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Abstract

How costly are financial frictions in the presence of variable markups? I analyze the inter-
action between financial frictions and variable markups and draw implications for the ability of
financial frictions to explain income per capita differences across countries. For this purpose, I
build a quantitative heterogeneous-agent model of producer dynamics. Intermediate producers
are born with heterogeneous permanent productivity and are also subject to transitory produc-
tivity shocks. They engage in monopolistic competition. Their outputs are aggregated into
a final good such that the demand elasticity faced by intermediate producers is decreasing in
their relative output, making markups increasing in relative output. In order to hire capital, an
intermediate producer must take an intra-period loan from financial intermediaries, but imper-
fect contractual enforcement limits the loan size to a multiple of the producer’s collateralizable
assets. Intermediate producers are born with no collateral, but they accumulate it over time
using their profits. I calibrate the model using novel tax data from Pakistan. First, I match
salient features of the producers’ lifecycle and the distribution of sales across producers. Sec-
ond, after estimating producer-level markups, I match the aggregate markup and the empirical
relationship between market shares and markups. I find that financial frictions are more costly
in the presence of variable markups: a 10% reduction in financial frictions increases output per
capita by 39% more when markups are variable relative to when markups are constant. This
additional benefit of reducing financial frictions stems from (1) productive producers with little
accumulated collateral overcoming their collateral constraints faster by charging higher markups
and thus (2) relatively high markups being restricted by the heightened competition.
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1 Introduction

There are large differences in income per capita across countries, which remain largely unexplained
by differences in the quantity and quality of factors of production (Jones, 2016). Developed countries
are able to produce more from any given inputs than their developing counterparts. Although
limited access to productive technologies by producers in poor countries might partly explain their
lower productivity, a recent literature suggests that lower aggregate productivity is driven by a
suboptimal allocation of factors of production across the economy’s producers.

In light of the strong positive correlation between economic and financial development (see, for
example, Levine (1997)), it is hardly surprising that a large literature has attributed misallocation
to frictions in financial markets. By limiting the producers’ access to financing, financial frictions
can constrains producers to hiring less than their desired capital and thus capital is not allocated to
its most productive uses. Self-financing can prevent this misallocation: producers can accumulate
internal funds and thus rely less on external financing for their capital hiring. However, self-
financing is ineffective if constrained producers earn limited profits, slowing down the accumulation
of internal funds.

Another source of misallocation is markup variability across producers, which is a prominent feature
of developing economies (see De Loecker et al. (2016) and this paper). In an efficient economy,
relative product prices reflect relative production costs and thus resources are allocated to their
most productive uses. However, in the presence of variable markups, the allocative role of prices is
distorted, since relative product prices also reflect relative markups.

This paper analyzes how financial frictions and variable markups interact and draws implications
for the ability of financial frictions to explain income per capita differences across countries. First,
how does the presence of variable markups shape the output and efficiency effects of financial
frictions? The distribution of markups affects the effectiveness of self-financing for overcoming
financial constraints. The markups that producers charge determine their profitability and thus the
funds available to them for self-financing their capital hiring. Therefore, the distribution of markups
over the producers determines the economy’s efficiency. Consider the productive producers who
are young and thus have not yet accumulated enough assets to overcome their financial constraint.
They are constrained to hiring less than their desired capital, limiting their size. If their small
size translates to low markup, then their ability to accumulate assets would be further restricted.
Second, how do financial frictions shape the distribution of markups in an economy? On the one
hand, financial frictions limit the size of some producers, creating size dispersion in the economy.
In so far as markups are increasing in size, the size dispersion translates to markup dispersion,
which distorts the signaling role of prices. On the other hand, by keeping some producers small,
financial frictions limit the competition for all other producers, who thus charge higher markups.
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In analyzing these effects, this paper makes theoretical, empirical, and quantitative contributions.
The theoretical contribution is to study financial frictions and variable markups in a unified frame-
work. I develop a model of producer dynamics with two main features. First, financial frictions
take the form of a collateral requirement that limits the amount of capital that producers can hire.
Second, markups are endogenous and increase in the producers’ relative output. On the empirical
side, I use novel producer-level tax data from Pakistan to estimate markups for a more representa-
tive sample of producers than those in the literature, which are limited to public firms or specific
sectors of the economy. Using the markup estimates, I establish facts about the variability of
markups across producers and the relation between markups and producer characteristics. Finally,
on the quantitative side, I calibrate key parameters of the model to match the empirical results
and compute the overall effect of the interaction of financial frictions and variable markups on the
economy’s output.

In the theoretical part of the paper, I build a quantitative heterogeneous-agent model of producer
dynamics. A final good is produced in a competitive sector using a continuum of differentiated
intermediate goods as inputs. Intermediate producers are born with heterogeneous permanent
productivity and are subject to transitory productivity shocks. They engage in monopolistic com-
petition. Their outputs are aggregated into the final good such that the demand elasticity faced by
intermediate producers is decreasing in their relative output, making markups increasing in relative
output. The production technology available to intermediate producers requires both labor and
capital. In order to hire capital, an intermediate producer must take an intra-period loan from
financial intermediaries, but imperfect contractual enforcement limits the loan size (and thus the
capital hired) to a multiple of the producer’s collateralizable assets. The level of financial frictions
determines the collateral required for hiring capital and thus the extent of distortion in the allo-
cation of capital across producers. Intermediate producers are born with no collateral, but they
accumulate it over time through retained profits.

I combine my model with empirical analysis of novel producer-level tax data from Pakistan, to
quantitatively assess the importance of the interaction between financial frictions and variable
markups. Financial frictions and markups are known sources of inefficiency in the developing
world (Herrala and Turk-Ariss, 2013; De Loecker and Eeckhout, 2021), so the economy of Pakistan
is a fitting environment to study their interaction. Based on balance sheet data, I estimate the
production function of producers and infer producer-level markups. My dataset goes beyond the
typical dataset used for markup estimation, which is either limited to public companies or specific
sectors of the economy. Instead, I am able to estimate markups for both public and private
businesses that cover all sectors of the economy of Pakistan. The implied markup distribution
has significant dispersion which is correlated with market shares. I calibrate my model to match
the distribution of sales across producers, the aggregate markup, and the empirical relationship
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between market shares and markups. I also take advantage of the panel dimension of my data to
calibrate my model to salient features of the producers’ lifecycle.

I find that financial frictions are more costly in an economy with variable markups relative to one
with constant markups. Specifically, I study a 10% relaxation of the financial frictions separately
in each setting and examine how its effect varies with markup variability. In both settings, the
relaxation of the financial frictions more than doubles the output and consumption per capita.
However, the increase is about 39% larger in the variable markups’ economy than in the constant
markups’ economy. This difference is also reflected in aggregate productivity, which increases by
about 6% more in the variable markups’ economy, and the aggregate markup, which slightly drops
in the variable markups’ economy but is by assumption constant in the constant markups’ economy.

Variable markups amplify the positive effect of reducing the financial frictions through the inter-
action between variable markups and self-financing. In both economies, financial frictions prevent
producers from achieving their optimal size, unless they have accumulated enough assets to over-
come their collateral constraints. However, in the variable markups’ economy, for as long as these
constrained producers remain small, they face a high demand elasticity for their products. They
therefore charge a low markup, which limits their profitability and thus their ability to overcome
their collateral constraints. As a result, relaxing the economy’s financial frictions not only relaxes
the collateral constraints of the producers directly but also improves their self-financing ability
indirectly through higher markups. The additional burden that low markups have on constrained
producers also implies that the unconstrained producers face lower competition. They can there-
fore charge higher markups, which reduces the economy’s efficiency. This implies that relaxing
the financial frictions in the variable markups’ economy has the additional benefit of encouraging
competition between producers.

My paper builds on a large literature that studies the relation between financial and economic
development (see Buera et al. (2015) for a survey). My model is most closely related to that of
Midrigan and Xu (2014), to which the most important change is that I introduce variable markups
through a Kimball (1995) aggregator.1 This and other papers in the literature (Buera et al., 2011;
Moll, 2014) have highlighted the importance of self-financing as a viable substitute for external
financing, especially in sectors that do not require large up-front investments and in environments
where constrained producers earn enough profits to support fast accumulation of internal funds. In
my model, where markups are increasing in producer size, constrained producers have low markups
and profits, slowing down the accumulation of internal funds. As a result, the variability of markups
across producers amplifies the misallocation cost of financial frictions. It follows that financial de-
velopment still has an important role to play in explaining differences in economic development.

1Boar and Midrigan (2019) use similar modeling building blocks, in order to study how policies attempting to
alleviate the inefficiency of markups impact inequality.
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This paper is also motivated by the growing literature using microdata and quantitative models
to document the cross-sectional heterogeneity of markups and their implications for productiv-
ity and welfare. On the empirical side, the literature has used producer-level data to document
that markups vary significantly in both developed and developing economies (see, for example,
De Loecker et al. (2020) and De Loecker et al. (2016), respectively). I add to this literature by
documenting the variability of markups across producers in Pakistan. On the theoretical side,
Edmond et al. (2021) build a quantitative model to evaluate the cost of markups in general and
markup variability in particular. They find that, depending on the market structure and level of
aggregate markups, the welfare cost of markups can be large, with markup variability causing 1/4
to 1/2 of it.2 In this paper, I show that the inefficiencies stemming from markups are amplified by
financial frictions, while they also amplify the inefficiencies stemming from financial frictions.

2 Motivating evidence

Before describing the model, I provide evidence for the variability of markups. I use administrative
tax data from Pakistan (described in the next section), in order to estimate the production function
of firms and thus firm-level markups. I find that the markup distribution exhibits significant
dispersion.

2.1 Data description

I use Pakistan’s complete record of anonymized firm-level annual electronic income tax filings over
the period 2014-2019. The filings consist of several forms with separate reporting criteria. Other
than the standard income tax form, which is filed by all the firms, all private and public limited
companies are required to report their profit and loss statements and balance sheets. Additionally,
firms that pay any amount of taxes at source during the fiscal year are also required to make these
additional filings. Examples of such taxes are custom duties paid during import clearance, taxes
on export proceeds, and taxes paid in export processing zones. Other firms, such as partnerships
and small individual businesses, while not required to file the additional forms, can voluntarily do
so, in order to justify their reported profits. The income tax returns include information on firm
formation year, profits, and sector. The presence of the formation year in my data allows me to
infer the age of each firm at the time of filing. The profit and loss statements and balance sheets
report the sales, stock of capital, and expenditures on variable factors of production.

The dataset contains the 835,204 firms that filed the annual income tax at least once over the period
2014-2019 (henceforth referred to as the “full sample”). My procedure for estimating markups relies
on the data contained in the profit and loss statements and the balance sheets, and leverages within-

2For further references to the variable markups literature, see section 2 and Edmond et al. (2021).
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Table 1: Firms by type and sector

Business Category Count Share Sector Count Share

Panel A. Estimation sample
Individual Businesses 73,097 0.83 Agriculture & Mining 3,516 0.04
Partnerships 6,125 0.07 Manufacturing 16,883 0.19
Companies 9,020 0.10 Retail & Wholesale 22,918 0.26

Construction 1,013 0.01
Services 16,672 0.19
Other 27,240 0.31

Total 88,242 1.00 Total 88,242 1.00

Panel B. Full sample
Individual Businesses 775,546 0.92 Agriculture & Mining 32,834 0.04
Partnerships 33,871 0.04 Manufacturing 196,219 0.23
Companies 25,787 0.03 Retail & Wholesale 105,178 0.14

Construction 11,574 0.01
Services 159,949 0.19
Other 329,450 0.39

Total 835,204 1.00 Total 835,204 1.00

firm intertemporal variation. Consequently, I restrict the sample to the 88,242 firms that submit
the additional filings in at least 2 of the 6 years, leading to 305,191 firm-year observations.

The leftmost three columns of panel A of table 1 show the composition of the sample by firm
business type. Most firms (83%) are individual businesses, companies form 10% of the sample,
and partnerships and associations of persons form the remaining 7% of the sample. The rightmost
three columns of panel A of table 1 show the composition of the sample by business sector. Retail
and wholesale is the largest sector, with about 26% of the firms operating in it, followed by man-
ufacturing and services, each containing roughly 19% of the firms. About 31% of the firms belong
to sectors in the “other” group, which among others includes commercial importers and exporters,
general stores, and distributors. The remaining firms operate in construction, and agriculture &
mining.

Since the estimation sample consists of only 11% of the full sample, I document the breakdown of
the full sample by business category and sector in panel B of table 1, to verify the representativeness
of the estimation sample. The estimation sample has a smaller share of individual businesses and a
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Table 2: Distribution of firms across business types

Estimation sample Full sample

Indiv. Bus. Partner. Comp. Indiv. Bus. Partner. Comp.

Agri. & Mining 0.72 0.11 0.17 0.83 0.10 0.07
Manufacturing 0.60 0.14 0.26 0.91 0.05 0.04
Retail & Wholesale 0.93 0.05 0.02 0.93 0.05 0.02
Construction 0.55 0.25 0.20 0.77 0.13 0.10
Services 0.79 0.70 0.14 0.89 0.05 0.06
Other 0.93 0.03 0.04 0.97 0.02 0.01

Table 3: Firm age and profits

Age (years) Profit (million PKR)

Estimation sample Full sample Estimation sample Full sample

Mean 33.85 36.13 0.72 0.256
Std dev 17.65 15.56 0.64 0.459
p10 6 16 0.28 0
p25 24 17 0.41 0
p50 35 36 0.51 0
p75 46 46 0.79 0.415
p90 56 56 1.48 0.662
N 67,194 612,729 274,344 3,479,431

higher share of both companies and partnerships, which can be justified by the fact that individual
businesses are not required to file the additional forms. Yet, individual business are still very well
represented in the estimation sample. In addition, the estimation sample has a considerably larger
share of retail & wholesale firms and a somewhat smaller share of manufacturing firms. In order
to understand why retail & wholesale are over-represented in the estimation sample, table 2 shows
the distribution of the firms of each sector across business types, for the estimation and full sample,
respectively. Interestingly, the share of individual businesses drops in all sectors except retail &
wholesale.

Table 3 compares the distributions of age and reported profit between the full and estimation
samples. While the distribution of age is fairly similar, the firms in the estimation sample report
higher profit on average, with more than half the firms in the full sample reporting zero profit.
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I think that the novelty of the data used for the markup estimation and the calibration of the model
is one of the contributions of this paper. First, while the widely available datasets used for markup
estimation in developed economies, such as Compustat (De Loecker et al., 2020), consist of only
public firms, my dataset contains records of both public and private firms. Second, survey data from
developing countries typically focuses on manufacturing firms (De Loecker et al., 2016), whereas
table 1 shows that my dataset covers several different sectors of the economy. Third, administrative
tax records, which are typically audited, are less prone to measurement error than survey data.
Fourth, credit constraints and markups are known sources of inefficiency in the developing world
(Herrala and Turk-Ariss, 2013; De Loecker and Eeckhout, 2021), making the use of administrative
data from a developing economy with GDP per capita of 1,500 U.S. dollars particularly fitting.

2.2 Markup estimation

I follow the approach of Hall (1988) to estimate markups using firms’ profit and loss statements
and balance sheets. I assume that firm i in period t has access to a production technology with
productivity Ωit, which uses V variable inputs {Xv|v = 1, 2, . . . , V }, such as labor, materials, and
capital Kit, which is also assumed to be variable:

Qit = Qit(X
1
it, . . . , X

V
it ,Kit,Ωit),

I assume that firms minimize cost, which implies that the first-order condition with respect to
variable input Xv in the cost minimization problem is:

PXv

it = MCit
∂Qit

∂Xv
it

,

where the PXv

it is the price of input Xv and MCit is the Lagrange multiplier in the cost minimization
problem and equals the marginal cost of production. By rearranging the preceding equation and
defining markups as the ratio of the output price Pit over marginal cost, µit := Pit

MCit
, I get the

following expression for the markup:

µit = θX
v

it

(
PXv

it Xv
it

PitQit

)−1

, (2.1)

where θX
v

it is the output elasticity of input Xv. Since cost and sales data is observable from the
income tax returns, I only need to estimate the output elasticity to compute markups. To estimate
the output elasticity, I make six additional assumptions:

1. Firms have a translog production function with common parameters.

2. Firm productivity is Hicks-neutral.

3. The logarithm of firm productivity, ωit := lnΩit, can be decomposed into three additive
components: a time-invariant component ηi, a time-varying productivity component that is
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Table 4: Summary statistics

Variable N Mean Std dev p10 p25 p50 p75 p90

Sales 305,191 300.2 5,999 2.783 4.050 6.110 23.50 141.4
COGS 305,191 258.4 5,606 2.025 3.264 4.974 19.90 123.5
Capital 305,191 161.8 3,580 0.350 0.600 1.260 5.483 49.42

constant across firms γt, and an idiosyncratic and identically distributed shock ϵit; namely,
ωit = ηi + γt + ϵit.

4. The production function can be specified using deflated values of the output, variable inputs,
and capital, instead of quantities. I make this assumption because the tax data reports
elements of the balance sheet in local currency.

5. I capture the role of variable inputs in the production function using the reported value of
cost of goods sold (COGS), which covers the direct cost of production and, among other
categories, contains the cost of labor, energy, and materials. I prefer using such a composite
variable input because the breakdown of the costs by individual variable inputs is poorly
reported in the tax filings. De Loecker et al. (2020) deal with this issue in the same way.

6. Observations are independently distributed across firms. In the estimation process, when
computing the standard errors, I cluster at the firm level allowing for arbitrary correlations
between observations for a given firm at different time periods.

Under these assumptions, I can write a firm’s output as

qit = βxxit + βkkit + βxxx
2
it + βkkk

2
it + βxkxitkit + ηi + γt + ϵit,

where the lower-case variables are the logarithms of the corresponding upper-case variables (in
value terms), and X denotes the cost of goods sold.

I estimate this structural equation using the observed values of capital, cost of goods sold, and sales
through a linear regression with time and firm fixed effects. Table 4 shows some moments of the
distributions of the relevant variables, which are measured in millions of Pakistani rupees (PKR).
All variables have a long right tail as evidenced by the mean being higher than the value at the
90th percentile.

The parameters from the production function estimation are given in table 5. My estimates suggest
that while the production function is log-linear in capital, as evidenced by the near zero coefficients
on higher order terms involving capital stock, it is not log-linear in the cost of goods sold. Given
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Table 5: Production function estimation

Variable Coefficient

Cost 0.110***
(0.0418)

Capital 0.0539***
(0.00833)

Cost - Sqr 0.0263***
(0.00139)

Capital - Sqr 0.00104***
(0.000135)

Capital x Cost -0.00431***
(0.000592)

Constant 7.653***
(0.319)

Observations 305,191
R-squared 0.994
Firm FE YES
Year FE YES
Cluster Firm Level

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

the parameter estimates, I calculate the output elasticity for firm i in period t as

θ̂Xit = β̂x + 2× β̂xxxit + β̂xkkit.

For example, using the logarithms of the median cost of goods sold and capital from table 4 together
with the regression estimates, I find that a firm with median cost of goods sold and capital has an
output elasticity with respect to cost of goods sold of 0.86. Finally, I plug the estimated value θ̂Xit

and the ratio of cost of goods sold to sales into equation (2.1), to get the markup of firm i in period
t.

2.3 Markup analysis

Figure 1 shows the histogram of markups in Pakistan, as estimated using the procedure of the
previous section. Markups are far from constant. The distribution has a single mode slightly above
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Figure 1: Pakistan’s markup distribution
Notes: The bottom- and top-two percentiles of markups have been dropped for plotting purposes.

1 and exhibits a pronounced, long right tail.

Finally, I explore the relationship between markups and profitability, which will be important in
my model. Higher markups need not imply higher profit; instead, they could be just recovering
higher fixed costs. To check whether that is the case, I look at the correlation between a firm’s
profit to sales ratio and its markup. Through a linear regression of the logarithms of the profit to
sales ratios on the logarithms of markups, I find that a 1% increase in markups is associated with a
0.74% increase in the profit to sales ratio (standard error of 0.02). Thus, there is a strong positive
correlation between markups and profitability in my data.

3 Model

Time is discrete and denoted by subscript t. The economy is populated by four types of agents: a
unit mass of financial intermediaries, a measure Nw of workers, a unit mass of intermediate good
producers, and a unit mass of final good producers. The measure of workers is determined in
equilibrium such that the wage rate is w = 1. Intermediate producers are indexed by superscript i.

With the exception of final good producers, whose problem is static, agents have access to one-
period risk-free deposits at the financial intermediaries, at. There are also two perfectly competitive
markets: one for labor, lt, and one for capital, kt.
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3.1 Financial intermediaries

Perfectly competitive financial intermediaries receive deposits from workers and intermediate pro-
ducers under a one-period contract paying a risk-free interest rate of rt. They can freely transform
deposits into capital, which they can then rent to intermediate producers. Since production depre-
ciates capital at a rate δ, the equilibrium rental rate of capital is rt + δ.

3.2 Workers

Each worker is indexed by their deposits at. In each period, they inelastically supply one unit of
labor.

Workers have preferences given by their lifetime utility
∞∑
t=0

βt log(Ct),

where β denotes the time discount factor and Ct denotes the workers’ consumption of the final
good. In each period, they choose how to allocate their total resources between consumption of the
final good and savings:

Ct + at+1 = wt + (1 + rt)at.

Total resources (right-hand side) consist of labor income from supplying labor at the wage wt

and the return on holding at of the risk-free asset with interest rate rt. Workers allocate these
resources between two uses (left-hand side): consumption of the final good Ct, whose price has
been normalized to one, and saving through the risk-free asset at+1.

Workers face no uncertainty. In a stationary recursive equilibrium, their Euler equation implies
that the interest rate must satisfy r = 1

β − 1.

3.3 Final good producers

A unit mass of perfectly competitive producers combine the continuum of intermediate goods
{yit|i ∈ [0, 1]} to produce a final good Yt. Their production function is implicitly defined by the
Kimball aggregator: ∫ 1

0
Y

(
yit
Yt

)
di = 1. (3.1)

I assume that Y(·) takes the same functional form as in Klenow and Willis (2016):

Y(q) := 1 + (σ̄ − 1) exp

(
1

ϵ

)
ϵ
σ̄
ϵ
−1

Γ( σ̄

ϵ
,
1

ϵ

)
− Γ

(
σ̄

ϵ
,
qϵ/σ̄

ϵ

) ,
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where σ̄ > 1 and Γ(u, z) is the incomplete gamma function

Γ(u, z) :=

∫ ∞

z
su−1 exp(−s)ds.

This is a parsimonious way of introducing a relationship between a producer’s size and the elasticity
of demand for their product. Taking the price of intermediate goods {pit|i ∈ [0, 1]} as given, final
good producers choose their intermediate inputs {yit|i ∈ [0, 1]} to maximize profit

Yt −
∫ 1

0
pity

i
tdi

subject to the production technology (3.1). The solution to this problem gives the inverse demand
functions for the intermediate goods

pit = Y ′
(
qit

)[∫ 1

0
Y ′
(
qjt

)
qjt dj

]−1

, ∀i ∈ [0, 1], (3.2)

where qit := yit/Yt denotes the relative output of producer i. The elasticity of demand as a function
of relative output σ(q) is given by

σ(q) = σ̄q−ϵ/σ̄.

The parameters σ̄ and ϵ control the level of the demand elasticity and its variability with relative
output q, respectively. Specifically, ϵ/σ̄ is the elasticity of the demand elasticity with respect to
relative output, or the super-elasticity of demand for short. Taking the limit ϵ → 0 generates the
CES case Y → YCES := q

σ̄−1
σ̄ , which has constant elasticity of demand σ(q) = σ̄. When ϵ > 0, the

elasticity of demand is decreasing in relative output.

3.4 Intermediate producers

Similarly to workers, intermediate producers have logarithmic period utility and time-discount
factor β. However, unlike workers, each intermediate producer faces a probability ξ of exiting at
the end of each period. This uncertainty is resolved at the beginning of each period. Exiting
producers are replaced by an equal measure of new producers. When describing each producer’s
problem, for notational simplicity I drop the i superscript that indexes the producer.

Each intermediate producer is characterized by their productivity, consisting of a permanent com-
ponent z and a transitory component et, and their holdings of the risk-free asset at. The permanent
component of productivity is drawn upon entry from a normal distribution G(z) with mean such
that E[exp(z)] = 1 and standard deviation σz. The transitory component et follows a finite-state
Markov process, whose initial state is drawn from the process’ stationary distribution. Entering
producers start with zero wealth. Each intermediate producer produces a differentiated good and
engages in monopolistic competition with the other intermediate producers.
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Intermediate producers have access to a production technology that employs labor lt and capital
kt as factors of production:

yt = exp(z + et)
1−η

(
lαt k

1−α
t

)η
. (3.3)

The parameter α determines the output elasticity of labor relative to capital and η controls the
returns to scale.

In order to hire any capital, producers must take an intra-period loan from financial intermediaries.
I assume that contractual enforcement is imperfect and allows producers to appropriate a fraction
(1−θ) of the loan, where θ ∈ [0, 1]. Financial intermediaries prevent such appropriation by requiring
a (1 − θ) collateral per unit loaned. Therefore, producers can only hire capital up to a multiple
1/(1− θ) of their collateralizable net worth, which consists of their asset holdings:

k ≤ 1

1− θ
a. (3.4)

The level of financial development, which is governed by θ ∈ [0, 1], affects the constraint’s tightness.
Under completely undeveloped markets (θ = 0), intermediate producers can hire capital only up to
their current asset holdings, k ≤ a. Under the opposite extreme of fully developed markets (θ = 1),
there is no constraint on how much capital intermediate producers can hire.

Taking as given the wage rate wt and the rental rate of capital rt + δ, producers hire labor and
capital, and choose their price pt, so as to maximize their profit, defined as revenue ptyt net of the
wage bill and spending on capital:

πt := ptyt − wtlt − (rt + δ)kt.

They do so subject to their production technology (3.3), the inverse demand for their output by
final good producers (3.2), and the collateral constraint (3.4).

Intermediate producers also choose how to allocate their profit and the return on asset holdings
(1 + r)at between consumption of the final good Ct and new purchases of the risk-free asset at+1:

Ct + at+1 = πt + (1 + r)at.

If a producer exits at the end of the current period, then they choose zero savings, at+1 = 0, and
consume all their resources.

3.5 Equilibrium

Let nt(z, e, a) be the period-t measure of intermediate producers with permanent productivity z,
transitory productivity e, and assets a. I denote the domains of these three variables by Z, E, and
A, respectively. In any period t, there is a unit mass of producers in the economy and thus∫

Z×E×A
dnt(z, e, a) = 1.

13



Let Π : E × E 7→ [0, 1], so that Π(e, e′) gives the one-period probability that the transitory
productivity of an intermediate producer transitions from e to e′, Πstat : E 7→ [0, 1] be the stationary
distribution of the transitory productivity, g : Z 7→ [0,∞) be the density of the distribution
of permanent productivity, and aint : Z × E × A 7→ A be the policy function for assets of an
intermediate producer. Letting Ã denote a compact subset of A and Z̃ denote a compact subset of
Z, the law of motion for the measure of intermediate producers is

nt+1(Z̃, e′, Ã) =

∫
Z×A

∑
e∈E

Π(e, e′)1
{
z ∈ Z̃, aint(z, e, a) ∈ Ã

}
(1− ξ)dnt(z, e, a)

+ g(Z̃)Πstat(e′)1
{
0 ∈ Ã

}
ξ (3.5)

The first term on the right-hand side adds up the intermediate producers in period t with permanent
productivity in Z̃ that do not exit, transition to transitory productivity e′, and choose next period
assets in Ã, aint(z, e, a) ∈ Ã. The second term captures the share of all ξ entrants that draw a
permanent productivity in Z̃ and transitory productivity e′. This term is non-zero only in the case
where Ã contains zero, since entrants always start with zero assets.

A stationary recursive equilibrium consists of an interest rate r, policy functions for workers’
consumption, Cw(a) and holdings of the risk-free asset, aw(a), a policy function for final good
producers’ input use, yf (z, e, a), policy functions for non-exiting intermediate producers’ consump-
tion, Cint(z, e, a), holdings of the risk-free asset, aint(z, e, a), labor use, lint(z, e, a), and capital use,
kint(z, e, a), measures of intermediate producers, n(z, e, a), and a measure of workers Nw such that

1. all agents’ optimization problems, as described in sections 3.2, 3.3, and 3.4, are satisfied

2. the labor market clears

Nw =

∫
Z×E×A

lint(z, e, a)dn(z, e, a)

where the left-hand side is the labor supply by the workers of total mass Nw each supplying
one unit of labor and the right-hand side adds up the labor demand by the intermediate
producers

3. the capital (or risk-free asset) market clears

aw + (1− ξ)

∫
Z×E×A

aint(z, e, a)dn(z, e, a) =

∫
Z×E×A

kint(z, e, a)dn(z, e, a)

where aw is the equilibrium holdings by workers, the second term on the left-hand side adds
up the holdings by non-exiting intermediate producers, and the right-hand side adds up the
demand for capital by intermediate producers

4. the law of motion for the measure of intermediate producers in (3.5) is satisfied
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4 Analytical results

Consider the cost minimization problem of an intermediate producer with permanent productivity
z, transitory productivity e, and assets a. Since this is a static problem, I drop the time subscripts
for notational simplicity. The optimal choices of capital and labor satisfy the following first-order
conditions (FOCs):

w = MC ηα
y

l
, (4.1)

r + δ + λ = MC η(1− α)
y

k
, (4.2)

where MC denotes the producer’s marginal cost and λ denotes the multiplier on the collateral
constraint (3.4). The first equation is the FOC with respect to labor and equates the marginal cost
of labor w with the product of the marginal cost MC and the marginal product of labor ηαy/l.
Similarly, the second equation is the FOC with respect to capital, but in this case the marginal
cost of capital r+ δ is augmented by the multiplier on the collateral constraint. The marginal cost
is given by

MC = y
1−η
η exp(z + e)

η−1
η

(
r + δ + λ

η(1− α)

)1−α( w

ηα

)α

.

The direct dependence on output captures the fact that decreasing returns to scale make produc-
tion more costly as output increases. In addition, the marginal cost depends on output through
the multiplier on the collateral constraint λ. For unconstrained producers, for whom the collat-
eral constraint is not binding, the multiplier is zero, but it is positive for constrained producers.
Specifically,

λ = max

{
1− α

α
y

1
ηα exp(z + e)

η−1
ηα (kmax)−

1
α w − (r + δ), 0

}
,

where kmax := 1
1−θa is the maximum capital allowed by the collateral constraint. The multiplier is

increasing in output and the marginal cost is increasing in the multiplier. Intuitively, a constrained
producer cannot hire more capital and thus can only increase output by hiring more labor. Due to
the decreasing returns to labor, the marginal cost is increasing in output. In the case of a constrained
producer, the multiplier is decreasing in assets a and thus the marginal cost is decreasing in assets
too. The reason is that a producer with higher assets can (and does) hire more capital and thus
does not run as much into the decreasing returns to labor.

The producer sets their price at a markup m over marginal cost, p = mMC , where the markup is
a decreasing function of the elasticity of demand σ:

m =
σ

σ − 1
=

σ̄

σ̄ − q
ϵ
σ̄

.
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Since the elasticity of demand is decreasing in relative output q, the markup is increasing in relative
output.

Combining the above elements leads to the following proposition.

Proposition. For an intermediate producer, ∂q
∂a ≥ 0 and ∂m

∂a ≥ 0, with strict inequalities if the
producer is constrained.

An increase in the assets of a constrained producer allows them to hire more capital. This reduces
their marginal cost and thus their price, allowing them to capture a larger market share. As a
result, they face a lower elasticity of demand and thus they charge a higher markup.

5 Quantitative analysis

In order to make further progress in understanding the interaction of financial frictions and markups,
I numerically solve for the equilibrium of my economy. In particular, I calibrate my model to
the economy of Pakistan and perform comparative statics with respect to the level of financial
development, θ. I then uncover the role of variable markups by performing the same comparative
statics in an economy with constant markups and comparing the results.

5.1 Parameterization

I choose the period length of my model to be one year. I set the discount rate β to 0.92, which implies
a real interest rate of about 8.7%. I assume that capital depreciates at a rate δ = 0.06, that the
parameter controlling the output elasticity of labor relative to capital in the intermediate producers’
production function is α = 2/3, and that the probability of exit for intermediate producers is
ξ = 0.1.

The remaining parameters of the model with constant markups (that is, with the exception of ϵ,
which controls the super-elasticity of demand and is set to zero in the constant markups economy)
are jointly calibrated to the economy of Pakistan.3 For this purpose, I choose empirical targets
calculated using either the data described in section 2.1 or, when this is not possible, aggregate
data from external sources. Table 6 summarizes the parameter values chosen and table 7 displays
the values that the calibration target take in both the data and the model.

I assume that the intermediate producers’ transitory productivity follows a discretized AR(1) pro-
cess with persistence ρ and normally distributed shocks with mean zero and standard deviation σϵ.
These productivity parameters, together with the standard deviation of the permanent productivity
component σz, control most closely the dispersion of output and output growth across producers

3I choose to use the constant markups version of my economy for most of the calibration because solving the
economy with variable markups is significantly more computer-time intensive.

16



Table 6: Parameterization

Benchmark

Discount factor β 0.92
Capital depreciation δ 0.06
Production function’s labor power α 0.67
Exit probability ξ 0.1
Transitory productivity’s persistence ρ 0.85
Transitory productivity shocks’ s.d. σϵ 1.90
Permanent productivity s.d σz 0.97
Span of control η 0.92
Collateral constraint θ 0.76
Average demand elasticity σ̄ 10.09
Super-elasticity ϵ/σ̄ 0.32

and the autocorrelation of the producers’ output. I therefore target the cross-sectional standard
deviation of sales and sales growth, as well as the one-year firm-level autocorrelation of sales, in my
data.

To pin down the span of control η, I use the aggregate profit share in my data of 0.14 as a target.
The financial development parameter θ determines debt issuance, so I target the debt-to-output
ratio in Pakistan’s manufacturing sector. Given that debt is not reliably reported in my data, I use
the value of loans granted to the manufacturing sector as reported by the State Bank of Pakistan.
Coupled with the gross domestic product of manufacturing as reported by the World Bank, I get
a debt-to-output ratio of 0.69.

The average demand elasticity for the output of intermediate producers, σ̄, is set to 10.09, in order
to match the cost-weighted aggregate markup in Pakistan’s manufacturing sector of 1.11. Under
variable markups, the elasticity of demand for the output of intermediate producers and therefore
the markup distribution are determined by not only the average demand elasticity σ̄ but also the
super-elasticity ϵ/σ̄. Specifically, σ̄ controls the level of markups and ϵ determines how the sales
distribution translates to the markup distribution. My model implies the following relationship
between producer-level markups µi

t and market shares pityit/Yt:

1

µi
t

+ log

(
1− 1

µi
t

)
= constant+ ϵ

σ̄
log

(
pity

i
t

Yt

)
.

I estimate this regression in my data and set ϵ such that ϵ/σ̄ matches its regression estimate of
0.32.
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Table 7: Calibration targets

Moment Data Model

Std. dev. of sales 1.90 2.18
Std. dev. of sales growth 0.66 0.68
1-year sales’ autocorrelation 0.94 0.94
Aggregate profit share 0.14 0.24
Debt-to-output 0.69 0.88
Average markup 1.11 1.11
Super-elasticity 0.32 0.32

5.2 The effect of financial frictions and markups

I now show how financial frictions and markups enter the intermediate producers’ optimality con-
ditions, as well as how they are aggregated and affect the aggregate outcomes of the economy.

Combining the first-order condition for the producers’ labor choice (4.1) with the fact that they
set their price at a markup over marginal cost implies that the markup mi is a wedge that reduces
the labor share of revenue (left-hand side) below the production elasticity of labor, ηα:

wli

piyi
=

ηα

mi
.

Aggregating over the producers gives a similar expression for the aggregate labor share:

wL

Y
=

ηα

M
,

where the aggregate labor wedge

M =

∫ 1

0
mi l

i

L
di

is the aggregate markup, defined as the labor-weighted average of the producer-level markups.

Using the first-order condition for the capital choice (4.2), a similar expression for the capital share
of revenue can be derived:

(r + δ)ki

piyi
=

η(1− α)

miλ̃i
,

where

λ̃i :=
r + δ + λi

r + δ

is the ratio of the shadow cost of capital to the cost of capital absent the collateral constraint. In this
case, the wedge between the capital share of revenue (left-hand side) and the production elasticity
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of capital, η(1−α), is driven by not only the markup but also how binding the collateral constraint
is, as captured by λ̃i. Aggregating over the producers gives an expression for the aggregate capital
share:

(r + δ)K

Y
=

ηα

Λ
,

where the aggregate wedge

Λ =

∫ 1

0
miλ̃i k

i

K
di

is the capital-weighted average of the producer-level wedges.

Table 8 reports the model-implied moments of the distribution of the markup (or labor wedge) and
the capital wedge, weighted by each producer’s labor and capital share, respectively. The average
markup is 1.21, implying that the aggregate labor share is 1/1.21 = 17% lower than the share
implied by the production elasticity of labor. The capital wedge is larger on average and more
dispersed. Since λ̃i ≥ 1, the capital wedge miλ̃i is by definition larger than the markup. If all
producers were unconstrained, then the two wedges would coincide. However, some producers are
constrained, leading to a mass of relatively high capital wedges. As a result, the average capital
wedge is significantly higher than the average markup wedge and the capital wedge distribution is
more dispersed than the markup distribution. The average capital wedge is 1.54, implying that the
aggregate capital share is 1/1.54 = 35% lower than the share implied by the production elasticity
of capital.

Figure 2 plots the shadow cost of capital, r+ δ+λi, against assets, for two intermediate producers
with different productivities. Conditional on productivity, producers with higher assets face a laxer
collateral constraint and thus the shadow cost of capital is decreasing in assets. Conditional on
assets, more productive producers are more constrained (have a higher shadow cost of capital), since
their optimal scale of production is higher and thus want to employ more capital. This relationship
is also reflected in the mass of constrained producers that have high markups in figure 3, which
plots separately the markup distribution of constrained and unconstrained firms. These producers
are very productive and thus charge high markups despite being constrained.

Figure 4 plots the markup policy of intermediate producers for two different levels of productivity.
At high levels of assets, producers are unconstrained and thus they can charge their optimal markup.
As observed in figure 2, the required level of assets for a producer to be unconstrained is increasing
in productivity, due to the increase in the optimal scale of production. Conditional on the level
of assets, producers with higher productivity have lower marginal cost and can therefore set lower
prices, capture a larger market share, and charge higher markups.

Figure 5 illustrates the saving policy of intermediate producers for a given permanent productivity
z but two different levels of idiosyncratic productivity e. At low levels of assets, producers choose
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Table 8: Distribution of wedges

Markup Capital wedge

Mean 1.21 1.54
Std dev 0.07 0.93
Min 1.01 1.01
p1 1.06 1.09
p5 1.1 1.13
p10 1.12 1.16
p25 1.15 1.21
p50 1.2 1.31
p75 1.25 1.58
p90 1.3 2.1
p95 1.33 2.6
p99 1.4 4.65
Max 1.51 305.51
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Figure 2: Intermediate producers: Shadow cost of capital
Notes: Both curves correspond to producers with the highest permanent productivity z. The “High productivity”
producer also has the highest idiosyncratic productivity e, while the “Low productivity” producer has the fourth
highest idiosyncratic productivity.
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Figure 3: Intermediate producers: Markup distribution by constraint
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Figure 4: Intermediate producers: Markup policy
Notes: Both curves correspond to producers with the highest permanent productivity z. The “High productivity”
producer also has the highest idiosyncratic productivity e, while the “Low productivity” producer has the second
highest idiosyncratic productivity.
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Figure 5: Intermediate producers: Saving policy
Notes: Both curves correspond to producers with the highest permanent productivity z. The “High productivity”
producer also has the highest idiosyncratic productivity e, while the “Low productivity” producer has the second
highest idiosyncratic productivity.

to build up their asset stock, in order to relax future collateral constraints. As the asset stock
increases, future collateral constraints become less binding and thus producers save less. Indeed,
at high levels of assets, they reduce their asset stock. Given their smoothing motive and positive
probability of exit, producers will not choose to accumulate enough assets to remain unconstrained
under any realization of the future.

5.3 Surviving producer’s lifecycle

Figure 6 plots the lifecycle of one million intermediate producers. Specifically it shows the time
series of their average assets and the fraction of the survivors that are constrained, starting from
the time they are born. The typical producer accumulates assets in the first years of their life, in
order to overcome their collateral constraint. By the tenth year of their life, almost all producers
have managed to become unconstrained. Therefore, in equilibrium, the set of constrained producers
consists of young producers that have not yet been able to accumulate enough assets in order to
become unconstrained.
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Figure 6: Surviving intermediate producer’s lifecycle
Notes: The figure is based on a lifecycle simulation of a cohort of one million intermediate producers. At each age,
the figure shows the average assets held by the surviving producers and the fraction of the surviving producers that
are constrained.

5.4 Comparison with efficient allocation

The aggregate production function can be written as

Y = Z
(
LαK1−α

)η
,

where the aggregate productivity Z is given by

Z−1 =

∫ 1

0

(
qi

z̃i

) 1
η

(λ̃i)−αdi


η(1−α)∫ 1

0

(
qi

z̃i

) 1
η

(λ̃i)1−αdi


ηα

and z̃i := exp(zi + ei)1−η denotes the total factor productivity of producer i. Financial frictions
enter the expression for aggregate productivity directly through λ̃i and generate efficiency losses.
At the same time, both financial frictions and variable markups distort the allocation of output
across producers, as captured by qi, leading to further efficiency losses.

5.5 How costly are financial frictions in the presence of variable markups?

I now compare the effect of a relaxation of financial frictions in an economy with variable markups
relative to one with constant markups. Specifically, I perform comparative statics with respect to
degree of financial development θ and present the results in table 9. For each economy, I show the
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Table 9: Comparative statics with respect to financial development

ϵ =3.23 CES

θlow θhigh %∆ θlow θhigh %∆ %∆-in-∆

Consumption 0.04 0.09 115.43 0.24 0.49 102.29 12.84
Debt (gross) 0.03 0.09 158.54 0.21 0.51 146.94 7.89
Debt (gross) to capital 0.61 0.68 10.52 0.6 0.68 12.32 -14.61
Debt (gross) to output 0.77 0.92 19.24 0.78 0.94 21.26 -9.48
Capital 0.06 0.13 133.93 0.34 0.75 119.86 11.74
Labor 0.02 0.05 117.98 0.15 0.3 103.65 13.82
Output 0.04 0.1 116.82 0.26 0.54 103.65 12.7
Capital share 0.18 0.2 7.89 0.19 0.2 7.96 -0.81
Labor share 0.51 0.51 0.54 0.55 0.55 0.0 105543.07
Profit share 0.31 0.29 -5.58 0.26 0.24 -5.86 -4.84
Frac. constrained 0.92 0.88 -4.33 0.9 0.85 -5.23 -17.18
Output per capita 0.04 0.09 111.27 0.23 0.41 79.86 39.32
Consumption per capita 0.04 0.09 109.91 0.21 0.38 78.66 39.73
Investment per capita 0.0 0.01 127.94 0.02 0.03 94.17 35.86
Agg. markup 1.21 1.21 -0.65 1.11 1.11 0.0 -Inf
Agg. capital wedge 1.67 1.54 -7.31 1.62 1.5 -7.37 -0.75
Agg. productivity 1.11 1.15 3.52 1.2 1.24 3.32 5.78

CES: θlow =0.68, θhigh =0.76
Kimball: θlow =0.68, θhigh =0.76

results for two levels of θ, θlow and θhigh, and the percentage difference between them. The last
column of the table shows the percentage difference in the percentage differences. The value of
θhigh corresponds to the value implied by the calibration, while the value of θlow corresponds to a
10% drop from that value. Reducing the level of financial frictions from θlow to θhigh corresponds
to an about 20% increase in aggregate debt-to-output.

Focusing on the steady states corresponding to high financial development, θhigh, we see that the
output per capita in the constant markups economy is more than four times higher than in the
variable markups economy. This can be explained by the constant markups economy having more
than five times higher capital and six times higher labor. The higher output per capita is also
a result of the aggregate productivity being about 8% higher in the constant markups economy.
The lower inefficiency is also reflected in the aggregate wedges, with the variable markups economy
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having about 9% higher aggregate markup and 2.6% higher aggregate capital wedge. The share of
producers that are constrained is also slightly higher in the variable markups economy.

In both economies, the degree of financial frictions plays an important role in the determination of
the equilibrium. Most of the producers are constrained. Specifically, in the more financial developed
economies more than 85% of the producers are constrained, while in the less financial developed
economies this percentage rises to more than 90%. The effect of reducing the financial frictions is
similar when taking into account the intensive margin too: aggregate capital wedge drops by about
7%. The less constrained economies also have more than double the output of the respective more
constrained economies. This is a result of the more than doubling of aggregate capital and labor,
as well as a more than 3% increase in aggregate productivity.

Comparing the effect of relaxing the collateral constraints between the constant and variable
markups economies, I find that the presence of variable markups amplifies the benefit of reducing
the financial frictions. The percentage change in output per capita is 39% larger in the variable
markups economy than in the constant markups economy. I now turn to explaining this difference.

5.6 Decomposing the effect of each aggregate wedge

In this section, I use the economy’s aggregate equilibrium conditions, in order to better understand
the mechanism through which a change in financial frictions affects the aggregate variables and how
this mechanism differs with the level of markup variability. Specifically, given the prices {r, w},
which are simple functions of the model parameters, and the aggregate wedges {M,Λ, Z}, the
aggregate variables of the economy {Y,K,L} are determined by a system of equations consisting
of the definitions of the three wedges:

Y = Z
(
LαK1−α

)η
,

wL

Y
=

ηα

M
,

(r + δ)K

Y
=

η(1− α)

Λ
.

This system of equations is log-linear and thus, after talking logarithms, can be solved for {log Y, logL, logK}
as functions of the aggregate wedges:

log Y =
1

1− η
logZ − ηα

1− η
logM − η(1− α)

ηα
log Λ + CY ,

logL =
1

1− η
logZ − 1− η(1− α)

1− η
logM − η(1− α)

ηα
log Λ + CL,

logK =
1

1− η
logZ − ηα

1− η
logM − 1

α
log Λ + CK ,

where the {CY , CL, CK} are functions only of the production function parameters, η and α, and the
input prices, r + δ and w. Aggregate output, labor, and capital are all increasing in the aggregate
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Table 10: Decomposition by aggregate wedge

ϵ =3.23 CES

Total Z M Λ Total Z M Λ

Y 0.78 0.44 0.05 0.3 0.71 0.41 0.0 0.3
L 0.79 0.44 0.06 0.3 0.71 0.41 0.0 0.3
K 0.86 0.44 0.05 0.37 0.79 0.41 0.0 0.37

productivity of the economy logZ and decreasing in the aggregate markup logM and the aggregate
capital wedge log Λ.

I use this representation of the economy to understand how important each wedge is for translating
a change in the level of financial frictions to a change in aggregate output, labor, and capital. The
production function parameters and input prices are independent of the variability of markups ϵ

and the level of financial frictions θ. Therefore, all differences in aggregate output, labor, and
capital between economies with different level of financial frictions θ and/or markup variability ϵ

can be attributed to differences in the aggregate wedges. Table 10 revisits the comparative statics
of Table 9. It decomposes the increase in {log Y, logL, logK}, caused by the improvement in the
level of financial development θ, to each aggregate wedge.

The effect of the change in the aggregate capital wedge is the same in the two economies. As
discussed earlier, the aggregate capital wedge is given by

Λ =

∫ 1

0
miλ̃i k

i

K
di.

In the CES economy, all producers charge the same markup: mi = m, ∀i. Therefore, the change in
the aggregate capital wedge caused by a change in θ is a result of changes in the extent to which
producers are constrained, λ̃i, and the allocation of capital across producers, ki/K. However, when
markups are variable, the change in the aggregate capital wedge can also be caused by a change in
the covariance between markups and the extent to which producers are constrained. Despite this
difference, I find that the change in θ changes the aggregate capital wedge by the same amount in
the two economies.

Instead, the larger increase in output observed in the variable markups’ case is attributable to the
other two wedges. In the CES case, the aggregate markup is constant by assumption and thus
has no effect. However, in the variable markups economy, the reduction in the financial frictions
reduces the aggregate markup and this increases output, labor, and capital. In addition, aggregate
productivity increases by more in the variable markups economy, boosting the effect of financial
development on output, labor, and capital.
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5.7 Change in the lifecycle of producers

I now investigate further the effect on financial development on aggregate efficiency and how it
depends on markup variability. In both the variable and the constant markups economy, the
reduction in financial frictions allows producers to overcome their collateral constraint faster. In
order to compare the magnitude of this effect in the two economies, I focus on the lifecycle of
a cohort of producers that enter the economy at the same time. Table 11 shows the fraction of
the surviving cohort that is constrained in the low financial frictions economy relative to the high
financial frictions economy, five periods after birth. Each row corresponds to a different level of
permanent productivity. For the three highest levels of permanent productivity, the reduction
of the financial frictions reduces the fraction of constrained producers by more in the variable
markups economy than in the constant markups economy. For example, in the highest permanent
productivity group, only 48% of the producers that are constrained when financial frictions are high
remain constrained when financial frictions are low, compared to 61% in the constant markups
economy. The opposite is true for the lowest permanent productivity groups: the reduction in
financial frictions helps producers more in the constant markups economy than in the variable
markups economy. It follows that the reduction of financial frictions is particularly important in
the variable markups case.

The reason that the reduction in financial frictions benefits the most productive producers particu-
larly in the variable markups economy can be understood by looking at the interaction of financial
frictions and variable markups at the producer level. Independently of the variability of markups,
constrained producers are restricted in size. This harms their profitability and thus their ability
to build their asset stock and overcome their collateral constraint. However, when markups are
variable, the constrained producers’ small size implies that they also charge low markups. As a
result, their profitability and their ability to overcome their constraint is harmed further. There-
fore, reducing the financial frictions is more beneficial in the presence of variable markups. This is
particularly true for high productivity producers, who (conditional on assets) have a higher optimal
scale of production and thus are more likely to be constrained.
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Table 11: Relative fraction constrained by permanent productivity in period t = 5

z index ϵ =3.23 CES ∆

1 0.89 0.69 0.19
2 0.88 0.68 0.21
3 0.87 0.66 0.2
4 0.78 0.71 0.07
5 0.63 0.68 -0.04
6 0.65 0.69 -0.04
7 0.75 0.66 0.09
8 0.67 0.65 0.02
9 0.54 0.58 -0.04
10 0.55 0.58 -0.03
11 0.48 0.61 -0.13

5.8 Change in the markup distribution

Given the importance of the aggregate markup in explaining the difference in the increase in output
between the variable markups and constant markups economy, I now analyze the effect that the
reduction of the financial frictions has on the markup distribution in the variable markups economy.
Table 12 shows moments of the (unweighted) markup distribution for the two levels of financial
frictions used in the comparative statics. Although the changes in the markup distribution are
small in magnitude, I find that the markups at the top of the distribution fall with financial
development. As financial frictions are reduced, young producers are less constrained and are able
to capture larger market shares. This creates more competition and thus lower market shares
and markups for older producers. Indeed, some older producers were able to charge high markups
because they had accumulated enough assets to be unconstrained, even if they were not particularly
productive. Preventing such high markups is beneficial for the economy.
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Table 12: Markup distribution moments by θ

θlow θhigh

Mean 1.06 1.07
Std dev 0.07 0.07
Min 1.01 1.01
p5 1.01 1.01
p10 1.02 1.01
p25 1.02 1.02
p50 1.02 1.02
p75 1.1 1.11
p90 1.18 1.18
p95 1.23 1.22
Max 1.54 1.51

θlow =0.68, θhigh =0.76

6 Conclusion

I analyze the interaction between financial frictions and variable markups and draw implications for
the ability of financial frictions to explain income per capita differences across countries. For this
purpose, I build a quantitative heterogeneous-agent model of producer dynamics with two main
elements. First, financial frictions take the form of imperfect contractual enforcement. In order
to hire capital, producers must take an intra-period loan, but imperfect contractual enforcement
limits the loan size (and thus the capital hired) to a multiple of the producer’s collateralizable
assets. Second, producers produce differentiated goods and engage in monopolistic competition,
leading to markups. These goods are aggregated into a final good such that the demand elasticity
faced by intermediate producers is decreasing in their relative output, making markups increasing
in relative output. I combine the model with empirical analysis of novel producer-level tax data
from Pakistan. Specifically, I calibrate the model to match the empirical distribution of sales across
producers, the aggregate markup, the empirical relationship between market shares and markups,
and salient features of the producers’ lifecycle.

I find that financial frictions are more costly in an economy with variable markups relative to one
with constant markups: a 10% reduction in financial frictions increases output per capita by 39%
more when markups are variable relative to when markups are constant. Variable markups am-
plify the positive effect of reducing the financial frictions through the interaction between variable
markups and self-financing. Independently of the variability of markups, financial frictions prevent
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producers from achieving their optimal size, unless they have accumulated enough assets to over-
come their collateral constraints. However, in the presence of variable markups, for as long as these
constrained producers remain small, they face a high demand elasticity for their products. They
therefore charge a low markup, which limits their profitability and thus their ability to overcome
their collateral constraints. As a result, relaxing the economy’s financial frictions not only relaxes
the collateral constraints of the producers directly but also improves their self-financing ability
indirectly through higher markups. The additional burden that low markups have on constrained
producers also implies that the unconstrained producers face lower competition. They can there-
fore charge higher markups, which reduces the economy’s efficiency. This implies that relaxing
the financial frictions in the variable markups’ economy has the additional benefit of encouraging
competition between producers.

Overall, financial frictions can play a central role in determining the aggregate productivity of an
economy. This role is elevated in the presence of markup heterogeneity across producers. In light of
the importance of aggregate productivity in accounting for differences in output per capita across
countries, financial development appears to be a prime determinant of economic development.
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