier with respect to the 
process on firm-level employment, this specification will not match 
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Statistics from the ModelJOB TURNOVER 933 

TABLE 2 

A. SUMMARY STATISTICS FOR BENCHMARK MODEL 

Average firm size 61.2 
Co-worker mean 747 
Variance of growth rates (survivors) .55 
Serial correlation in log n (survivors) .92 
Exit rate of firms .39 
Turnover rate of jobs .30 
Fraction of hiring by new firms .15 
Average size of new firm 7.5 
Average size of existing firm 4.9 

B. SIZE DISTRIBUTION 

1-19 20-99 100-499 500 + 

Firms .52 .37 .10 .01 
Employment .06 .24 .37 .33 
Hiring .05 .35 .41 .19 
Firing .12 .19 .34 .35 
By cohort: 

1 period .88 .12 .00 .00 
2 periods .54 .45 .01 .00 
5 periods .29 .58 .12 .01 
10 periods .20 .54 .20 .05 

Hazard rates by cohort: 
1 period .75 
2 periods .32 
5 periods .15 
10 periods .10 

with the data equally well on all dimensions. Moreover, when the 
model is calibrated using a small set of empirical statistics, there are 
conceivably other dimensions along which the model may not fit par- 
ticularly well. The statistics above are shown to indicate that the rela- 
tively simple structure used here with the calibrated parameter values 
does a reasonable job of matching several aspects of the relevant data, 
both qualitatively and quantitatively. 

V. Results 

This section reports the results from introducing an adjustment cost 
function of the form 

g(n,,nt-1) = T max{O,n n - nt}, 

with the interpretation that v is a tax that the firm must pay for each 
job that is destroyed. The size of v can be interpreted by comparison 
with other values in the model; with a period equal to 5 years and w 
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Evaluate Effect of Firing Costs

g(nt, nt−1) = τ max(0, nt−1 − nt)

• Compare τ = 0 economy (Benchmark) with

• τ = 0.1: (severance pay = 6 months of wages)

• τ = 0.2: (severance pay = 12 months of wages)



Effect of Firing Costs
934 JOURNAL OF POLITICAL ECONOMY 

TABLE 3 

EFFECT OF CHANGES IN T (Benchmark Model) 

T = 0 T = .1 T = .2 

Price 1.00 1.026 1.048 
Consumption (output) 100 97.5 95.4 
Average productivity 100 99.2 97.9 
Total employment 100 98.3 97.5 
Utility-adjusted consumption 100 98.7 97.2 
Average firm size 61.2 61.8 65.1 
Layoff costs/wage bill 0 .026 .044 
Job turnover rate .30 .26 .22 
Serial correlation in log(n) .92 .94 .94 
Variance in growth rates .55 .45 .39 

normalized to one, a value of v equal to .1 corresponds to 6 months' 
wages, and a value of v equal to .2 corresponds to 1 year's wages. 
Table 3 reports how the equilibrium is affected when v takes on the 
values of .1 and .2. To facilitate comparison with the benchmark 
model, some of the earlier values are repeated in this table, and for 
cases in which interest is primarily in relative changes, an index has 
been created in which the T = 0 values are set equal to 100. We do 
not report changes for all the variables in table 2; changes in the size 
distribution of firms and other distributional statistics were relatively 
minor. 

Qualitatively, these results are quite intuitive. The tax on dismissals 
causes firms to be more cautious about job creation and thereby also 
reduces the need for job destruction, with the net result that firms 
end up making fewer adjustments to their labor forces. These effects 
show up in the new equilibria: as v increases, the serial correlation in 
log employment increases, whereas the variance in growth rates and 
the job turnover rate decrease. 

The results indicate a fairly strong trade-off between the average 
duration of a job and the total number of jobs. As one moves from 
v = 0 to v = .2, the job destruction rate decreases by 8 percent, 
whereas total employment goes down by roughly 2.5 percent. To the 
extent that v = .2 is a reasonable description of the magnitude of 
legislated severance payments in several countries (see Lazear [1990] 
for more country-specific details), we believe that the 2.5 percent 
decrease in employment is very significant. Although the trade-off 
between total employment and job duration is an interesting piece of 
information contained in table 3, the result concerning the efficiency 
costs of these policies is also striking. The figure for utility-adjusted 
consumption shows the amount by which consumption would have 
to be increased in order for utility to reach the same level attained 
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Intuition

• With firing costs, log(n) no longer linear in log(z)

• (S, s) decision rules: adjust if nt−1 outside bands

• Do not react to large range of ∆z

• Inefficient allocation of resources

• Dispersion in marginal product of labor

• Illustrate next with simplified version with log z′ = log z + ε′



Intuition with random walk z

• Suppose no fixed costs, no exit. Firm dividends HD(1) in (z, n):

z1−η (n′)η − wn′ − τ max(0, n− n′)

• Let ñ′ = n′/z and ñ = n/z. Value of the firm:

V up(ñ) = max
ñ′≥ñ

(ñ′)η − wñ′ + βW (ñ′)

V dn(ñ) = max
ñ′<ñ

(ñ′)η − wñ′ − τ (ñ− ñ′) + βW (ñ′)

W (ñ′) =
∫

max
(
V up

(
ñ′

exp(ε)

)
, V dn

(
ñ′

exp(ε)

))
exp(ε)dF (ε)



• If adjust up, envelope condition:

η
(
ñ′
)η−1 = w − βW ′

(
ñ′
)
if ñ′ ≥ ñ

• Let nup denote unconstrained solution. Independent of ñ

• If adjust down, envelope condition:

η
(
ñ′
)η−1 = w − τ − βW ′

(
ñ′
)
if ñ′ < ñ

• Let ndn denote unconstrained solution. Independent of ñ

• By concavity of production function, ndn > nup



Continuation Value, W ′(ñ) ≤ 0
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• If adjust up, envelope condition:

η (ñ′)η−1 = w − βW ′ (ñ′) if ñ′ ≥ ñ

• Let nup denote unconstrained solution. Independent of ñ

• If adjust down, envelope condition:

η (ñ′)η−1 = w − τ − βW ′ (ñ′) if ñ′ < ñ

• Let ndn denote unconstrained solution. Independent of ñ

• Since W ′(ñ) ≤ 0, nup < frictionless = 1

• Since τ + βW ′(ñ) ≥ 0, ndn ≥ frictionless = 1



Employment Choice
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Effect of higher firing tax
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Sample Paths
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Dispersion in MPL

936 JOURNAL OF POLITICAL ECONOMY 

TABLE 4 

EFFECT OF T ON DECISION RULES 

T.1 T= .2 

logs nf nu nf nu 

1.83 1.36 1.78 1.18 1.98 
4.75 21.7 26.7 21.0 32.8 

10.5 194 238 181 282 
19.9 1,110 1,410 1,036 1,617 
27.3 2,610 3,316 2,522 3,935 

the job turnover rate. This independence results from the fact that 
the aggregate technology displays constant returns to scale. In view of 
the large welfare effects of these policies, we feel that it is misleading 
for attention to be focused exclusively on the employment conse- 
quences of dismissal costs. The message that emerges from this analy- 
sis is that it is very costly to distort the job creation/destruction pro- 
cess. Note also that the fraction of total payroll that is paid in dismissal 
costs is not particularly large: even when v = .2, they account for less 
than 5 percent of total payroll. 

As noted above, the magnitude of the change in employment de- 
pends on preferences. As argued earlier, however, there is a good 
reason for the choice of preferences discussed above. Nonetheless, to 
illustrate the impact of alternative preferences, consider preferences 
with u(c) = cOlot, so that log(c) corresponds to al = 0. The change in 
employment associated with moving from v = 0 to v = .2 is a decrease 
of 3.4 percent when al = 1. Using the fact that nonlabor income is 
.2034 and .2197, respectively, one can straightforwardly compute the 
change for other values as well. 

It is obviously of interest to know how sensitive the results are to 

TABLE 5 

ABSOLUTE DEVIATIONS FROM MPL = 1/p 

FRACTION OF FIRMS 

WITHIN INTERVAL 

SIZE OF DEVIATION (%) T = .1 T = .2 

0-3 .30 .00 
3-5 .45 .12 
5-10 .15 .78 
10-15 .00 .05 
> 15 .00 .05 
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Why is dispersion in MPL costly?
• Derive implications for TFP

• Let µi be MPL of firm i:

ηz1−η
i nη−1

i = µi

• Gives

ni = zi

(
η

µi

) 1
1−η

• Let N =
∫
nidi

N =
∫
zi

(
η

µi

) 1
1−η

di

ni
N

= ziµ
1

η−1
i∫

ziµ
1

η−1
i di



Why is dispersion in MPL costly?
• Let Y =

∫
yidi =

∫
z1−η
i nηi di

Y =
∫
ziµ

η
η−1
i di(∫

ziµ
1

η−1
i di

)ηNη

• Compare to efficient allocations

max
ni

∫
z1−η
i nηi s.t.

∫
nidi = N

• Solution:
ηz1−η
i nη−1

i = λ

Y eff =
(∫

zidi
)1−η

Nη



Log-Normal Approximation

• Suppose (µi, zi) log-Normal with σ2
µ, σ

2
z , σµ,z

• Then
logA− logAeff = −1

2
1

1− ησ
2
µ

• TFP losses proportional to variance of MPL

• Covariance MPL, z drops out.

• Taxing high z firms more inconsequential

• Losses magnified when η closer to 1.



Conclusions: Hopenhayn-Rogerson 1993

• Policies limiting job turnover have sizable welfare consequences

• Increase dispersion MPL, reduce TFP



Restuccia-Rogerson 2008

• Heterogeneous firms a la Hopenhayn (92), Hopenhayn-Rogerson (93)

• Non-degenerate distribution of firm productivity

• Distribution of resources across firms critical object for aggregate TFP

• Policy distortions that induce dispersion of factor prices faced by firms

• Quantify the effect of distortions on TFP

• Claim taxing more productive firms more costly



Technology

y = f(z, n, k) = z1−η (kαn1−α)η
• z is time-invariant

• Fixed costs of entry ce and operating cf as in HR ’93

• Producer-specific productivity z drawn at birth from ν(z)

• Output tax τ drawn at birth from P (z, τ)

• Firm i profits

(1− τi)z1−η
i

(
kαi n

1−α
i

)η − wni − rki − cf



Dispersion in MPL and MPK

• Optimal choice of k:

fk(zi, ki, ni) = αη
yi
ki

= r

1− τi

• Optimal choice of n:

fn(zi, ki, ni) = (1− α)η yi
ni

= w

1− τi

• Implies TFP losses if τ varies across firms. Identical formulas as above.

• Taxes rebated lump-sum to households



Calibration

• As HR do, assume Benchmark economy undistorted

• Choose ν(z) to match establishment size distribution

• Set η = 0.85 (estimates of returns to scale U.S.)



Size Distribution of Establishments
714 D. Restuccia, R. Rogerson / Review of Economic Dynamics 11 (2008) 707–720

Fig. 1. Distribution of establishments by employment—model vs. data.

Table 1
Benchmark calibration to US data

Parameter Value Target

α 0.283 Capital income share
γ 0.567 Labor income share
β 0.96 Real rate of return
δ 0.08 Investment to output ratio
ce 1.0 Normalization
c f 0.0 Benchmark case
λ 0.1 Annual exit rate
s range [1,3.98] Relative establishment sizes
h(s) see Fig. 1 Size distribution of establishments

H and the cumulative distribution across establishment sizes in the data. The distribution h (and therefore the invariant
distribution μ) matches well the size distribution of establishments in the US data.11

Note that there is a close connection between the elasticity of the establishment-level factor demand functions with
respect to taxes and the elasticity of these functions with respect to TFP at the establishment level. Given our calibra-
tion procedure it follows that there is a close connection between the implied range of TFP values and the elasticity of
establishment-level factor demands with regard to taxes and subsidies. In particular, if the range of s values is large then
these elasticities are small. We will return to this point later on in the paper when we discuss our results.

As noted earlier, we assume a constant exit rate λ across all establishment types and set this value to 10 percent.
This generates an annual job destruction ratio of 10 percent which is roughly what Davis et al. (1996) report for the US
manufacturing sector. Tybout (2000) reports annual exit rates for establishments in developing countries that are roughly
consistent with this value as well. We summarize parameter values and targets in Table 1.

Note that because we focus only on the steady state, there is no need to specify the utility function in order to solve
for the equilibrium allocation. If we wanted to evaluate the welfare costs of distortions then we would need to specify the
utility function, but since we will focus on quantifying the effects of various policies on TFP this will not be necessary.

It is of interest to look at some of the properties of the steady-state distributions in the benchmark economy. (See
Table 2.) First, although more than 50% of the establishments have less than 5 workers, these establishments represent a
small fraction of total employment (around 8 percent). Second, as commented earlier, because of the exponential functional
form for the production function and the assumption that the exponents are independent of TFP, we see in Table 2 that

11 We are grateful to Esteban Rossi-Hansberg for providing us specially tabulated data from the US Census Bureau, Statistics of US Businesses for 2000.
This data has 44 employment categories from 1 to 10,000 or more employees. See Rossi-Hansberg and Wright (2007) for a detailed documentation of this
data.
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Table 2
Distribution statistics of benchmark economy

Establishment size (number of employees)

< 5 5 to 49 � 50

Share of establishments 0.56 0.39 0.05
Share of output 0.08 0.34 0.58
Share of labor 0.08 0.34 0.58
Share of capital 0.08 0.34 0.58
Average employment 2.4 15.5 183.0

output and labor shares are equalized, which implies that the distribution of labor and capital across establishment types is
the same as the distribution of output across establishment sizes.

5. Quantitative analysis of distortions

In this section we study the quantitative impact of distortions to establishment-level decision making. We present two
main sets of results. We first analyze the impact of idiosyncratic distortions when these distortions are uncorrelated with
establishment-level productivity s. Second, we analyze the impact of idiosyncratic distortions when these distortions are
negatively (positively) correlated with establishment-level productivity, meaning that establishments with low (high) values
of s are subsidized and establishments with high (low) levels of s are taxed.

The primary goal of these exercises is to assess the potential impact of reallocation on TFP and the cost of generating
a given amount of reallocation. In general, policies that reallocate resources across establishments will also have aggregate
effects on capital accumulation. For example, a policy that subsidizes low productivity establishments will cause a greater
share of resources to be allocated to low productivity establishments, as will a policy that taxes high productivity establish-
ments. But, whereas the subsidy will also cause capital accumulation to increase, the tax will cause capital accumulation to
decrease. Because the effect of taxes on accumulation is relatively well-studied, in each case that we analyze we consider
packages of idiosyncratic distortions such that there is no effect on aggregate capital accumulation. In this sense we focus
on the TFP effects associated with reallocation and abstract from the capital accumulation effects.

5.1. Uncorrelated idiosyncratic distortions

In this section we introduce idiosyncratic taxes and subsidies as discussed earlier. Here we assume that the distortions
are uncorrelated with establishment-level productivity. In particular, we assume that half of the establishments are taxed
and half of the establishments are subsidized. Such a configuration of distortions will cause resources to shift from the
taxed establishments to the subsidized establishments. However, this will not entail a direct reallocation across productivity
classes since there is no correlation between establishment-level TFPs and taxes.

We examine four different levels of this type of policy. We consider taxes of 10, 20, 30, and 40 percent. As described
earlier, in each case we set the size of the subsidy so that the net effect on steady-state capital accumulation is zero. This
implies subsidies in the range of 6 to 11 percent.

It is interesting to note the apparent asymmetry of the size of the tax and subsidy rate. The reason for this asymmetry
is related to decreasing returns in production at the establishment level. Not only are factor input demands from establish-
ments very responsive to net factor costs in our calibration, but also the response is stronger for subsidized plants than for
taxed plants. This follows from the shape of the demand function for capital with respect to taxes or subsidies.12 In the
calibrated economy, a one percent increase in after-tax price of output leads to a 6.7 percent increase in capital, holding
factor prices constant. Hence, small differences in percent changes of taxes and subsidies are greatly magnified.

Table 3 summarizes the effects of the distortions on several variables of interest. The first row reports the level of output
relative to the distortion-free economy. Because aggregate inputs of labor and capital are the same in all cases, this is also
the level of aggregate TFP relative to the distortion-free economy. For completeness this is also reported in the second row.13

The third row reports the level of entry relative to the distortion-free case. Since the total mass of establishments operating
is proportional to the mass of entry and the constant of proportionality is the same across all economies, this row also tells
us the total mass of establishments in operation relative to the distortion-free economy. The final three rows report statistics
related to the distortions. The variable Ys/Y represents the output share of establishments that are receiving a subsidy, the
variable S/Y is the total subsidies paid out to establishments receiving subsidies as a fraction of output, and the variable τs

is the size of the subsidy required to generate a steady-state capital stock equal to that in the distortion-free economy.

12 The demand function for capital at the establishment is decreasing in τ (being zero at τ = 1) and convex to the origin. As a result, when half
the establishments are taxed randomly, for any given tax rate, a smaller subsidy rate is required to achieve the same aggregate capital stock as in the
benchmark economy.
13 We compute aggregate TFP as the ratio of output to composite input, where composite input is a Cobb–Douglas of aggregate capital and labor using

their respective shares in national income.



Quantitative analysis of policies

• Two exercises

• τ uncorrelated with z. Half are taxed, half subsidized.

• Given τ (e.g. 0.10), choose subsidy so no effect on K, L in aggregate

• τ correlated with z. Firms above median z taxed, below subsidized
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Table 3
Effects of idiosyncratic distortions—uncorrelated case

Variable τt

0.1 0.2 0.3 0.4

Relative Y 0.98 0.96 0.93 0.92
Relative TFP 0.98 0.96 0.93 0.92
Relative E 1.00 1.00 1.00 1.00
Ys/Y 0.72 0.85 0.93 0.97
S/Y 0.05 0.08 0.09 0.10
τs 0.06 0.09 0.10 0.11

Table 4
Relative TFP—uncorrelated distortions

Fraction of
establishments taxed (%):

τt

0.1 0.2 0.3 0.4

90 0.92 0.84 0.78 0.74
80 0.95 0.89 0.84 0.81
60 0.98 0.94 0.91 0.89
50 0.98 0.96 0.93 0.92
40 0.99 0.97 0.95 0.94
20 1.00 0.99 0.98 0.97
10 1.00 0.99 0.99 0.99

We begin with the qualitative patterns. As expected, as the distortion increases so does the effect on output and TFP.
Although not reported in the table, output shares across establishment productivity types remain constant across all of these
experiments. The source of the TFP differences is that subsidized establishments become larger and taxed establishments
become smaller, so that whereas in the undistorted economy all establishments with the same value of s are of the same
size, in these economies there is a non-degenerate distribution of establishment size within an establishment level TFP class.
With decreasing returns, this entails an efficiency loss. There is also potentially a change in the number of establishments,
but as the third row of the table indicates, this effect is zero, so that there is no change in the average level of capital or
labor per establishment. As the distortion increases, the share of output accounted for by subsidized firms increases, as do
the subsidy rate and the total payment of subsidies relative to output.

Next we turn to the quantitative magnitudes of these effects. Perhaps the most relevant result is that the overall magni-
tude of the effect on output and TFP is somewhat limited. As the table indicates, the maximum effect on TFP through this
channel is around 8 percent. Note that it takes a relatively small tax rate to generate the bulk of this effect. Even with a 10
percent tax rate the output share of subsidized firms is equal to 80 percent, and the maximum effect is virtually attained
with a tax rate of 30 percent. Although the maximum drop in TFP is relatively small, it is also interesting to note that few
resources are required to finance this distortion. In particular, the total revenues needed to finance this maximum drop in
TFP of 8 percent is only 10 percent of output. For the higher tax rates the values of S/Y and τs are virtually identical since
the tax rate has decreased the tax base by so much that there is virtually no revenue generated.

It is of interest to note that the overall aggregate impact of idiosyncratic distortions depends on the fraction of establish-
ments that are taxed and subsidized. In our previous experiment we assumed that 50 percent of the establishments were
taxed and 50 percent subsidized. For the purpose of illustration, Table 4 reports the results on TFP relative to the undistorted
economy for different configurations on the fraction of establishments that are taxed. If 90 percent of the establishments
are taxed and 10 percent subsidized, the impact of a 40 percent tax would be a reduction in TFP of 26 percent (as compared
to 8 percent when 50 percent of the establishments are taxed). When fewer establishments are subsidized, a larger subsidy
rate is needed to keep the aggregate capital stock constant and, as a result, it produces a larger reallocation of factors and
output across establishments. This reallocation makes establishments operate much farther away from their optimal size,
ensuring the larger aggregate effects.

5.2. Correlated idiosyncratic distortions

The distortions considered in the last section were in some sense adding noise to the competitive market. Instead of all
firms facing the same prices, each firm faces a different price, but there is nothing systematic about who faces what price.
We found that unless the majority of establishments are taxed, the consequences of this were relatively minor. We now
consider distortions which at least on the surface would seem to have the potential to do much more damage. In particular
we consider the case where establishments with low TFP receive a subsidy and establishments with high TFP are taxed.
In particular, we assume that 50 percent of the establishments receive a subsidy while the rest are taxed. In this case,

• Higher dispersion in taxes: larger TFP losses
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Table 3
Effects of idiosyncratic distortions—uncorrelated case

Variable τt

0.1 0.2 0.3 0.4

Relative Y 0.98 0.96 0.93 0.92
Relative TFP 0.98 0.96 0.93 0.92
Relative E 1.00 1.00 1.00 1.00
Ys/Y 0.72 0.85 0.93 0.97
S/Y 0.05 0.08 0.09 0.10
τs 0.06 0.09 0.10 0.11

Table 4
Relative TFP—uncorrelated distortions

Fraction of
establishments taxed (%):

τt

0.1 0.2 0.3 0.4

90 0.92 0.84 0.78 0.74
80 0.95 0.89 0.84 0.81
60 0.98 0.94 0.91 0.89
50 0.98 0.96 0.93 0.92
40 0.99 0.97 0.95 0.94
20 1.00 0.99 0.98 0.97
10 1.00 0.99 0.99 0.99

We begin with the qualitative patterns. As expected, as the distortion increases so does the effect on output and TFP.
Although not reported in the table, output shares across establishment productivity types remain constant across all of these
experiments. The source of the TFP differences is that subsidized establishments become larger and taxed establishments
become smaller, so that whereas in the undistorted economy all establishments with the same value of s are of the same
size, in these economies there is a non-degenerate distribution of establishment size within an establishment level TFP class.
With decreasing returns, this entails an efficiency loss. There is also potentially a change in the number of establishments,
but as the third row of the table indicates, this effect is zero, so that there is no change in the average level of capital or
labor per establishment. As the distortion increases, the share of output accounted for by subsidized firms increases, as do
the subsidy rate and the total payment of subsidies relative to output.

Next we turn to the quantitative magnitudes of these effects. Perhaps the most relevant result is that the overall magni-
tude of the effect on output and TFP is somewhat limited. As the table indicates, the maximum effect on TFP through this
channel is around 8 percent. Note that it takes a relatively small tax rate to generate the bulk of this effect. Even with a 10
percent tax rate the output share of subsidized firms is equal to 80 percent, and the maximum effect is virtually attained
with a tax rate of 30 percent. Although the maximum drop in TFP is relatively small, it is also interesting to note that few
resources are required to finance this distortion. In particular, the total revenues needed to finance this maximum drop in
TFP of 8 percent is only 10 percent of output. For the higher tax rates the values of S/Y and τs are virtually identical since
the tax rate has decreased the tax base by so much that there is virtually no revenue generated.

It is of interest to note that the overall aggregate impact of idiosyncratic distortions depends on the fraction of establish-
ments that are taxed and subsidized. In our previous experiment we assumed that 50 percent of the establishments were
taxed and 50 percent subsidized. For the purpose of illustration, Table 4 reports the results on TFP relative to the undistorted
economy for different configurations on the fraction of establishments that are taxed. If 90 percent of the establishments
are taxed and 10 percent subsidized, the impact of a 40 percent tax would be a reduction in TFP of 26 percent (as compared
to 8 percent when 50 percent of the establishments are taxed). When fewer establishments are subsidized, a larger subsidy
rate is needed to keep the aggregate capital stock constant and, as a result, it produces a larger reallocation of factors and
output across establishments. This reallocation makes establishments operate much farther away from their optimal size,
ensuring the larger aggregate effects.

5.2. Correlated idiosyncratic distortions

The distortions considered in the last section were in some sense adding noise to the competitive market. Instead of all
firms facing the same prices, each firm faces a different price, but there is nothing systematic about who faces what price.
We found that unless the majority of establishments are taxed, the consequences of this were relatively minor. We now
consider distortions which at least on the surface would seem to have the potential to do much more damage. In particular
we consider the case where establishments with low TFP receive a subsidy and establishments with high TFP are taxed.
In particular, we assume that 50 percent of the establishments receive a subsidy while the rest are taxed. In this case,

• More firms taxed: larger TFP losses
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Table 5
Effects of idiosyncratic distortions—correlated case

Variable τt

0.1 0.2 0.3 0.4

Relative Y 0.90 0.80 0.73 0.69
Relative TFP 0.90 0.80 0.73 0.69
Relative E 1.00 1.00 1.00 1.00
Ys/Y 0.42 0.67 0.83 0.92
S/Y 0.17 0.32 0.43 0.49
τs 0.40 0.48 0.52 0.53

Table 6
Relative TFP—correlated distortions

Fraction of
establishments taxed (%):

τt

0.1 0.2 0.3 0.4

90 0.81 0.66 0.56 0.51
80 0.84 0.70 0.62 0.57
60 0.88 0.77 0.69 0.65
50 0.90 0.80 0.73 0.69
40 0.92 0.82 0.76 0.72
20 0.95 0.89 0.84 0.81
10 0.97 0.92 0.88 0.86

the establishments with low productivity s receive a subsidy while those with high s are taxed.14 Table 5 summarizes the
results for this case.

Qualitatively the patterns are similar to those of the uncorrelated case: as distortions increase the drop in output and
TFP increases and more resources are shifted toward subsidized establishments. A key difference is that in this case the
distortion is not to the size distribution of establishments of a given productivity, but rather to the distribution of resources
across establishments of varying productivity. This distortion is much more important quantitatively. As the table shows,
the maximum effect on TFP and output in this case is 31 percent, almost four times the effect in the uncorrelated case.
The table also shows that this distortion is somewhat more costly to finance. To achieve the TFP reduction of 31 percent,
subsidies totaling 49 percent of output are required, and since there are virtually zero revenues raised from taxation, this is
the amount of resources that the government must raise in lump-sum taxes.

While protecting and subsidizing low productivity establishments is pervasive in poor countries, large, presumably pro-
ductive establishments also get subsidized in some countries. The view that often motivates these policies is that larger and
more productive establishments need to take on a bigger role in the development process. In the context of our model,
policies that subsidize high productivity establishments also have negative effects on output and TFP. These subsidies distort
the optimal establishment size even though subsidies entail a reallocation towards more productive units. Overall the effect
of these policies is a drop in measured TFP. For instance, in the context of our calibrated model, subsidizing the highest 10
percent of the establishments and taxing the rest at 40 percent would imply a drop in output and TFP of 5 percent.

As with the case of uncorrelated distortions, the quantitative impact of distortions on TFP depends on the number of
establishments taxed. Table 6 reports the results on TFP for different configurations on the fraction of establishments taxed.
For instance, if 90 percent of the establishments are taxed at 40 percent, the drop in TFP would be 49% (compared to 31
percent in the case where 50 percent of the establishments are taxed).

6. Discussion

6.1. Non-constant aggregate capital

We have focused on experiments where distortions to output prices at the establishment level affect the allocation of
factors across establishments with different productivity. In all of these experiments, the amount of resources to be allocated
across the different establishments was kept constant and in the context of our model, an implication of this was that the
number of establishments and average establishment size was kept constant. In this section, we extend our results to cases
where the capital stock changes.

We focus on the correlated case where 50 percent of establishments are taxed at the rate of 40 percent. The proceeds
from this tax are rebated back to the consumer as a lump-sum transfer. Table 7 reports the results for different configu-
rations on the fraction of establishments that are completely exempt from the output tax. This is equivalent to taxing a

14 Establishments are ranked by productivity and since distortions do not affect the distribution of establishments by productivity, we use the cumulative
distribution H(s) to find the productivity level threshold ŝ such that 50 percent of the establishments are at or below that level, i.e., H(ŝ) = 0.5. Then
establishments with s � ŝ are subsidized and the rest are taxed.

• Taxing more productive firms: larger TFP losses



Hopenhayn 2014

• “On the Measure of Distortions”

• Explicitly characterize mapping from distortions to TFP

• Clarify when correlated distortions lead to large losses

• Relationship between distortions and size distribution



Setting
• As in Hopenhayn - Rogerson 1993. Labor only factor

• Economy populated by measure M of firms with technology
y = z1−ηnη

• Planner’s problem:

max
ni

∫ M

0
z1−η
i nηi di s.t.

∫ M

0
nidi ≤ N

• Solution:
ni = ziλ = zi∫M

0 zidi
N

• Aggregate output: (let Z = mean zi)

Y =
∫ M

0
z1−η
i nηi di =

(∫ M

0
zidi

)1−η

Nη = Z1−ηM1−ηNη



Correlated vs. Uncorrelated Distortions

Figure 3.1: Wedges in marginal product

1. ni not equal for all firms with the same zi, termed uncorrelated distor-
tions;

2. average lnni (z) 6= a+ 1
1−αz, termed correlated distortions, in the case

of Figure 3.1 it is a distortion that results in reallocation of labor from
more to less productive firms.

Both of these distortions result in losses of productivity as marginal prod-
uct (or the marginal value of labor) is not equated across productive units.
As an accounting device and following the literature, it is useful to model
these distortions as firm-specific implicit taxes/subsidies that create a wedge
between its revenues and output:

ri = (1− τi) yi = (1− τi) zinαi
= α (zi (1− τi))

1
1−α ,

where α is a constant that depends only on the equilibrium wage. Equilib-
rium in this economy will be identical in terms of allocations to the equilib-
rium of an undistorted economy where the distribution of firm productivities
is changed to zi (1− τi) . Total revenues are given by

r = NαM1−α
(
E [zi (1− τi)]

α
1−α
)1−α

(3.1)

and total output

y =

ˆ

yidi =

ˆ

ri (1− τi)−1 di

6



Distortions

• Model as RR do, tax on output:

• Firm’s problem:
max
ni

(1− τi)z1−η
i nηi

• Employment choice distorted, reduces aggregate TFP

• TFP of distorted economy:

TFP =
∫M

0 zi(1− τi)
η

1−η di(∫M
0 zi(1− τi)

1
1−η di

)η



Example
• 2 types, z1 = 1 and z2 = 4. η = 1/2, N = 2000, 16 firms each type

• Optimality requires n2 = 100, n1 = 25 and Y = 400

• Consider 3 distortions

• Uncorrelated for low productivity

• Destroy 12 low-product, remaining 4 get 100 workers each: Y = 360

• Uncorrelated for high productivity

• Destroy 3 high-product, one high-product gets 400 workers: Y = 360

• Correlated

• Destroy 12 low-product, one high-product gets 400 workers: Y = 360

• What matters is not correlation, but number workers affected (300)



General Characterization
• Recall n(τ, z) = (1− τ)

1
1−η z = (1− τ)

1
1−η n(z)

• Let θ = (1− τ)
1

1−η : ratio of actual to undistorted n

• Let n be undistorted employment, θn actual employment

• Let µ(θ, n): distribution of distortions. Total employment unchanged so

N =
∫
ndµ(θ, n) =

∫
θndµ(θ, n)

• For every θ̂, let
N(θ̂) =

∫
θ≤θ̂

ndµ(θ, n)

• N(θ̂): total undistorted employment affected by a distortion θ ≤ θ̂



General Characterization
• N(θ): measure on θ with properties:

N =
∫

dN(θ)

N =
∫
θdN(θ)

• Note distorted output is y(θ, z) = z1−ηθηnη = θηy(z)

• But in undistorted economy ηy(z)/n(z) = λ is equal across firms

• So can write y(θ, z) = aθηn(z) where a = λ/η

• So aggregate output is

Y =
∫
y(θ, z) = a

∫
θηndµ(θ, n) = a

∫
θηdN(θ)



General Characterization

• In undistorted economy θ = 1 so ratio of output gives TFP ratio:

Y

Y 0 = TFP
TFP0 =

∫
θηdN(θ)∫
dN(θ)

=
∫
θηdN(θ)
N

• TFP ratio = η moment of the employment-weighted distribution of θ

• Since
∫
θdN(θ) = N and η < 1 mean preserving spread reduces TFP



Recall 2 results in Restuccia-Rogerson

Table 1: Uncorrelated and Correlated Distortions

% Estab. taxed Uncorrelated Correlated
τt τt

0.2 0.4 0.2 0.4

90% 0.84 0.74 0.66 0.51
50% 0.96 0.92 0.80 0.69
10% 0.99 0.99 0.92 0.86

There are two distinguishing features of these distorted economies: 1)
the larger the share of establishments taxed, the larger the negative effect
on TFP and 2) Correlated distortions seem to have a larger effect than
uncorrelated ones.14

To examine the first feature, take an uncorrelated distortion that sets
a tax τt > 0 to a fraction α of establishments while subsidizing the rest
with τs < 0. Consider the corresponding distortions θt < 1 and θs > 1. To
preserve total employment (and use of capital) it must be that

θs − 1 =
α

1− α (1− θt) . (5.1)

The corresponding measure of distortions is: {(αN, θt) , ((1− α)N, θs)}.15

An increase in α can be interpreted as a mean preserving spread of the origi-
nal measure. To see this, take α′ > α and new measure {(α′N, θt) , ((1− α′)N, θ′s)}.
It follows immediately that θ′s > θs and that

(1− α′) θ′s + (α′ − α) θt
1− α = θs.

So the new measure can be constructed by taking (α′ − α)N from the orig-
inal mass at θs and assigning it to θt and mass (1− α′)N and assigning it
to θ′s, which as shown is mean preserving.

Consider now the second feature. Correlated distortions do in fact have
larger effects in this setting, but not for the reasons claimed above. Indeed,
our examples in Section 3.1 suggest that this need not be true. Even though

14"A key difference is that in this case the distortion is not to the size distribution of
establishments of a given productivity, but rather to the distribution of resources across
establishments of varying productivity." (Restuccia and Rogerson [2008])

15More precisely, it is the product of this measure since the same distortions apply to
labor and capital.

13
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1. More firms taxed, lower TFP
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2. Taxing more productive firms reduces TFP



1. More firms taxed, lower TFP

• Assume uncorrelated distortion (all firms equal size N at optimum):

• Suppose α are taxed, θτ < 1 and (1 − α) subsidized (θs > 1)

• Need α(1 − θτ ) = (1 − α)(θs − 1) to maintain constant N

• Measure of distortions: (αN, θτ ), ((1 − α)N, θs)

• Increase in α (fraction taxed) = mean preserving spread (higher θs)

• Since TFP ∼ [η(< 1) moment of θ], m.p.s reduces TFP



2. Correlated Distortions reduce TFP more
• i.e., taxing more productive firms (high z) is worse than taxing at random

• (wrong) intuition: move n from high to low z so more damage
• wrong because the marginal productivity matters, not z

• Intuition is that taxing high z firms requires more reallocation of n:

Nτ (1− θτ ) = Ns(θs − 1)

• Correlated distortions in Restuccia-Rogerson:
• Higher Nτ (employment in undistorted economy)
• So need higher θs: a mean preserving spread

• No general theorem about whether correlation increases TFP losses
• Paper provides proposition for specific pattern of correlation
• Gives example where more correlation reduces TFP losses
• Log-normality: correlation has 0 effect (see earlier formula)


