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1. Introduction

A large fraction of differences in GDP per capita across countries can be attributed to misallocation of resources within the economy (Caselli (2005); Hsieh and Klenow (2009)). A growing
literature has started to examine the source of this misallocation, and in particular, the role of
government policies in distorting the production decisions of a firm. A large number of industrial
policies (as well as a developmental aid1 ) in both developing and developed countries promote
micro, small and medium enterprises (MSME) by either imposing barriers on large firms or by
subsidizing small firms. This is not surprising since MSMEs account for more than half the manufacturing employment in most countries (Ayyagari et al. (2014)). Typically these policies provide
MSMEs with enhanced financial access, business and technical training, simplified tax policies or
exemptions, ease in labor market regulations, protection from competition, public procurement
policies etc. In many cases, these policies are further targeted at MSMEs producing specific products or operating in particular industries (see table A1 for examples across countries).
While the literature has predominantly examined the impact of these size-based policies on
employment creation (see Grimm and Paffhausen (2015) for a review), mitigating financial barriers
(see Kersten et al. (2017) for a review) and labor market barriers (De Mel et al. (2016)), there has
been recent interest in examining the implications of these policies on aggregate productivity and
welfare costs (Garcia-Santana and Pijoan-Mas (2014); Garicano et al. (2016); Gourio and Roys
(2014)). Intuitively, size-based policies can affect resource allocation (and hence production and
welfare) through three channels– (i) allocation across firms (firm size); (ii) allocation within a firm
across products (product mix) and (iii) allocation driven by general equilibrium effects operating
through changes in product and factor input prices.
In this context, the paper first builds a theoretical model of how size-based policies impact the
production decision of a firm. Extending previous work by Bernard et al. (2011), I model firms as
manufacturing multiple products with potentially correlated productivity across products. Apart
1

For example between 2006-12, the World Bank devoted $9.8 billion to SME projects while the The International
Finance Corporation directed $25 billion to SME projects.
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from choosing how much to manufacture (firm size), firms can also choose which products to manufacture (product mix). A firm is classified as “small” if its total size across all products is below
a policy threshold. Furthermore, to account for possible imperfect implementation of the policy, I
model a product-specific, size-based policy as a per-unit penalty (subsidy) on either sales, employment or capital of a large (small) firm and examine how it alters the decision of a firm. The model
offers two insights: first, as the size of a firm approaches the policy theshold, it chooses to remain
“inefficiently” small i.e. it would want to expand more in the absence of the policy constraint,
but chooses to remain “small” to avoid paying the penalty. Second, even firms that manufacture
products not targeted by the policy are affected. This comes not only from the inefficiently small
firms (described previously), but also from firms who are relatively more productive in the nontargeted products. Under a size-based policy that targets some products, these firms skew their
product mix away from the targeted products (even though they are viable for production) to
avoid being constrained by the size-based policy threshold. This insight highlights the limitation
of using standard approaches (such as difference-in-differences) to evaluate such policies since the
“control” group of non-targeted products are also affected through the production decisions of a
multi-product firm. Lastly, I show that a policy reform that removes size-based constraints can impact as firm through two channels– first, in partial equilibrium (holding product and factor prices
constant), constrained firms expand in size and scope. However, a countervailing force operates
through general equilibrium to lower product prices and increase factor input prices. This puts a
downward pressure on firm expansion. The model therefore generates specific predictions on how
different types of firms (small and large, incumbents and entrants) respond differentially to the
policy reform.
A domestic, size-based, product-specific industrial policy in India is an ideal setting to test
the implications of the model and quantify its implications on aggregate welfare. The policy
(instituted in the late 1960s) “reserved” hundreds of products to be manufactured exclusively by
small firms. This protected small firms manufacturing these reserved products from competing
with large firms. In an important policy reform, most of these products were “dereserved” between
3

2000-2008 allowing any firm (small or large) to manufacture them. Using a panel of firms from the
Annual Survey of Industries and plausibly exogenous variation in the timing of when a product
gets dereserved, I study how different types of firms responded to the policy. While previous work
by Martin et al. (2017) examines adjustments in firm size, I extend their analysis to examine
adjustments in the product mix of a firm. In line with the theory, I find that even though firms
decreased their overall product scope after the policy reform, this was in fact driven by adding
products that were on the reservation list (ever-reserved) and dropping the never-reserved products.
I also find substantial heterogeneity across firms depending on if a firm was small or large, an
incumbent (producing the reserved product prior to the reform) or an entrant (producing the
reserved product after it gets dereserved). For example, all incumbents decreased their product
scope by dropping the reserved products, while entrants expanded. Moreover, smaller incumbents
shrank more as compared to the larger incumbents and larger entrants expanded more than smaller
ones.
With additional structural assumptions, I then estimate the model to– (a) quantify aggregate
welfare gains from the policy reform (as measured through consumption equivalence); (b) decompose the sources of these welfare gains coming through re-allocation of resources across firms (i.e.
firm size) as well as within a firm across its products (i.e. product scope) and (c) examine the productivity gains of the policy across the firm distribution. I find that when firms can flexibly adjust
their size and scope (“long run”), the policy reform increases aggregate welfare by 4.6 percent. I
then consider a “short run” counterfactual where firms, having paid the fixed costs of production,
can only adjust their size in response to the policy reform i.e. I fix the product mix and only
allow firms to adjust their size. I find that this channel accounts for around 60 percent of the total
welfare gain. This suggests that adjustment in the product mix is an important channel through
which firms respond. Second, I examine the efficiency gains from the policy. Specifically, I classify
firms into deciles by their total profits and then examine the average change in the productivity
of firms in each decile before and after the policy. I find that the average productivity decreases
across almost all deciles with the policy reform. However, understanding the total effect is not
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straightforward since it comes from two channels: (a) gains from sorting of firms across declies
after the policy reform and (b) productivity gains conditional on sorting. A decomposition of the
total effect into these two channels finds that the gains from sorting are negative for the lower
deciles and positive for the higher deciles. This is simply because more productive firms sort into
the higher deciles after the policy reform. However, the productivity gains conditional on sorting
are exactly the opposite i.e. positive for the lower deciles and negative for the higher deciles. This
is primarily driven in the lower deciles by smaller firms contracting their product mix to produce
products that they are relatively most efficient in manufacturing and larger firms (in the higher
deciles) expanding their product mix to manufacture products that they are comparatively less
productive in. The quantitative analysis therefore suggests that the size-based policies can have
substantial welfare effects, which can be realised not only across firms, but also within a firm across
its product mix. Moreover, it can also generate a substantial heterogeneity in the productivity
changes across the firm distribution.
This paper contributes to various strands of the literature: first, it contributes to a large literature that examines the effects of size-based industrial policies (see reviews by Cravo and Piza
(2016); Grimm and Paffhausen (2015); Kersten et al. (2017)) by examining the implications of
these policies on aggregagte welfare and productivity (Braguinsky et al. (2011); Garcia-Santana
and Pijoan-Mas (2014); Garicano et al. (2016); Gourio and Roys (2014)). Specifically, this paper
shows that when a policy targets specific products, it generates spillovers on products that are not
targeted directly, thus highlighting the limitations of using standard approaches to evaluate them.
Second, this paper contributes to a growing literature that examines the distortionary effects of
industrial policies (Bento and Restuccia (2017); Brandt et al. (2013); Guner et al. (2008)) and the
different channels through which multiproduct firms can respond to them (Bernard et al. (2010,
2011); Garcia-Marin and Voigtländer (2017); Goldberg et al. (2010); Nocke and Yeaple (2014))
using a large, domestic, product-specific, size-based policy reform (as opposed trade reforms for
example). Third, specifically with respect to the product reservation policy in India as examined
by Boehm et al. (2016); Garcia-Santana and Pijoan-Mas (2014); Martin et al. (2017); Rotemberg
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(2014); Tewari and Wilde (2017), this paper builds the theoretical foundation to examine the empirical results and shows spillovers between the targeted and non-targeted products. Furthermore,
it quantifies the welfare implications and reports the source of these welfare gains coming through
various channels of resource allocation.
The rest of the paper is structured as follows: section 2 discusses the specific dereservation policy
reform in India. Section 3 presents a theoretical model of heterogeneous firms choosing their size
and scope in general equilibrium and in the presence of (potentially product-specific) size-based
industrial policies. Section 4 discusses the data, some stylized facts on manufacturing firms in
India and the product reservation policy. Using a plausibly exogenous variation in the timing of
dereservation, section 5 tests the theoretical predictions of the model. Section 6 then discusses the
calibration and estimation of the model parameters. Section 7 quantifies the welfare gains from
the policy and examines the different sources of these gains. Section 8 offers a short conclusion.

2. Dereservation policy reform in India

MSME definition. Small scale industrial enterprises (SSE) in the Indian context are defined by
the Industries Development and Regulation Act, 1951. An industry unit is classified as “small”
if the total value of fixed assets in plant and machinery (excluding land and building) is below
a certain threshold. This threshold has changed over the years from 0.5 million rupees in 1960
to 30 million rupees in 1997. Between 2000-2010 (the relevant time period for this study), this
threshold was 10 million rupees (≈$135k) from 2000-2006 and 50 million rupees (≈ $680k) from
2007-2010. MSMEs in India have accounted for around 40 percent of the industrial production
and 5-7 percent of GDP over the last three decades (MSME Annual Report, 2010)2.

2Ministry

of Micro, Small and Medium Enterprises, Government of India Annual Report 2010, http://dcmsme.gov.
in/Annual-Report-2010-11.pdf
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Reservation policy. Since independence, India has attempted to boost output and employment
by protecting its micro, small and medium enterprises, which have often been viewed by policymakers as engines of growth. MSMEs have been beneficiaries of substantial institutional and financial
assistance like subsidized access to credit, excise exemptions, preference in government procurement and subsidies in power and capital inputs (Mohan (2002)). Since the Third Five Year Plan
(1961-1966), one of the most important policies to protect MSMEs was by reserving hundreds of
products in the Indian manufacturing sector to be produced exclusively by small firms. The types
of products reserved covered many industrial sectors ranging from textiles, food and electronics
to chemicals, ores, minerals and transport (see table A2 for some examples). The main rationale
for reservation of products was the feasibility of production, employment generation, diffusion of
entrepreneurial talent and the prevention of economic concentration. The reservation policy was
enforced until the late 1990s, when a policy reform to dereserve these products was introduced
(see discussion below). With regard to the impact and enforcement of the policy, 17.5 percent
of firms in the manufacturing sector produced atleast one reserved product in 2000, and these
firms accounted for 20 percent of the employment and 27.5 percent of gross value-added in the
manufacturing sector.3,4 With regard to the enforcement of the policy, figure A1 shows an example
where criminal complaints were filed against large firms that violated the policy and manufactured
reserved products. However, enforcement of the reservation policy was far from perfect. Figure
2 plots the distribution of firms conditional on manufacturing at least one reserved product (left
panel) and no reserved products (right panel) relative to the policy threshold in the year 2000
using data from the Annual Survey of Industries and the National Sample Survey of Unorganized
Manufacturing. Two observations can be made: (a) there is a mass of “large” firms that manufacture atleast one reserved product, even though de jure there should not be any; (b) there is a
3

Calculations from the Annual Survey of Industries (ASI) and 56th round of National Sample Survey of Unorganized
Manufacturing (NSS). See section 4 for details on the ASI and http://mospi.nic.in/ for details on the NSS.
4This is similar to Mohan (2002) who finds in 1987 that 30 percent of firms manufactured atleast one reserved
product and they accounted for around 12 percent of total Indian manufacturing output and around 30 percent of
the output in the small-scale sector.
7

discontinuity at the threshold for firms manufacturing at least one reserved product (though it is
not robust), which is absent if the firm does not manufacture any reserved product. Put together,
this indicates the imperfect enforcement of the policy.

Policy reform on dereservation. With the introduction of substantial economic reforms that
laid an emphasis on liberalization, delicensing and deregulation in 1991, critics of the reservation
policy argued that it discouraged firm growth, technology upgradation and thus slowed down
expansion in the manufacturing sector. In response, an Advisory Committee on Reservation was
set up in 1995 to review the need to keep products reserved based on a variety of dimensions
(such as SSE interests, technology, competition, consumer interests, labor intensity etc). Starting
1997, various products were “dereserved” every year (see figure A2 for an example notification).
Figure 1 graphs the timeline of the policy. As seen in panel A, the policy was initiated in the late
1960s and between 1975-2000, over 800 products were reserved. As shown in panel B, over the
period of 1997-2008, more than 95 percent of products on the reservation list were dereserved. The
order and timing of which products were dereserved each year is unclear with no clear explanation
in government documents, media reports and conversations with ministry officials (Martin et al.
(2017); Tewari and Wilde (2017)).

3. Model

In this section, I present a theoretical model of multiproduct firms that make production decisions in the presence of size-based policies. The model framework is similar to Bernard et al.
(2011) where an economy consists of S sectors with a finite number of products (Ns ) produced in
each sector s. Products within and across sectors are imperfect substitutes in demand and require
production expertise. There is a representative consumer who owns the capital and labor stock K
and L respectively and inelastically supplies it at r and w respectively.
8

3.1. Consumer’s problem
A representative consumer derives utility from consuming varieties of products across s =
{1, . . . , S} sectors:
U=

Y

S
X

Csκs and

s

κs = 1

s=1

Ns products are manufactured in a sector s and are imperfect substitutes in demand with an
elasticity of demand ν. Therefore, the consumption composite for a sector s is given by:
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s
X
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ν

#

ν
ν−1
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Lastly, firm varieties are imperfect substitutes in consumption and the consumption composite of
product p in sector s is given by:

Cp =
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Ω
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ψ

#
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I make the natural assumption that elasticity of substitution across varieties is greater than the
elasticity of substitution across products i.e. ψ > ν > 1. Define the standard price indices for
sector s and for product p (in sector s) as:

"

(1)
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#
X

1
1−ν

Pp1−ν

p∈s

(2)

Pp =

"Z
Ω

#

1
1−ψ

pip 1−ψ

The consumer maximizes utility subject to her budget constraint. The solution to the consumer’s
problem implies that a firm i producing a product p in sector s faces the a demand curve given
by:
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ψ−1

(3)

−1

pip = ηp ψ × cip ψ
where: ηpψ−1 = Ppψ−ν Psν−1 κs I

See Appendix B.1 for the proof.

3.2. Firm’s problem: Setup
There is a mass M of heterogeneous firms that can enter and manufacture multiple products.
A firm i draws a vector of productivity Zi ∼ F (Z) across all products, where Zip denotes the
productivity of firm i in product p. In order to manufacture a product, a firm must incur a
product specific fixed cost fpe >0 in units of labor5. Firms rent capital and hire labor from a
competitive market at rental and wage rates r and w respectively. Given this setup, a firm chooses
which products to manufacture (product mix) and how much to manufacture of each (firm size)
to maximize profits. The production function is given by:6

(4)

α 1−α
Yip = Zip Kip
Lip

Given the above setup, the following sections are organized as follows – in section 3.3, I consider
a benchmark case of the firm’s problem in the absence of any size-based policy and examine how
it changes with the introduction of a size-based policy in section 3.4. Specifically, I discuss the
implications of the size-based policy both when it is not product-specific (section D) and when it is
specific to manufacturing certain products (section ??). Given the lack of an analytical solution in
general equilibrium, I conduct a simulation exercise with two products in section 3.4.1 to highlight
5It

is not necessary that the fixed costs be only in terms of labor. However, this assumption will make the analysis
analytically easier in the evaluation of the specific policy I consider.
6One can easily allow for α to vary across sectors, which I do in the quantitative model to capture the differential
labor intensity across sectors. Furthermore, production function estimation in India by De Loecker et al. (2016)
validates the assumption of this functional form.
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the main insights of the model as well as demonstrate how different types of firms respond to a
policy reform that removes the size based policy. I derive predictions on firm responses that I test
using a the dereservation policy reform in section 5.

3.3. Benchmark case: no size-based policy

Firm production choices. A firm maximizes profits across all products subject to the demand
it faces from the consumer and the fixed cost it has to pay to manufacture a product. The
maximization problem is therefore given by:7

max Πi =

X

Πip =

p
ψ−1

X

(pip Yip − rKip − wLip − wfpe )

p
1

s.t. pip = ηp ψ Y ip − ψ
Proposition 1. The solution to a firm’s maximization problem in the benchmark case is given by:

7In

this specification, I assume profits to be additive and separable across products. Alternatively, one could
introduce a more sophisticated model with production complementarities. In some cases, this would be equivalent
to modeling it as a correlation in productivity (which I already allow for). The primary advantage of this specification
is that it will keep the analysis tractable, in both the theory, estimation and especially in the presence of size-based
policies.
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Proof. See Appendix B.2.



Corollary 1. For a product p, there exists a unique threshold productivity Z̃p∗ = (λp Zp∗ )ψ−1 such
that a firm i will manufacture product p iff:

(6)

Z̃ip ≥ ψwfpe ≡ Z̃p∗

Proof. The proof for existence is straightforward from equation (5) and Πip ≥ 0. For uniqueness,
!ψ−1

"

using the corollary, we can rewrite the profit of a firm Πip =

Zip
Zp∗

#

− 1 × wfpe . This implies

that profits are an increasing, monotonic function in Zip and therefore, if Πip (Zp∗ ) = 0, then for
any Zjp greater (less) than Zp∗ , Πjp (Zjp ) has to be greater (less) than zero as well.
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Product and factor prices. An equilibrium in this model will be defined by a set of product
prices {Pp ∀p} and factor prices {w, r} such that: (i) all equations in (5) are satisfied; (ii) the
goods market clears for all products; (iii) both factor markets clear. Given the cutoff productivity,
product and sector prices can be characterized by equations (2) and (1) respectively. Since Zp∗ ∀p
exists and is unique from Corollary 1, both product and sector prices also exist and are unique.
Lastly, using (5) and the factor market clearing conditions the factor prices {w, r} can be given
by:
L − LE ({Zp∗ , fpe }∀p )
r
α
=
×
w
1−α
K
which also exist and are unique from Corollary 1. See appendix B.3 for the derivation.

3.4. Production decisions with size-based policies
Having characterized the production decisions of a firm in the absence of any size-based policy
(the benchmark case), I now turn to examining how they change in the context of a productspecific, size-based policies (see table A1 for examples). More generally, size-based policies need
not be product-specific (for example, enhanced credit, technical assistance etc). The theoretical
framework can easily be extended to discuss the implications of such policies as well. However,
since the empirical analysis will focus on a size-based, product-specific policy in India, I discuss
the theoretical implications of policies that are not product-specific in appendix D.

Setup. Going forward, I define two aspects of the size-based policy based on its application in the
Indian context. First, “size” is defined based on the total value of capital used by a firm across
all its products. Therefore, a firm is classified as “small” if its size is below a pre-determined
threshold (VK ). Second, I model the policy as a penalty on either labor, capital or sales that is
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applicable only if the firm is large.8 To allow for the imperfect implementation of the policy, I
model a per-unit penalty τ that is levied on the sales of a large firm that manufactures at least one
reserved product. Therefore, as compared to the case where size-based policies are not product
specific, this adds another dimension– that of differentiating between products based on if they
are targeted by the policy (p ∈ Nr ) or not. The maximization problem of the firm (as compared
to the benchmark case) can now be written as:

)

(

max

{Kip ,Lip ,N }

X

(1 − I.τ ) pip Yip − wLip − rKip −

wfpe

p∈N

where: I =





1

if




0

otherwise

P

p∈N

rKip ≥ VK , Nr 6= ∅

3.4.1. An example with two products
Before discussing the general case, it would be useful to discuss the implications of the above in
a simple two-product case to highlight the insights of the model. Consider an environment where
firms can manufacture only two products. Moreover, let product 1 be reserved to be manufactured
only by small firms and product 2 be not reserved. Therefore, large firms will be penalized only
if they manufacture product 1 and not otherwise. Given the aggregate variables {L, K, VK , λp }, a
firm will choose whether to manufacture nothing (Π00 ), manufacture either products 1 or 2 (Π10
and Π01 ) or both (Π11 ) i.e. maxi,j∈{0,1} Πij .
To illustrate the insights of the model in this simple example, I simulate the choices for firms
under this reservation policy9 and discuss the policy implications. Figure 3 plots the optimal firm
choices. Area II indicates the area where the firm has a productivity draw such that it is not
8Size-based

policy as a penalty on large firms is isomorphic to modeling the policy as a subsidy if the firm is small.
I choose this specification to match the provisions of the reservation policy in India.
9I set the parameter values ψ = 4; ν = 3; V
K = 10; τ = 0.1; fp = 0.1; K = L = 1m; M = 40k. The choice of
parameters is arbitrary and the firm decisions do not change under alternate parameter values. The only condition
needed (which is empirically supported) is that the policy is not too constraining i.e. VK is large enough to ensure
that some firms can enter and operate profitably by remaining “small” and without being penalized by the policy.
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constrained by the policy. As the firm gets more productive, in area III, the firm is “inefficiently”
small i.e. it constrains itself to VK , but continues to manufacture both products. In area IV, the
firm is so productive in both products that it will choose to pay the penalty rather than constraining
itself to be small. The new insight of the model is in area I. A firm in this area is highly productive
in the non-reserved product as compared to the reserved product. Therefore, in area I, a firm will
choose to not produce the reserved product even though it is viable for production. The intuition
behind this is straightforward since the policy is binding for a large firm only if it manufactures
the reserved product. Therefore, as a firm gets relatively more productive in manufacturing the
non-reserved product, it would not want to constrain itself by manufacturing the reserved product.
This intuition is formalized in proposition 2 below.
Proposition 2. Conditional on both products being viable, a firm constrained by the policy is more
likely to drop the reserved product as productivity in the non-reserved product increases.
Proof. See appendix appendix B.4.



3.4.2. General case
We can now turn to discussing the general case with more than two products. Given the profit
maximization problem of the firm, there are two possible scenarios based on the productivity draw
of the firm:
Policy does not bind
The productivity draw of the firm has to be such that (i) either the reserved products are
not viable for production or (ii) conditional on having at least one viable reserved product, the
constraint is not binding. In either of these cases, the firm’s optimal choice will be the same as in
the benchmark case given by (5).
Policy constraint binds
If the constraint is binding, the following cases are possible:
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Pay penalty τ . As discussed in the two-product case, this would be true if the firm is very
productive in both the reserved and non-reserved products. Proposition 3 formalizes the profit
earned by the firm as compared to the benchmark case.

Proposition 3. The firm’s profit when it pays the penalty τ will be given by:

(7)

Z̃ip
ψ

ΠPipay = (1 − τy )ψ ×

−wfpe

|{z}

benchmark choice

Proof. See appendix B.5.



Corollary 2. The corresponding productivity threshold for manufacturing a product p will now be
given by :

(8)

Z̃ip ≥

1
×
(1 − τy )ψ

ψwfpe
| {z }

benchmark Z̃p∗

Proposition 3 implies that a firm will simply scale down its inputs (and hence sales and profits)
as a function of the penalty. Alternatively, as shown in equation (8), this implies that a firm has
to be even more productive in the products that it manufactures.

Reduce capital expenditure to the threshold VK . A second option for the firm is to reduce
its expenditure on capital to exactly equal the threshold value VK i.e. even though the firm would
like to be “large”, it chooses to remain “small”. The firm therefore maximizes:
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(
X

max

{Kip ,Lip ,N }

s.t.

)

pip Yip − wLip − rKip −

wfpe

p∈N

X

rKip = VK

p∈N

Proposition 4 formalizes the solution to the above maximization problem.

Proposition 4. Let Φ be the Lagrange multiplier on the constraint. A firm’s optimal choice of
capital and hence sales and profits, when it chooses to remain small can be given by:

C
Kip
=

(9)

1
×
(1 + Φ)1+α(ψ−1)

∗
Kip

|{z}

=benchamark choice

Z̃ip
ψ

C
πip
= Q(Φ) ×

(10)

−wfpe

|{z}

=benchmark profits





where: Q(Φ) = 1 + 1 −

1
1
α(ψ − 1) ×
1+Φ
(1 + Φ)α(ψ−1)




Q(0) = 1 , Q(∞) → 0 and Q0 (Φ) < 0
Proof. See appendix B.6.



Corollary 3. A firm that chooses to remain small will manufacture a product p as long as:

(11)

Z̃ip ≥

1
×
Q(Φ)

ψwfpe
| {z }

benchmark Z̃p∗

Furthermore, equation (9) and the constraint

P

p∈N
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rKip = VK put together imply:

P

p∈N

(12)

Φ∝

(13)

rKip = P

Z̃ip

VK
Z̃ip

p∈N

Z̃ip

VK

Discussion. The Lagrange multiplier Φ is useful in terms of characterizing the extent to which the
constraint is binding on the firm. Note from equation (12) that as a firm gets more productive, the
more binding is the constraint i.e. larger Φ. Furthermore, from equation (13), capital demanded
in product p will be a fraction of VK , with the fraction determined by the productivity in product
p relative to the total productivity across all products. Lastly, from equation (11), the threshold
productivity required to manufacture a product will be: (a) higher than the benchmark case and
(b) will be increasing in the number of products and/or how productive the firm is in the products
that it manufactures.

Corollary 4. Conditional on the product mix, a firm will be more likely to pay the penalty instead
of constraining itself at VK when it is more productive in the products that it manufactures.

Proof. The proof follows in two parts from equations (7), (10) and (12). First, since Q0 (Φ) < 0,
from equation (10), it follows that variable profits are going to be declining as a function of Φ.
Therefore, by comparing the variable profits under the binding constraint in (10) as opposed to
paying the penalty in (7), there will be a threshold Φ∗ such that that if Φ > Φ∗ i.e. the constraint
is excessively binding, the firm will choose to pay the penalty τ and if Φ < Φ∗ , the firm will choose
to not pay the penalty and instead constrain itself to VK . Second, from equation (12), note that
Φ is an increasing function of how productive a firm is in them (Zip , ∀p ∈ N ). Putting these two
together proves corollary 4.
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Manufacture non-reserved products only. A firm can always choose to not manufacture
any reserved products even though they are viable for production. On the other hand, it can
manufacture only the non-reserved products as given in the benchmark case (equations (5) and
(6)). Proposition 2 can be easily generalized in this case as well to show that as a firm gets more
productive in the non-reserved product, it will be more likely to drop the reserved-product from its
mix. Lastly, unlike the benchmark case, an analytical solution for the equilibrium is not possible
because the production decision of a firm in product p is not linked to a product q because of the
policy constraint that applies on the firm size (across all its products).

3.5. Policy reform: Dereservation of products
Given the above discussion, the model can generate predictions on firm behavior when products
are dereserved. In the two product case, dereserving product 1 will have two effects: first, in partial
equilibrium (taking product and factor prices as fixed), constrained firms will expand in size and
scope (shown in panel A of figure 4). However, a second effect will operate through the general
equilibrium adjustments in product and factor prices. Productive large firms will increase input
demand as well as put a downward pressure on product prices. Given the fixed costs, this will
increase the minimum threshold productivity required to make manufacturing of a good viable.
This is shown in panel B of figure 4 where the dotted black lines are the thresholds as shown under
the reservation policy in figure 3 and the solid red lines are the new thresholds after incorporating
the general equilibrium effects.
To illustrate the adjustment channels in figure 4, I classify firms along two dimensions– (a)
whether the firm is constrained by the policy (small vs large) and (b) whether the firm manufactures
the reserved product before or after it gets dereserved (incumbents vs entrants). The model
therefore generates the following predictions on how firm types differentially respond to the policy
reform, which are discussed below.
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Incumbent firms. All incumbents will shrink their product mix with the product mix shrinking
more for smaller incumbents as compared to larger ones. Moreover, large incumbents are more
likely to drop the non-reserved product as compared to the reserved product while the model
makes no specific prediction on the small incumbent.

Entrant firms. The model predicts that large entrants should expand their product mix by
adding the dereserved product and these entrants should not drop non-reserved products. For
small entrants on the other hand, the model cannot make any specific predictions in the twoproduct case.

Firm size. Given adjustment in the product mix, the model also generates predictions on how
firms adjust their size as well. Given that large firms are directly affected by the policy, a natural
implication of the model is that they expand in size once the policy constraint is alleviated. For
small firms however, there are two types: the first type are the low productivity firms (efficiently
small firms) who are unconstrained by the policy and hence are manufacturing optimally. The
model predicts a non-positive expansion in size, primarily driven by price effects operating through
general equilibrium. On the other hand, the second type (inefficiently small firms) are those who
are constrained by the policy and choose to remain small because of the policy. The model predicts
that they should expand in size with the removal of the size-based policy.
Put together, the above predictions illustrate an important insight of the model: size-based policies that target products can generate spillovers on non-targeted products as well. As discussed
earlier, this suggests a caution with which one needs to evaluate such policies using standard evaluation methods (like difference-in-differences) since the “control” group of non-targeted products
is also affected by the policy reform. In section 5, I use the plausibly exogenous variation in the
timing of dereservation to empirically test the predictions of the model as well as to document
spillovers of the policy on non-reserved products.
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4. Data

The empirical analysis uses the Annual Survey of Industries of India (ASI), which is produced
by the Ministry of Statistics and Program Implementation (MOSPI). The ASI is a repeated cross
section, representative of formal establishments and stratified by state at the 4 digit industry level.
The ASI is a census of all large establishments (which are more than 200 or workers until 2003-04
and 100 or more after 2004). Small establishments are surveyed with a probability that depends
on the specific state and industrial block. In recent years, MOSPI has released a ‘panel’ version
of the ASI that allows researchers to track some establishments after 1998. I drop 1998 and 1999
because of lack of coverage of products and without detailed coverage, I am not able to identify
which establishments are affected by the reservation policy. I use both the cross section as well
as the panel data of the ASI from 2000-01 (henceforth 2001) to 2009-10 (henceforth 2010) for the
analysis.
The basic unit of observation in the ASI is an establishment (called a factory). There is very little
information on ownership in the ASI as it allows owners who have more than one establishment
in a state to provide a joint return, but less than 5 percent do so. So the analysis is conducted at
the establishment level.10 The ASI asks establishments to report not only the net value of owned
fixed assets, but also broken down by various categories – including plant and machinery, which is
important for the policy. Furthermore, the ASI also has product-level sales within a firm, which are
useful for both documenting the spillovers of the policy on never-reserved products and estimating
the correlation of productivity across products. Products are classified using the ASI Commodity
Classification (ASICC) codes. I create a concordance between the SSI product codes – which are
products reserved for manufacturing by small and medium enterprises – and the ASICC codes.
They are consistent with the matching done by Martin et al. (2017).
I use the ASI data in three ways: first, in section 5, I use the panel data on establishments and
exploit the differential timing in dereservation of products to test the implication of the theoretical
10The

policy reform could also lead to an agglomeration across factories under one firm. However, since ownership
data is not available, this channel is not considered here.
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model discussed in section 3.5. This analysis extends previous work by Martin et al. (2017) to study
changes in the product mix of firms. Second, given that almost all products have been dereserved
by 2008, I use the 2010 ASI cross section to estimate the parameters from the benchmark model.11
Third, I simulate my estimated model along with the reservation constraints and examine how
well it fits the 2001 cross section of the ASI.
Table 2 provides a summary of firms using the repeated cross section of the ASI from 2000-200612
to document several stylized facts about firms in India as well as specifically about the reservation
policy. First, firms manufacture 1.8 products on average and 42 percent of firms manufacture
multiple products. Multiproduct firms account for a substantial share of real sales (61%), real
output (57%), real capital (61%) and labor (53%) and are larger in size as compared to single
product firms.13 Second, 30% of firms manufacture atleast one product that was ever-reserved
(henceforth, SSI product). Moreover, firms that manufacture at least one SSI product account
for 24% of real sales, 23% of real output, 21% of real capital and 25% of labor in the economy.
Third, with respect to the implementation of the reservation policy, average value of plant and
machinery is 8.05 million rupees for firms who manufacture at least one SSI product (the threshold
is 10 million rupees) as compared to 12.74 million rupees for firms who do not manufacture any
SSI product.

11In

principle, I can use later cross sections of the ASI as well to estimate the model. However, the classification
code changes to the National Product Classification for Manufacturing Sector (NPCMS) in 2011. This change
in product definitions creates an imperfect concordance between the ASICC and NPCMS. Given this trade off, I
choose to estimate the parameters from the 2010 ASI round instead.
12In September 2006, the Micro, Small and Medium Enterprise Act raised the limit on plant and machinery for
small enterprises to 50 million, along with providing various credit incentives and skill training to small businesses.
I therefore restrict the sample from 2000-2006 only.
13These findings are consistent with those of Goldberg et al. (2010), who examine multi-product firms in India using
a panel of firms from the Prowess database between 1989 and 2003.
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5. Impact of the policy reform

In this section, I empirically test the model predictions discussed in section 3.5 by using the
plausibly exogenous variation in the timing of deregulation of products. I begin by discussing the
impact of the dereservation policy in firm size by summarizing previous work by Martin et al.
(2017). I then extend their analysis to examine changes in the product mix as well. In particular,
I test the predictions of the model as well as document spillovers of the dereservation policy on
never-reserved products.

5.1. Impact on firm size: output, labor and capital inputs
Martin et al. (2017) examine the impact of this policy reform on responses in firm size. They
classify an establishment as manufacturing a ever-reserved product (henceforth SSI product) by
using all the products it manufactures and define a variable Derespt , which takes the value 1 if an
establishment’s main SSI product is dereserved and 0 otherwise. They begin by showing through
a difference-in-difference specification that on average, firm size (measured by log real output)
increased by 3.7 percent when the primary SSI product of the firm got dereserved. There is no
statistically significant changes in labor and capital on average. Splitting the sample by small and
large firms, they further show that large firms increased output and labor by over 5 percent while
small firms decreased labor and output by 4 percent and 1.1 percent (not statistically significant)
respectively. Furthermore, they find that small incumbent firms closer to the policy threshold
increased in size, while the very small firms away from the threshold shrank. Their analysis
concludes that larger establishments grew relative to smaller and growth was driven by entrants
moving to the reserved space and by incumbents constrained by the policy. These results are
consistent with the predictions of the theoretical model discussed previously.
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5.2. Impact on the product mix
I extend the analysis done by Martin et al. (2017) to examine how firms adjust their product
mix in response to the policy reform. I use their definition to classify an establishment as making
a SSI product by using all the products it manufactures. Derespt therefore takes the value 1 if an
establishment’s main SSI product is dereserved and 0 otherwise. I use a panel of ASI firms from
2000-2006 to examine the effect of dereservation on the following outcome variables related to the
product mix of a firm: (i) the total number of products; (ii) number of SSI and non-SSI products;
(iii) fraction of SSI products; (iv) total sales and (v) fraction of sales coming from SSI products.
Average effect of dereservation on the product mix
For each of the six outcome variables, I estimate a difference-in-differences specification for a
firm i in year t:

(1)

yit = βDerespt + γτpt + αi + αt + εit

where αi and αt are firm and year fixed effects that control for any time-invariant firm-specific
characteristics and any aggregate time trends in the economy. To control for potential endogeneity
in the timing of dereservation, τpt is a product-year time trend equal to the year of dereservation
minus the current year. Therefore, the variable takes the value -1 one year prior to dereservation,
0 for the year the product was dereserved, +1 in the year following dereservation and so on.14 The
results for (1) are reported in panel A of table 3. I find that dereservation decreased the product
scope of a firm by 0.041 products on average. However, this masks a substantial heterogeneity in
the product mix across SSI and non-SSI products– non-SSI products reduced by 0.13 on average
and a firm added 0.087 SSI products on average. To the extent that these are gains from efficient
14Since

the analysis relies on the plausible exogeneity in the timing of dereservation, one potential concern is that
products were chosen strategically to be dereserved. Similar to Martin et al. (2017), I control for this potential
endogeneity by controlling for a product-level event-time trend (τpt ). This does not substantially affect the results.
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re-organization of resources within a firm, total sales of a firm in column (5) of table 3 increased by
4.2 percent with the share of sales coming from SSI products increasing by 7.6 percentage points
on average.
To interpret the magnitude of the regression coefficients, in table 4, I consider the average value
of the outcome variable in 2000-01 (first year in my sample) in columns (1), (4) and (7). Columns
(2), (5) and (8) are the regression coefficients as reported in table 3. Lastly, columns (3), (6) and
(9) report the ratio of the regression coefficient to the average value. As seen in table 4, an average
firm manufactured 1.73 products in 2000. Dereservation decreased the total number of products
of a firm by 2.4 percent on average, non-SSI products by 9.37 percent and increased the number
of SSI products by 24 percent on average. While the model does not make any predictions on the
average firm, it does make specific predictions on how different types of firms should respond to
the policy reform. I discuss these results in the subsequent sections.
Impact on incumbents and entrants
The model has specific predictions on how incumbents and entrants respond to the policy –
incumbents are more likely to narrow their product scope by dropping SSI products while entrants
should expand their product scope by adding these SSI products (predictions 1a and 2a). To
test this implication, I define a firm-level, time-invariant dummy variable– Incumbenti (Entranti )
that takes the value 1 if a firm manufactured its main SSI product before (after) it got dereserved.
I then interact these variables with the Derespt dummy to examine heterogeneous responses by
incumbents and entrants:

(2)

yit = βI Derespt × Incumbenti + βE Derespt × Entranti + γτit + αi + αt + εit

The model prediction implies βI < 0 for total and SSI products while βE > 0 for total and SSI
products. I report the results for (2) in panel B of table 3 and interpret the magnitude of the
coefficient in table 4. As seen from table 4, incumbents manufactured 1.96 products on average
25

(1 non-SSI and 0.96 SSI products) while entrants manufactured 2.13 products (1.35 non-SSI and
0.78 SSI products) on average. Incumbents decreased their product scope by 0.2 products (10
percent decrease) after their main SSI product is dereserved. Furthermore, all the decrease came
from dropping the SSI products with almost no change in the non-SSI products. Lastly, as shown
in columns (5) of table 3, a re-organization (reduction) in the product mix increased total sales of
incumbents by 4.5 percent suggesting gains from an efficient allocation of resources within the firm.
Entrants on the other hand, increased their product scope by 0.37 products (17 percent increase
on average). Contrary to the incumbents, this came from dropping non-SSI products and adding
SSI products. Sales for entrants from this reorganization also increased by 3.5 percent (though
this is not statistically significant).
Impact on small and large firms
From the theory, while large firms are directly constrained by the policy, small firms may or may
not be affected by the policy depending on how far they are from the size threshold. Specifically,
firms can be efficiently small if they are unconstrained by the policy and inefficiently small if they
are constrained by the policy and choose to remain small. To capture this, I create three firm-level,
time-invariant dummy variables based on the reported value of plant and machinery of the firm:
M icroi (less than 1 million rupees), Smalli (between 1 and 10 million rupees) and Largei (greater
than 10 million rupees).15 I then estimate the following regression:

(3)

yit =

X

βs Derespt × Sizesi + γτit + αi + αt + εit

s

where Sizesi is a dummy variable that takes the value 1 for whether the firm is micro, small or
large and 0 otherwise. The results are reported in panel C of table 3 with the interpretation of the
magnitudes in table 4. As seen in table 4, micro firms manufactured 1.64 products on average (1.25
15This

classification is the same that is used by the Govt. of India. I do robustness checks with respect to other
possible classifications of firm size for example, based on the sales of a firm. All the qualitative results remain
unchanged.
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non-SSI and 0.39 SSI), small firms manufactured 1.81 products (1.46 non-SSI and 0.35 SSI) and
large firms manufactured 2.01 products (1.74 non-SSI and 0.27 SSI products) in 2000-01. The fact
that large firms were less likely to manufacture a reserved product is a straightforward implication
of the policy constraint. As reported in table 4, I find that micro firms decreased their product
scope by almost 44 percent while there is no significant change in the product scope of the small
and large firms, which is consistent with the model predictions. Second, both micro and small
firms exhibited more churning of products by dropping non-SSI products and adding SSI products
while large firms were less likely to drop non-SSI products and more likely to add SSI products.
Impact on small and large, incumbents and entrants
The last set of predictions of the model relate to the differential response depending on firm
size (micro, small, large) as well as if a firm was an incumbent or entrant. To empirically test the
predictions, I examine heterogeneity in regressions (2) and (3) based on both size and incumbent
status. Therefore, I estimate the following specification:

(4)

yit =

X

γs,I Size(s)i × Derespt +

s

+

X

X

γs,E Size(s)i × Derespt

s

βs,I Size(s)i × Incumbenti × Derespt +

s

X

βs,E Size(s)i × Entranti × Derespt

s

+ γτit + αi + αt + εit
and report the results in tables 5 and 6. From table 5, we see that all incumbents shrank their
product mix with micro, small and large firms dropping 0.21, 0.23 and 0.13 products on average
respectively. As reported in table 6, this was a 11.7 percent, 10.7 percent and 5 percent decrease in
the product mix of micro, small and large firms respectively. This is in line with the model predictions as well. The reorganization of resources within the firm increased sales of large incumbents by
5 percent, small incumbents by 12.1 percent and micro incumbents by 1 percent (statistically insignificant). Furthermore, the model makes additional predictions on how this product mix should
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change across SSI and non-SSI products. It suggests that while small incumbents can shrink by
dropping both SSI and non-SSI products, large incumbents should shrink by dropping the non-SSI
products only. In table 5, the decrease in the product mix for incumbents was entirely driven by
dropping SSI products, contrary to what the model predicts for the large firms. Turning to the
entrants, the model predicts while all entrants expand their product mix, large entrants should
expand more than small entrants. This is confirmed in tables 5 and 6, where micro firms added
0.26 products (increase product mix by 12 percent), small firms added 0.44 products (23 percent
increase) and large firms added 0.6 products (28 percent increase). While the model has no specific
prediction on how the expansion in the product mix should be distributed across SSI and non-SSI
products for small firms, it predicts large entrants expanding their product mix by adding SSI
products without dropping the non-SSI products. Indeed we see that large entrants added 0.73
SSI products (over a 100 percent increase) and dropped 0.14 non-SSI products (8 percent decrease,
significant at 0.1 level).
To summarize, the above empirical analysis establishes the following– (i) firms do differentially
respond to the policy reform in the direction that is predicted by the model; (ii) there are substantial spillovers of the policy reform on products that are not targeted by the policy, which are
driven by adjustments in the product mix.

6. Structural estimation and results

In this section, I now turn to estimating the model, which is important for multiple reasons:
first, as discussed before, the spillovers of the policy reform on never-reserved products makes it
difficult to evaluate the impact of the policy in a difference-in-differences specification. Second, the
ASI data is selected on firms that manufacture at least one product and therefore fails to capture
gains from the entry-exit margin. Third, estimation would allow us to quantify the welfare gains

28

from this policy reform along with examining the source of these gains from changes in size and
scope as well as the productivity gains from the policy across the firm distribution.

Definition. For the rest of the paper, I define an industry at the 2-digit ASICC code and a product
at the 5-digit ASICC code. Therefore, I observe 59 industries and 4540 products. Columns (1) and
(2) of table 7 provide a summary of the number of total and reserved (as of 2000) products in each of
the nine 1 digit ASICC industries. Columns (3) and (4) provide the number of firms manufacturing
at least one product in these industries in 2000-01 and 2009-10 (the first and last year of the data).
As can be seen from the table, on average, around 10 percent of the products are reserved in an
industry and there is a substantial variation in the number of total and reserved products across
industries. Lastly, for exposition clarity, I shall denote x to be the natural logarithmic value of a
variable X.
Broadly, the estimation strategy is as follows: in section 6.1, I begin by parameterizing the
productivity distribution and discussing additional structural assumptions. In section 6.2, I then
use the 2010 cross section of the ASI, along with the benchmark theoretical model to identify
and estimate the model parameters. Section 6.3 then discusses the estimation results. Section 6.4
shows the fit of the model and then simulates the estimated model under the reservation policy to
validate the estimates using the 2001 ASI data.

6.1. Model assumptions and calibration

Productivity distribution. Studies that model heterogeneous firms (in the absence of policy
distortions) usually derive an equation similar to (5) where sales of a firm i in product p (Xip )
is a monotonic transformation of the underlying productivity in that product (Zip ). Therefore,
information on the sales distribution can be used to identify parameters of the productivity distribution. Parametric assumptions on the productivity distribution have usually followed Melitz
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(2003) in using a Pareto distribution. However, recent evidence by Head et al. (2014), Fernandes
et al. (2017) has shown that a log-normal productivity distribution fits the data on sales better
than a Pareto distribution. In appendix C, I follow Head et al. (2014) and use a quantile-quantile
(QQ) estimator along with product-level sales of a firm in the 2010 ASI data to examine which
distribution fits the data better. I find that consistent with the recent literature, a log-normal
distribution fits the data better than a Pareto distribution. Therefore, I parameterize the productivity distribution using a log-normal distribution with zero mean and a variance-covariance
structure that I discuss below.

Model Assumptions. With a log-normal distribution of productivity, I make three additional
assumptions that are motivated by data limitations and computational feasibility.

A1: A firm can manufacture products only within a 2-digit industry.
I restrict the draw of the productivity vector (and hence the choice set of potential products)
to products within an industry. Empirically, for firms in the 2010 ASI data, 93.5 percent of
products are manufactured within the same 2-digit industry and account for 92.4 percent
of sales. Even for multi-product firms (35 percent of the sample), around 80 percent of
products and sales are within the same industry. This assumption substantially reduces
the computational burden of the problem, especially while solving for firm decisions under
the reservation policy.
A2: Variance-covariance matrix parameters {σ, ρ} vary across industries but not across products within an industry.
Given the log-normal distribution, one could ideally estimate the variance across all products and the covariance for each product pair separately. However, given the limitations of
the data, I impose the same variance-covariance structure within an industry but allow for
it to differ across industries.
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A3: There are 1.2m potential entrants.
The observed ASI data is conditional on a firm manufacturing at least one product. Since
the potential mass of entrants is unobservable, I set it to 1.2m across industries. This is
kept constant across all counterfactual scenarios as well.

Under assumptions A1-A3, I assume that a firm i in industry s draws a vector of productivity
across products p within the industry from a log-normal distribution given by:

Zi = {Zi1 , . . . , Zip } ∼LogN (0, Σs ) ∀p ∈ s
where: Var(zp ) = σs2
Cov(zp , zq ) = ρs σs2 , ∀{p, q} ∈ s

Calibration. Table 1 describes all the parameters of the model. I now discuss the parameters
calibrated outside the model and those estimated using the data. Elasticity of substitution is set
to ψ = 3 and ν = 2 respectively, which are in line with the 3 digit and 5 digit product classification
in the US as estimated by Broda and Weinstein (2006). The share of demand of sector s (κs ) is
calibrated using the share of total output produced in a sector in the 2010 ASI data. Lastly, the
share of capital expenditure (αs ) in the production function is calibrated using the average share
of labor wage bill of firms within an industry in the ASI. This leaves us with 4 parameters for each
sector {σs , ρs , fpe , τs } that are estimated as discussed below.

6.2. Estimation strategy
I use the benchmark theoretical model and the 2010 ASI cross section data to identify and estimate all parameters of the model (except τs ). This strategy has the advantage that the parameters
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Parameter

Level

(1)

(2)

{ψ, ν}

-

Share of each sector in total demand

κs

sector

Capital share in production function

αs

sector

Productivity distribution
Fixed costs of production
Tax imposed under reservation policy

{σs , ρs }
fpe
τs

Elasticities of substitution

Description
(3)
Median estimates from Broda
and Weinstein (2006)
Share of output produced in a
sector from ASI data.
Average share of labor wage bill
from the ASI data.

sector )
product
Estimated in section 6.2
sector

Table 1. Model parameters

are well identified from the model equations with closed form analytical solutions. The estimation
strategy has the following steps.
Step 1: Fix a value of θs = {σs , ρs }.
Step 2: Calculate Zp∗ : From equation (6), the number of firms (Np ) that manufacture a product
∗
p will be the firms with Zip ≥ Zip
. Using the mass of potential entrants (from assumption

A3) and the log-normal distribution of productivity, we get:

Zp∗

=

FZ−1

Np
1−
M

!

Step 3: Calculate fixed costs: Zp∗ determines the entry condition for firms to manufacture a
product. Given this, all product and factor prices can be calculated and hence the fixed
costs of production (which is got from the zero-profit condition).
Step 4: Likelihood function: We can then calculate the likelihood of observing a vector of sales
for a firm i. However, we only observe log-sales (xip ) if they are above the threshold logsales required to cover fixed costs (x∗p ). Therefore, we empirically observe the truncated
32

distribution:

xip =





xTip

if xTip ≥ x∗p




0

otherwise

where: x∗p = ln(ψwfp )

(threshold sales)

xTip = (ψ − 1) ln λp +(ψ − 1)zip
|

{z

=ap

(from equation 5)

}

Without loss of generality, suppose we observe a firm i manufacturing products {1, . . . , p}
and not manufacturing products {p+1, . . . , P }. Let the vectors xm = {x1 , . . . , xp } =
6 0 and
xn = {xp+1 , . . . , xp } = 0 be the log-sales observed for these products. Using the properties
of a conditional normal distribution:










 xn 
 an  Σ11 Σ12 
,

∼N

xm
am
Σ21 Σ22




xn |xm ∼ N ãn , Σ̃

where: ãn = an + Σ12 Σ−1
22 (xm − am )
Σ̃ = Σ11 − Σ12 Σ−1
22 Σ21
Therefore, for firm i, the likelihood that we observe {xm 6= 0, xn = 0} is the likelihood
that conditional on a draw xm , the firm gets a draw xn < x∗n :
· · · F (x∗n |xm , θ) × f (xm |θ)dxm
li (x1 , . . . xp |θ) =
Manufacture atleast one product
R

R

· · · F (x∗n |xm , θ) × f (xm |θ)dxm
=
1 − F (x∗ |θ)
R

R

We have to normalize the likelihood by the probability that the firm manufactures atleast
one product to appear in our sample.16
16Given

the computation limitations, I restrict the choice set to the four most manufactured products in an industry.
On average, 61.7% of the firms in an industry manufacture at least one of these four products, with the 25th and
75th percentiles being 43.3% and 81.9% respectively.
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Step 5: Finally, we can then calculate the likelihood function across all firms within an industry
and sum across all firms to get ln L((x1 , x2 . . . xM )|θ) =

P

i

ln li (xi |θ) and choose θ =

argmaxθs ln L.

6.3. Estimation results
I present the estimation results in this section. First, I report the estimates for the parameters
of the productivity distribution followed by the estimates for the fixed costs.
Parameters of the productivity distribution
I estimate a {σ, ρ} pair for each of the 59 industries. Figure 5 reports the distribution of these
parameters and are sorted across industries from lowest to highest value. First, I find a substantial
variation in both parameters across industries. The median value of σ is 1.32 and values range
from 0.98 in the 10th percentile to 1.54 in the 90th percentile. On the other hand, the median
value of ρ is 0.14 and it ranges from 0.06 in the 10th percentile to 0.3 in the 90th percentile. Straw
and wickerware, fur skins and horticulture industries have low values of σ while beverages and
tobacco, mineral and gas fuels and cotton fabrics have high dispersion values. Similarly, textile
yarns and fabrics, fur skins and ores have negative correlation across products within the industry,
while inorganic chemicals, fruits and vegetables and dyeing and tanning have high and positive
correlation. To understand this variation across industries better, I aggregate the parameter values
to nine 1-digit ASICC industries and report the 25th, 50th and 75th percentile values in columns (1)
and (2) of table 8. I find that while some industries like agriculture, chemical products and wood,
thermocol and paper have a strong positive median correlation across products, other industries
like ores, minerals and gas exhibit a median negative correlation. Figures A3 in the appendix
reports the complete distribution of ρ across all 59 industries.
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Fixed costs of production
I now discuss fixed costs of production that are estimated at the product level. Since fixed costs
are identified only up to a scale, I normalize all fixed costs relative to the median fixed costs in the
economy. Figure 6 reports the distribution of fixed costs across all products. I find that around
a quarter of the products have fixed costs that less than 20 percent the median fixed costs, while
another quarter of the products have fixed costs that are greater than 4 times the median fixed
costs. The top 5 percent of products have fixed costs greater than 25 times the median fixed costs.
In column (3) of table 8, I aggregate fixed costs to the major nine 1-digit industries and report
the 25th, 50th and 75th percentile of fixed costs within each major industry. Consistent with
basic intuition, I find that heavy industries such as transportation, agricultural manufacturing, ore
minerals and gas have large fixed costs. On the other hand, industries such as wood, thermocol,
paper and textile have relatively lower fixed costs. Figure A4 in the appendix reports the complete
distribution of average fixed costs across all 59 industries.
To validate my estimates of fixed costs, I use the average log supervisor wage bill reported by
a firm in the 2010 ASI data. Since the supervisor wage bill is reported at the firm level and not
at the product level, I assign it to the primary product of the firm. I then average the log wage
bill of supervisors across firms within a product and examine its correlation with my estimated
log fixed costs. I find a strong and positive correlation between the two as reported in figure A6
in the appendix.

6.4. Fit and validation of the model

Model fit. Using the parameter estimates, I examine the fit of the model using seven (targeted
and untargeted) moments, both at the firm and product level: at the firm level, I examine the
average number of products, the number of multi-product firms and the fraction of sales from the
primary product of the firm. At the product level, I examine the number of firms, the average
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log-sales in a product, the 75-25 and 90-10 range of log-sales. As shown in table 9, the model fits
these aggregate moments very well. Furthermore, figure 7 shows that the model not only fits the
moments on average, but also fits these moments across each of the nine 1-digit industries as well.

Model validation. Using the parameter estimates and the structure of the model, I examine the
model fit using the reservation policy and moments in the 2001 ASI data. The only parameter
that is not known is the penalty term τs . I estimate using τs the fraction of single-product large
firms in a reserved product. Across industries that have atleast one reserved product, I obtain an
average penalty of 60 percent. This indicates the imperfect implementation of the policy across
products. Column (4) of table 8 reports the 25th, median and 75th estimates across the nine
1-digit industries while figure A5 in the appendix reports the values across all 59 industries.
Keeping everything else the same, I then simulate the model under the reservation policy constraints and examine the fit of the model17. In particular, I examine how well the model matches:
(a) the number of products produced by a firm; (b) fraction of large firms; (b) fraction of firms
that are multi-product; (c) fraction of firms that manufacture alteast one reserved product; (d)
fraction of sales that come from the primary product and (e) fraction of sales that come from the
reserved product. Moreover, since the reservation policy has different implications for for small and
large firms, I examine all the six moments across small and large firms separately. The comparison
across all these 18 moments is reported in table 10. I find that the model matches these moments
reasonably well, even though it under performs in the number of reserved products manufactured
by firms (and consequently on the sales coming from the reserved products).

7. Welfare

17As

a robustness check, I simulate the model using a average penalty of 60 percent instead of the industry-specific
estimate. This does not significantly affect the results indicating that they are not driven by these estimates, but
by the model structure.
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7.1. Measuring welfare
In this section, I turn to using the structure of the model to quantify welfare gains and examine
the sources of these welfare gains. To begin, I measure welfare as consumption equivalence, which
is the change in consumption that would make the consumer indifferent between two regimes. From
consumer demand, note that utility in industry s is the consumption bundle in that industry, which
is given by share of real income spent by the consumer in that industry i.e. Us = Cs = κs I/Ps .
Between two regimes, reservation (Old) and no reservations (New), the welfare gain in sector s
can be defined as:

γs =

UsN ew
(I/Ps )N ew
=
UsOld
(I/Ps )Old

Furthermore, aggregate welfare gain (γ) is just a weighted average of the welfare gains across all
industries so that:

U=

Y

Csκs

s

⇒γ=

UsN ew Y κs
=
γs
UsOld
s

7.2. Welfare results
I examine the sources of these welfare gains along two policy-relevant dimensions: first, I consider
a “short run” adjustment where firms that have already paid the fixed costs of production can only
adjust how much they produce (firm size) in response to the policy reform. This is equivalent to
fixing the product mix of a firm and allowing firms to adjust their size. I then compare this to the
“long run” adjustment where firms can fully adjust along all dimensions. The results are reported
in table 11. Note that there are two forces are at play when factor prices change in equilibrium–
on the one hand, a direct income effect that increases consumer income and on the other, a price
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effect that operates through increasing marginal costs of production (and hence product prices).
I find that in the fully flexible case (column (3)), prices fall by 1.82 percent on average across
industries, which results in an increase of 3.84 percent welfare across industries and a 4.66 percent
increase in aggregate welfare. Moreover, around 60 percent of the welfare gains come through
adjustments in the firm size alone while the rest come through adjustment in the product mix.
The above analysis suggests that around 40 percent of the welfare gains come from adjustments
in the product mix of a firm, which indicates that it is an important channel through which firms
respond to this policy reform.

7.3. Efficiency gains and distributional effects
How does the policy change the efficiency gains across the firm distribution? Since firms are
multi-product and productivity is a vector across products, examining the distributional gains
is not straightforward. However, to make progress, I classify each firm i (by its total profit) to
a decile d for a regime t where t can be either with reservation (Before) or without reservation
(After). I can then examine how the average productivity for each decile d changes before and
A
B
after dereservation i.e. I calculate 4EZdT otal = E(Zi∈dA
) − E(Zi∈d,B
). Column (1) in table 12

and figure 8 report the values for each decile. For a meaningful comparison, I normalize the gains
for the median decile to be 1. As can be seen, the total productivity gains are small and mostly
negative on average across the entire distribution. However, the total gains are a combination of
two effects namely, the sorting of productive firms across deciles before and after the policy as well
as the actual productivity gains that arise purely from the policy (and conditional on sorting). To
put this another way, one could define:
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A
A
4EZdS = E(Zi∈d,A
) − E(Zi∈d,B
)

(1)

C|S

4EZd

A
B
= E(Zi∈d,B
) − E(Zi∈d,B
)
C|S

∴ 4EZdT otal = 4EZdS + 4EZd

Figure 8 and columns (2) and (3) in table 12 report both these productivity gains for each decile
d. After the policy reform, we see that the gains from sorting are negative for the lower deciles and
positive for the higher deciles. This is intuitive because once the products are dereserved, the more
productive firms sort into the higher deciles while the relatively less productive firms sort into the
lower deciles. However, conditional on sorting, the efficiency gains are positive for the lower decile
and negative for the higher deciles. This is because the firms in the lower deciles (also the smaller
firms) either exit the market or narrow their product scope to manufacture products that they are
most efficient in. On the other hand, firms in the higher deciles (larger firms) exhibit a negative
efficieny gain on average because these are the firms who actually expand their product scope to
manufacture products that they are relative less productive in.

8. Conclusion

To conclude, misallocation of resources within the economy can have potentially large effects on
aggregate productivity and welfare. Government policies are crucial in influencing the allocation of
resources within the economy. Moreover, resources can be misallocated not only across firms, but
also within a firm through the choice of the product mix. Micro, small and medium enterprises
account for a substantial fraction of manufacturing employment in most countries and so sizebased industrial policies are a common tool through which governments support MSMEs. This
paper examines the role of these size-based policies in distorting a firm’s production decision and
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its aggregate implications on productivity and welfare. A general equilibrium model of multiproduct firms, which incorporates a firm’s decision to choose its size as well as scope is a helpful
framework to understand how these industrial policies can affect production decisions. An insight
of the theory is to show that when size-based policies also target specific products, they can lead
more productive, larger firms to skew their product mix away from the targeted products, thus
generating spillovers on products that are never targeted by the policy. Therefore, it highlights
the limitation of using standard approaches (like difference-in-differences) to evaluate such policies.
The model also discusses how these policies can have differential effects on different types of firms
(small and large, incumbent and entrants). I then examine the insights of the model using a large,
domestic, size-based, product-specific policy reform in India that dereserved hundreds of products
that were reserved to be manufactured by small firms. In particular, I find that dereservation does
affect the production of products that were never reserved under the policy as well.
A quantitative estimation of the model finds that the policy reform increases welfare by 4.66
percent. This is substantial given that the manufacturing sector in India accounts for only 12
percent of employment and around 15-20 percent of GDP. Furthermore, a decomposition of the
welfare gains finds that around 60 percent of the welfare gains come from reallocation of resources
across firms (i.e. adjustment in the firm size) while a substantial rest of the welfare gains come from
reallocation of resources within the firm (across its products). Put together, the findings of the
paper indicate that size-based policies can have a substantial impact on aggregate productivity
and welfare and more over, a large fraction of the welfare changes can be realised through the
choice of the product mix of a firm. It also highlights the importance of considering spillovers that
can arise through trade-offs in the production decisions of firms across its products.
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Figures

Figure 1. Dereservation of products over time

(a) Reservation policy between 1970-2015

(b) Dereservation of products between 2000-2010
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Figure 2. Firm distribution in reserved and unreserved products

Notes: The figure plots the distribution of firms around the policy threshold using data from the Annual
Survey of Industries and the 56th round of the National Sample Survey of Unorganized Manufacturing
in 2000. The size threshold of the policy is normalized to zero and percentage deviations from the
threshold are reported on the horizontal axis. The left panel plots the distribution of firms that
manufacture atleast one reserved product, while the panel on the right plots the distribution of firms
that do not manufacture any reserved product. Robust and bias-corrected p-values are reported for the
discontinuity using Calonico et al. (2014).
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Figure 3. Product choices under size-based policies

Notes: Parameter values are set to ψ = 4; ν = 3; VK = 10; τ = 0.1; fp = 0.1; K = L = 1m; M = 40k.
{x,y} reports which product {1}, {2} or both {1,2} is manufactured by a firm. {Pay, Con, Unc}
indicates whether a firm pays the penalty, constrains it size to VK or is unconstrained by the policy
respectively. The figure shows the product mix when product 1 is reserved. Area I is where a firm
manufactures product 2 even though 1 is viable; II is where the firm is unconstrained; III is where the
firm chooses to remain small; IV is where the firm pays the penalty. The solid red line indicates the
threshold above which the product is viable; solid black line indicates where the firm is constrained by
the policy while the dotted black lines indicate where the firm pays the penalty to manufacture.
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Figure 4. Product decisions after the policy reform

(A) Firm decisions in partial equilibrium

(B) Firm decisions in general equilibrium

Notes: Parameter values are set to ψ = 4; ν = 3; VK = 10; τ = 0.1; fp = 0.1; K = L = 1m; M = 40k. In
both plots, the solid red line indicates the threshold above which the product is viable to be
manufactured. In plot (A), Add {1} indicates the area where only product 1 is added to the product
mix. In plot (B), the dotted line is the same thresholds as shown in plot B of figure 3 and the solid red
lines indicate the new thresholds after incorporating general equilibrium effects. The text indicates
which product is added or dropped.
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Figure 5. Distribution of variance-covariance estimates across industries

Notes: This figures shows the distribution of {σ, ρ} estimates across all 59 industries and are sorted from
the smallest to the largest. The 10th, 50th, 90th percentiles along with the mean and standard
deviations of the distribution are reported.
Low σ industries: Straw and wickerware, fur skins, wood pulp and fibrous material, horticulture.
High σ industries: Beverages, tobacco and pan masala, mineral and gas fuels, cotton fabrics.
ρ < 0 industries: Textile yarns and fabrics, fur skins, ores (slag and ash).
ρ > 0 industries: Inorganic chemcial compunds, fruits, vegetables and edible food products, dyeing.
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Figure 6. Distribution of fixed costs of production

Notes: This figures shows the distribution of fixed costs across all 59 industries. Fixed costs are
normalized relative to the median fixed costs (reported by the vertical red line). Fixed costs values have
been windsorized at the 95th percentile in the plot.
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Figure 7. Model fit across nine 1-digit industries

Notes: The figure shows the fit of the model with five moments across nine 1-digit industries, which are
shown on the horizontal axis (see codes below). Plot (a) shows the average number of products
manufactured by a firm in the industry; (b) shows the fraction of multi-product firms; (c) shows the
average fraction of sales that come from the primary product of a firm in that industry; (d) shows the
standard deviation of log-sales; (e) shows the 90-10th and 75-25th percentile range of log-sales.
Industry codes: 1– Agriculture; 2– Ores, minerals and gas; 3– Chemical products; 4– Rubber, plastic and
leather; 5– Wood, thermocol and paper; 6– Textiles; 7– Metals and machinery; 8– Transport; 9– Other
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Figure 8. Efficiency gains from the policy

Notes: The figure shows the efficiency gains from dereservation across firms. The total efficiency gains
for the median decile have been normalized to 1. Total efficiency gains in decile d is the change in
average productivity across firms in decile d. Sorting defines efficiency gains that are realised by firms
sorting across decile between the two regimes whereas change|sorting captures the efficiency gains
conditional on holding the decile of the firm fixed.
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Tables
Table 2. Summary Statistics
All

N (millions)
Real sales (’000)
Real Y (’000)
Real K (’000)
Plant & Mach.
(millions)
L

843.33

Product scope
Single
Multi Fract.

No

Ever reserved
Yes
Fract.

(1)

(2)

(3)

(4)

(5)

(6)

492.65

350.67

0.42

588.77

254.56

0.30

804.5
532.7
1188.2
(2275.7) (1675.5) (2876.4)
348.6
262.7
461.6
(886.9) (718.6) (1057.8)
276.5
184.5
407.3
(928.7) (691.8) (1174.4)
11.29
9.22
14.47
(25.93) (22.86) (29.75)
69.49
56.11
88.35
(126.2) (103.8) (150.2)

0.61
0.57
0.61

0.53

882.3
625.4
(2373.9) (2020.0)
386.6
263.5
(946.4) (728.6)
313.6
190.2
(990.7) (758.5)
12.74
8.05
(27.50) (21.63)
74.51
57.96
(131.7) (111.7)

Total products

1.83
(1.33)

1
(.)

3.00
(1.38)

1.65
(1.13)

2.25
(1.62)

Multiproduct

0.42
(0.49)
0.30
(0.46)

0
(.)
0.24
(0.42)

1
(.)
0.39
(0.49)

0.36
(0.48)

0.54
(0.50)

Frac. Ever reserved

0.24
0.23
0.21

0.25

Notes: Cross-sections of the ASI data from 2000-2006 are used. Sales and output are deflated by the
WPI while fixed capital (K) is deflated by the WPI for machinery. Means are reported in rows and
their standard deviations in parentheses below. ASI sampling weights have been used.
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Table 3. Firm responses to dereservation I
Product mix

Sales

Total

Non SSI

SSI

Frac. SSI

Log(sales)

Frac. SSI

(1)

(2)

(3)

(4)

(5)

(6)

Panel A: Average effect of dereservation
Derespt
R2

-0.0415*
(0.0219)
0.803

-0.128*** 0.0868*** 0.0569*** 0.0421*** 0.0757***
(0.0210)
(0.0138) (0.00853) (0.0161) (0.00930)
0.798

0.771

0.779

0.936

0.782

-0.126***
(0.00820)
0.543***
(0.0126)

0.0448**
(0.0177)
0.0348
(0.0301)

-0.103***
(0.00911)
0.551***
(0.0142)

0.796

0.936

0.795

Panel B: Effect on Incumbents vs Entrants
Incumbenti x Derespt
Entranti x Derespt
R2

-0.195***
(0.0241)
0.367***
(0.0401)
0.804

0.0162
-0.211***
(0.0229)
(0.0132)
-0.513*** 0.880***
(0.0389)
(0.0178)
0.799

0.789

Panel C: Effect by firm size in plant and machinery
Microi x Derespt -0.0722*** -0.185***
(0.0279)
(0.0269)
Smalli x Derespt
-0.0737
-0.132***
(0.0481)
(0.0448)
Largei x Derespt
0.0545
0.000529
(0.0390)
(0.0364)
R2
N
Establishments
Firm FE
Year FE

0.113***
(0.0189)
0.0579**
(0.0256)
0.0540**
(0.0217)

0.0872*** 0.00646
0.109***
(0.0123)
(0.0219)
(0.0131)
0.0252
0.109*** 0.0449***
(0.0158)
(0.0304)
(0.0169)
0.0163
0.0647*** 0.0269**
(0.0114)
(0.0237)
(0.0125)

0.803

0.798

0.772

0.779

0.936

0.782

157043
48322

157043
48322

157043
48322

157043
48322

157043
48322

157043
48322

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Notes: Firm level panel data of the ASI from 2000-2006 is used along with the sampling weights. SSI products
are defined as products that were ever-reserved. Non-SSI are products that were never reserved. Total sales is
deflated by the WPI. See paper for construction of the independent variables. Standard errors are clustered
at the firm level. *** is p<0.01, ** is p<0.05 and * is p<0.1.
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Table 4. Changes in the product mix I
Total products
Avg.
β
4%
(1)

(2)

Non-SSI products
Avg.
β
4%

(3)

Average 1.73 -0.042 -2.4%
Incumbent 1.95 -0.195 -9.98%
Entrant 2.13 0.367 17.21%

(4)
*

(5)

(6)

1.37 -0.128 -9.37%

***
1
0.016 1.62%
*** 1.35 -0.513 -38%

SSI products
Avg.
β
4%
(7)
*** 0.36

(8)
0.087

(9)
23.89%

***

0.96 -0.211 -22.07% ***
*** 0.78 0.88 112.52% ***

Micro 1.64 -0.722 -43.97% *** 1.25 -0.185 -14.78% *** 0.39
Small 1.81 -0.074 -4.07%
1.46 -0.132 -9.04% *** 0.35
Large 2.01 0.055 2.71%
1.74 0.001 0.03%
0.27

0.113
0.058
0.054

28.97%
16.6%
20.35%

***
**
**

Notes: Firm level panel data of the 2000-01 ASI along with the sampling weights is used to calculate the average of the
outcome variable in columns (1), (4) and (7). SSI products are defined as products that were ever-reserved. Non-SSI
are products that were never reserved. The β coefficient is from the regression in table 3. *** is p<0.01, ** is p<0.05
and * is p<0.1.
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Table 5. Firm responses to dereservation II
Product mix
Total

Non SSI

SSI

Frac. SSI

Log(sales)

Frac. SSI

(1)

(2)

(3)

(4)

(5)

(6)

Microi x Incumbenti x Derespt -0.211***
(0.0313)
Smalli x Incumbenti x Derespt -0.231***
(0.0521)
Largei x Incumbenti x Derespt -0.130***
(0.0432)
Microi x Entranti x Derespt
Smalli x Entranti x Derespt
Largei x Entranti x Derespt
R2
N
Establishments
Firm FE
Year FE

Sales

0.0250
(0.0292)
-0.0452
(0.0496)
0.0481
(0.0407)

-0.236*** -0.145***
(0.0176)
(0.0115)
-0.186*** -0.109***
(0.0244)
(0.0157)
-0.178*** -0.0961***
(0.0216)
(0.0113)

0.0107
(0.0246)
0.121***
(0.0322)
0.0500*
(0.0279)

-0.121***
(0.0125)
-0.0852***
(0.0171)
-0.0780***
(0.0126)

0.258***
(0.0509)
0.439***
(0.102)
0.600***
(0.0750)

-0.684***
(0.0482)
-0.412***
(0.0975)
-0.139*
(0.0752)

0.941***
(0.0231)
0.851***
(0.0365)
0.738***
(0.0317)

0.640***
(0.0169)
0.462***
(0.0256)
0.347***
(0.0191)

-0.00365
(0.0419)
0.0698
(0.0717)
0.109***
(0.0396)

0.656***
(0.0187)
0.468***
(0.0287)
0.336***
(0.0227)

0.805
157043
48322

0.799
157043
48322

0.790
157043
48322

0.797
157043
48322

0.936
157043
48322

0.795
157043
48322

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Notes: Firm level panel data of the ASI from 2000-2006 is used along with the sampling weights. SSI products are defined
as products that were ever-reserved. Non-SSI are products that were never reserved. Total sales is deflated by the WPI.
See paper for construction of the independent variables. Standard errors are clustered at the firm level. *** is p<0.01,
** is p<0.05 and * is p<0.1.
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Table 6. Changes in the product mix II
Total products
Avg.
β
4%
(1)

(2)

(3)

Non-SSI products
Avg.
β
4%
(4)

(5)

(6)

(7)

Micro x Inc. 1.8 -0.211 -11.74% *** 0.82 0.025 3.05%
Small x Inc. 2.15 -0.231 -10.72% *** 1.2 -0.045 -3.77%
Large x Inc. 2.43 -0.130 -5.34% *** 1.57 0.048 3.05%
Micro x Ent. 2.17
Small x Ent. 1.93
Large x Ent. 2.13

0.258
0.439
0.600

11.91%
22.72%
28.15%

SSI products
Avg.
β
4%
(8)

(9)

0.98 -0.236 -24.17%
0.96 -0.186 -19.43%
0.86 -0.178 -20.73%

*** 1.33 -0.684 -51.5% *** 0.84
*** 1.25 -0.412 -32.9% *** 0.68
*** 1.59 -0.139 -8.72% *
0.54

0.941
0.851
0.738

***
***
***

112.4% ***
125.14% ***
137.32% ***

Notes: Firm level panel data of the 2000-01 ASI along with the sampling weights is used to calculate the average of the
outcome variable in columns (1), (4) and (7). SSI products are defined as products that were ever-reserved. Non-SSI
are products that were never reserved. The β coefficient is from the regression in table 5. *** is p<0.01, ** is p<0.05
and * is p<0.1.

Table 7. Reserved products and number of firms across major industries
ASICC Industry

1
2
3
4
5
6
7
8
9

Products
Total Reserved

Firms
2001
2010

(1)

(2)

(3)

(4)

Agriculture
Ores, minerals & gas
Chemical products
Rubber, plastic & leather
Wood, thermocol & paper
Textiles
Metals & machinery
Transport
Other

494
236
913
414
242
382
1435
120
304

15
8
97
82
35
35
137
7
57

44525
10244
19154
12504
11058
15632
50613
3275
5457

53694
15435
22866
14781
12963
18921
53991
3627
6123

Total

4540

473

172462 202401

Notes: Firm level cross section of the ASI data from 2000-01 and 2009-10 are used.
Column (1) reports the total number of products while (2) reports the total number
of reserved products in 2000. Columns (3) and (4) report the total number of
firms manufacturing atleast one product in the industry by using the ASI sampling
weights.
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Table 8. Estimates by industries
Industry

σ

ρ

Fixed costs

τ

(1)

(2)

(3)

(4)

Agriculture

1.49
0.14
[1.42, 1.53] [-0.03, 0.33]

1.22
[0.29, 4.21]

0.35
[0, 0.68]

Ores, minerals & gas

1.31
-0.01
[1.25, 1.59] [-0.04, 0.08]

1.03
[0.21, 6.04]

0.34
[0, 1]

Chemical products

1.3
[1.2, 1.39]

0.18
[0.08, 0.23]

0.97
[0.19, 3.89]

0.24
[0, 0.47]

Rubber, plastic & leather

1.26
[0.98, 1.38]

0.03
[-0.1, 0.08]

1.09
[0.22, 3.79]

0.55
[0.33, 0.69]

Wood, thermocol & paper

1.28
0.08
[0.77, 1.29] [-0.13, 0.14]

0.82
[0.17, 3.58]

0.57
[0, 0.66]

Textiles

1.37
0.04
[1.34, 1.42] [-0.03, 0.05]

0.96
[0.24, 3.31]

0.33
[0, 0.64]

Metals & machinery

1.45
0.01
[1.38, 1.52] [-0.01, 0.12]

1
[0.21, 3.42]

0.72
[0.59, 0.8]

Transport

1.46
0.06
[0.94, 1.78] [-0.02, 0.28]

1.31
[0.31, 8.13]

0.5
[0, 0.54]

Other

1.19
0.01
[1.01, 1.39] [-0.01, 0.07]

0.81
[0.17, 3.96]

0.54
[0.52, 0.7]

Notes: Parameter estimates are aggregated to 9 major 1-digit ASICC industries. The median
values are reported with the 25th and 75th percentiles in parentheses below.
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Table 9. Fit of the model
Level

Number of products
Number of multiproduct firms
Fraction of sales from primary product
Number of firms
Mean log-sales
75-25 range of log-sales
90-10 range of log-sales

Firm
Firm
Firm

Data

Model

(1)

(2)

1.371
0.227
0.807

1.399
0.202
0.802

Product 40.755 40.714
Product 6.334 6.334
Product 0.172 0.165
Product 0.282 0.277

Notes: Average values of the variable are reported. Firm implies averages
across all firms whereas Product averages across all products. Moments from
the 2009-10 ASI are reported in column (1) whereas moments from the model
are reported in column (2).
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Table 10. Fit of the model constrained world
Firm type Data Model
(1)

(2)

No. of products
Frac. Large firms
Frac. Multiproduct
Frac. Alteast one reserved product
Frac. Sales from primary product
Frac. Sales from res. prod.

All
All
All
All
All
All

1.740
0.157
0.406
0.316
0.795
0.263

1.828
0.110
0.381
0.118
0.731
0.074

No. of products
Frac. Large firms
Frac. Multiproduct
Frac. Alteast one reserved product
Frac. Sales from primary product
Frac. Sales from res. prod.

Small
Small
Small
Small
Small
Small

1.673
0
0.381
0.332
0.796
0.292

1.827
0
0.381
0.119
0.730
0.075

No. of products
Frac. Large firms
Frac. Multiproduct
Frac. Alteast one reserved product
Frac. Sales from primary product
Frac. Sales from res. prod.

Large
Large
Large
Large
Large
Large

1.980
1
0.492
0.225
0.783
0.133

1.833
1
0.376
0.108
0.735
0.070

Notes: Average values of the variable are reported. All averages across
all firms whereas Small and Large average across small and large firms
respectively. Moments from the 2000-01 ASI data are reported in column
(1) while column (2) reports the moments from the model.
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Table 11. Welfare gains from the policy
Short run
Long run
SR/LR
(Fixed product mix) (Fully flexible)
(1)

(2)

(3)

4Ps

-2.55
(1.28)

-1.82
(4.45)

1.4

γs

2.21
(1.36)

3.84
(2.05)

0.58

γ

2.77

4.66

0.59

Notes: All values are reported in percentage values in columns
(1) and (2). 4Ps is the change in price index in an industry
s. The average value is reported with standard deviation in
brackets below. γs is the welfare gain in sector s as defined
by consumption equivalence. The average value across all industries is reported with the standard deviation in brackets
below. γ is the aggregate welfare gain. Short run in column
(1) refers to the counterfactual where the product mix of a
firm is held fixed and firms can only adjust along size. Long
run in column (2) allows firms to fully adjust along all margins (size and scope). Column (3) examines what fraction of
the long run gains are accrued in the short run adjustments
of firm size alone.

Table 12. Efficiency gains from the policy across the firm distribution
Decile Total gains Sorting Change|Sorting

1
2
3
4
5
6
7
8
9
10

(1)

(2)

(3)

1.77
-31.61
-17.24
-15.86
1.00
-33.78
-24.84
-23.85
-68.36
0.31

-60.04
-93.35
-34.00
-34.96
16.64
15.82
54.59
130.90
47.46
96.82

57.39
9.34
-3.50
-12.59
0.83
-75.07
-112.36
-162.60
-130.57
-93.35

Notes: All values are reported relative the total gains
in the median decile, which are normalized to 1. Total
gains reports the change in the average productivity
of firms in a decile d. Sorting and Change|Sorting in
columns (2) and (3) report the efficiency gains arising
by sorting of firms across deciles and gains conditional
on this sorting respectively.
60
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Appendix A. Appendix figures and tables
Table A1. Some examples of size-based policies that target products/industries
Country
Mexico

Thailand

Policy
(i) Modernization and
Integration Program (Mi)
(ii) Gazelle Enterprises
National Program
(iii) Instituto Morelense para el
Financiemiento del Sector
Productivo (IMOFI)
(iv) Programa de Soluciones
Financieras (SOFEQ)

Description
Modernization of MSMEs in tradtional sectors through
technological upgrades.
Boost growth of promising MSMEs in niche markets.
Enhanced lending for MSMEs in tourism and traditional
crafts in the Morelos region.
Incentivizing MSMEs in specific manufacturing sectors in
Queretaro region.

(i)

Thai Competition Act 2016 Proposal to strengthen anti-competition law for MSMEs
in retail.
(ii) Tax incentives for MSMEs MSMEs in the Eastern Economic Corridor of Innovation
(2017)
(EECi) and Digitial Park (EECd) given promotions and
tax incentives if they undertake any of the 100 activities
listed
One Village One Product
Programme
(ii) Women Entrepreneurship
Programme

Incentives given to MSMEs to manufacture specific
products in local areas
Incentives (education, training, mentoring) given to
women entrepreneurs of small businesses in handicrafts in
Papua.

Finland

(i)

VAT exemption for SMEs

MSMEs are exempted from paying product-specific VAT.

Brazil

(i)

Industrial Competitiveness
Program (PCI)

Identified sectors like agro-business, leather and footwear,
paper etc. to be prioritized by SEBRAE.

Indonesia

Japan

India

(i)

(i)

Support for development
and adoption of basic
technology
(ii) SME New Business
Activity Promotion Act
and Agriculture and
Business Collaboration
Promotion Act

Financial support to MSMEs developing or adopting 22
basic technologies (like molds, forging, casting, plating,
power transfer, welding etc.).
Support provided for initiatives by MSMEs in developing
new products and services and cultivating markets.

(i) Reservation of products
(ii) Public procurement policy

Reserved over 800 products for MSME manufacturing.
Reserved
over 350 products for MSME procurement.
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Table A2. Examples of reserved products
Industry
1. Food and allied industries

Reserved products (some examples)
Ice cream, pickles and chutneys, rice and dal milling,
bread, biscuits, poultry feed, cotton and woolen cloth,
vests, undergarments, socks, scarves, caps, shawls.

2. Ores, Minerals and
Lubricants
3. Chemicals

Lime used for construction, flooring and roofing tiles,
fire clay bricks, sulfur powder.
Calcium, Silver and Potassium Nitrates, Sulfuric acid,
Barium, Calcium, Potassium and Zinc Chlorides,
specific reactive agents, natural essential oils for
distillation.
Table calendar stands, dust pans, buckets, pencil
boxes, cups, saucers, water jugs, soap cases.

4. Plastic products
5. Leather products

Semi-finished chrome tanned hides, sandals, chappals,
purses, watch straps, industrial gloves.

6. Wooden and paper
products

Tent poles, plugs, fixtures, cupboards, shelves, racks,
paper bags, cartons, rolls, albums, paper cups, file
covers.
Woolen knitted wears: shawls, undergarments and
mufflers; cotton socks, undergarments and vests;
Synthetic wear: outerwear, shirts, socks, scarves and
caps.

7. Textiles

8. Base metals and machinery Lantern posts, tin and wire cutters, steel tables,
railway and hospital trolleys, spanners, chisels, barbed
wires, nail cutters, forks, knives, protective equipment,
equipment for blacksmiths and carpenters.
9. Transport

Bicycles: lamps, frame collars, hub axles, carrier,
spokes, pedals etc; hand-drawn carts, wheelchairs.
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Figure A1. Violations of the reservation policy

Source: Case violations reported by the Ministry of Micro, Small and Medium Enterprises.
http://www.dcmsme.gov.in/caseViolation.htm
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Figure A2. Dereservation Notification (an example)
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Figure A3. Distribution of ρ across industries

Figure A4. Distribution of fixed costs across industries

66

Figure A5. Distribution of τs across industries
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Figure A6. Correlation in estimated fixed costs and average supervisor wage bill

Notes: I regress the average log wage of supervisors in a product using the 2010 ASI data on the
estimated log fixed costs from the model. b reports the coefficient.
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Appendix B. Mathematical proofs

B.1. Consumer’s problem
The representative consumer’s problem can be broken down in three steps to solve for the
demand. The Cobb-Douglas utility across sectors will simply imply that the share of expenditure
allocated to sector s will be κs I, where I is the income of the consumer. Along with CES utility,
this will imply that the share of expenditure on a product p within a sector s will be given by:

Pp C p =

Pp
Ps

!1−ν

κs I

where Ps is the aggregate price index for sector s and defined as in (1). Lastly, expenditure of the
consumer on a product p manufactured by firm i will be given by:

pip
Pp

pip cip =

⇒ pip = cip

−1
ψ

!1−ψ

Pp C p
#1

"

ψ

Ppψ−ν Psν−1 κs I

("

#

1
ψ−1

Ppψ−ν Psν−1 κs I

pip cip =
|
"

{z

# ψ−1
ψ

= η p cp
where:
#

"

ηp =

Ppψ−ν Psν−1 κs I
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1
ψ−1

ψ

cip
}

=ηp

) ψ−1

ψ−1
ψ

B.2. Producer’s Problem
In the absence of any size-based policy restriction, the variable profits of a firm in product p will
be given by:

max πip = pip Yip − rKip − wLip
s.t. pip Yip = (ηp Y ip )

ψ−1
ψ

| {z }
=Xip

Taking the first order condition with respect to Lip and Kip :
ψ−1
ψ−1
α × (ηp Yip ) ψ
ψ
ψ−1
ψ−1
(1 − α) × (ηp Yip ) ψ
wLip =
ψ

rKip =

Define:

λ≡

ψ−1
ψ

!

α
r

!α

1−α
w

!1−α

λp ≡ ληp
Now, solving for Yip , note that:

ψ−1
ψ

Yip =

!

|

α
r

!α

{z

=λ

⇒ Yip = (λZip )ψ ηp ψ−1
ηp Yip = (λp Zip )ψ
(ηp Yip )

ψ−1
ψ

= (λp Zip )ψ−1
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1−α
w

!1−α

×Zip (ηp Yip )
}

ψ−1
ψ

Substituting this in the first order conditions above, we can derive the following:

L∗ip

(ψ − 1) (1 − α)
=
× λp Zip
ψ
w

∗
Kip

(ψ − 1) α
=
× λp Zip
ψ
r

p∗ip =

!ψ−1

!ψ−1

(λp Zip )ψ−1
1
=
ψ
ψ−1
(λZip ) ηp
λZip

∗
Xip
= (λp Zip )ψ−1
∗
πip
=

∗
Xip
(λp Zip )ψ−1
=
ψ
ψ

∗
≥ wfpe . This implies a threshold level of
A firm will only manufacture product p as long as πip

productivity above which the firm will enter:

ψ−1
Zip

≥

ψwfpe
λψ−1
p

≡ Zp∗

B.3. Benchmark case: Wages and Rental rates
I now turn to clearing the labor and capital markets. Note from equation (5), total capital
demand in the economy will be given by:

71

Kd = M

XZ
p

Zp∗

∗
Kip
f (Z)dZ

ψ − 1 α XZ
× ×
(λp Zp )ψ−1 f (Z)dZ
=M
∗
ψ
r
Zp
p
w
= αM (ψ − 1) × ×
r

(1)

= αM (ψ − 1) ×







X Z
 Zp∗
p 



|

Zp
Zp∗

!ψ−1

f (Z)dZ ×fpe
{z

(since λψ−1
= ψwfpe /Zp∗ψ−1 )
p








}

=Γ(Zp∗ )









w X
×
Γ(Zp∗ )fpe
r
p

For labor on the other hand, we have to include the fixed costs as well. Therefore, similar to
the capital markets, total labor demand in the economy will be given by:

d

L =M

XZ
p

Zp∗

(L∗ip + fpe )f (Z)dZ

ψ − 1 1 − α XZ
=M
×
×
(λp Zp )ψ−1 f (Z)dZ
∗
ψ
w
Z
p
p
+M

X
p

fpe

Z
Zp∗

(Production)

f (Z)dZ

= (1 − α)M (ψ − 1) ×

(Entry costs)
X

Γ(Zp∗ )fpe + M

p

X

fpe (1 − F (Zp∗ )) (since λψ−1
= ψwfpe /Zp∗ψ−1 )
p

p

|

{z

=LE ({Zp∗ ,fpe }∀p )

}

(2)
L − LE ({Zp∗ , fpe }∀p ) = (1 − α)M (ψ − 1) ×

X

Γ(Zp∗ )fpe

p

Putting (1), (2) together give the labor and capital market clearing conditions K d = K and
Ld = L imply:
K
α
w
=
×
∗
e
L − LE ({Zp , fp }∀p )
1−α
r
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B.4. Net gains from dropping the reserved product
To prove proposition 2, let us define ΠG as the net gains to a firm (constrained by the policy
when it manufactures both products), from dropping the reserved product from its product mix.
Therefore:

ΠG (Z̃1 , Z̃2 ) = Π2 (Z̃2 ) − Π12 (Z̃1 , Z̃2 )
(

Z̃2
(Z̃1 + Z̃2 )
=
− H(Z̃1 , Z̃2 )
− wf1e
ψ
ψ

)

where:




Q(Φ(Z̃1 , Z̃2 ))

if Q(Φ) > (1 − τ )ψ−1



(1 − τ )ψ

otherwise

H(Z̃1 , Z̃2 ) = 

Consider the case where the constraint is binding, but the firm reduces its capital expenditure to
exactly equal VK . In that case,

(

Z̃2
(Z̃1 + Z̃2 )
ΠG (Z̃1 , Z̃2 ) =
− Q(Φ(Z̃1 , Z̃2 ))
− wf1e
ψ
ψ
"

#

)

(

Z̃2
Z̃1
= 1 − Q(Φ(Z̃1 , Z̃2 ))
− Q(Φ(Z̃1 , Z̃2 )) − wf1e
ψ
ψ
Using the property that

∂Φ
(Z̃1 , Z̃2 )
∂ Z̃2

)

> 0, Q0 (Φ) < 0 and Q(Φ) ∈ [0, 1) we can show that :

∂ΠG
1
dQ ∂Φ Z̃1 + Z̃2
(Z̃1 , Z̃2 ) = [1 − Q(Φ(Z̃1 , Z̃2 ))] −
×
×
>0
{z
}
ψ|
dΦ ∂ Z̃2
ψ
∂ Z̃2
|{z}
| {z } | {z }
>0

<0

>0

>0

In the second case where the firm pays the penalty and manufactures both products, it is easy to
show that:
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∂ΠG
1 − (1 − τ )ψ
(Z̃1 , Z̃2 ) =
>0
ψ
∂ Z̃2
B.5. Firm’s problem when paying the penalty
Consider the case where the firm chooses to pay the penalty τ . The firm’s maximization problem
therefore becomes:

(
X

max

{Kip ,Lip ,N }

)

(1 − τy ) pip Yip − (1 + τl ) wLip − (1 + τk ) rKip −

wfpe

p∈N

Taking the first order conditions w.r.t. Kip and Lip and rearranging, we get:

ψ−1
1 − τy ψ − 1
×
× α(ηp Yip ) ψ
1 + τk
ψ
ψ−1
1 − τy ψ − 1
wL∗ip =
×
× (1 − α)(ηp Yip ) ψ
1 + τl
ψ

∗
rKip
=

Similar to the benchmark case discussed in appendix B.2, define:

P ay

λ

1 − τy
ψ−1
≡
×
α
1−α
(1 + τk ) (1 + τl )
ψ
|

!

α
r

!α

⇒

= (λP ay ηp Zip )ψ−1

!1−α

{z

}

=benchmark case λ

"

P ay
Z̃ip

1−α
w

1 − τy
=
(1 + τk )α (1 + τl )1−α

#ψ−1

× Z̃ip

Substituting in the production function and rearranging, we get:

∗
Xip

= (ηp Yip )

ψ−1
ψ

"

1 − τy
=
(1 + τk )α (1 + τl )1−α

#ψ−1

× Z̃ip

Substituting the above expression back in the first order condition, profits will be given by:
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∗
∗
πip = (1 − τy ) Xip
− (1 + τl ) wL∗ip − (1 + τk ) rKip
− wfpe

(1 − τy )ψ

Z̃ip
− wfpe
=(
)ψ−1
ψ
(1 + τk )α (1 + τl )1−α

B.6. Firm’s problem when choosing to remain small
If the capital constraint is binding, the firm’s maximization problem is:
"

L=

X

#
X

[pip Yip − wLip − rKip ] − Φ

p

rKip − VK

p

Taking the first order condition w.r.t. Kip and Lip will yield results similar to the previous cases
but r will now become (1 + Φ)r because of the constraint:

ψ−1
1
ψ−1
×
× α(ηp Yip ) ψ
1+Φ
ψ
ψ−1
ψ−1
wL∗ip =
× (1 − α)(ηp Yip ) ψ
ψ

∗
rKip
=

Similar to the benchmark case discussed in appendix B.2, define:

1
ψ−1
λ ≡
×
(1 + Φ)α
ψ
C

|

!

α
r

!α

1−α
w

{z

=benchmark case λ

Z̃ip
(1 + Φ)α(ψ−1)

C
⇒ Z̃ip
= (λC ηp Zip )ψ−1 =

Substituting in the production function and rearranging we get:

∗
= (ηp Yip )
Xip

ψ−1
ψ

=
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Z̃ip
(1 + Φ)α(ψ−1)

!1−α

}

This implies variable profits can be given by:

∗
∗
− wfpe
− wL∗ip − rKip
πip = Xip

"

(

)

ψ−1
α
Z̃ip
+ (1 − α) ×
− wfpe
= 1−
ψ
1+Φ
(1 + Φ)α(ψ−1)
1
Z̃ip
1
α(ψ − 1) ×
− wfpe
×
= 1+ 1−
α(ψ−1)
1+Φ
(1 + Φ)
ψ






= Q(Φ) ×



Z̃ip
ψ
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Appendix C. Productivity distribution: Parerto vs Log-normal

Note that in the absence of any regulation, from equation (5), sales of firm i in product p is given
by Xip = (λp Zip )ψ−1 . This implies that the distribution of sales in a product is a transformation of
the underlying productivity distribution. Heterogeneous firm papers that need parametric distributions have usually followed Melitz (2003) in using a Pareto distribution. However, recent evidence
by Head et al. (2014), Fernandes et al. (2017) and others have shown log-normal distribution to
have a better fit instead of a Pareto. Following Head et al. (2014), we use a quantile-quantile (QQ)
estimator and log-sales in the at the firm-product level in the 2010 ASI data to examine which
distribution fits the data better. Dropping the firm subscripts for clarity, consider the following
distributions:
Pareto: Z ∼ P areto(Z, θ) ⇒ Xp ∼ P areto(X, θ̄), where θ̄ =

θ
.
σ−1

Log-normal: Z ∼ LogN (µ, Σ) with the unconditional marginal distribution for Zp ∼ LogN (µ, σ 2 )
and hence, Xp ∼ LogN (µ̄p , σ̄ 2 ) where: σ̄ = (ψ − 1)σ and µ̄p = (ψ − 1) ln λp + (ψ − 1)µ.
To estimate θ̄ and σ̄, we can take advantage of the linear relationship between the empirical and
theoretical quantiles of the log sales data and use the QQ estimator (Kratz and Resnick (1996);
Head et al. (2014)). To do so, we begin by de-meaning the log sales with a product specific
where i now
average i.e. run the regression xip = αp + x̃ip to get x̃ip . Now, we define xordered
i
indexes the firms in ascending order of log sales within the industry. Thus i = 1 is the firm with
minimum (de-meaned) log sales and i = N is the firm with the maximum (de-meaned) log sales.
The empirical quantile for a firm at position i can be given by: QE
i = x̃ip and the empirical CDF
by: F̂i = (i − 0.3)/(N + 0.4). Theoretically, if Z is Pareto, then the distribution of x takes an
exponential form:

Fp (xi ) = 1 − exp[−θ̄(xi − ln x)]
whereas under log-normality, x is normally distributed:
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x − µ̄
FLN (x) = Φ
σ̄

!

The theoretical quantiles are obtained from the inverse CDFs applied to the empirical CDF:

QPi = FP−1 (F̂i ) = ln x −
−1
(F̂i ) =
= FLN
QLN
i

1
ln(1 − F̂i )
θ̄

µ̄
+ σ̄Φ−1 (F̂i )
σ̄

The QQ estimator then regresses the empirical quantiles QE
i on the theoretical quantiles, to recover
the estimates of the primitives of the productivity distribution. One advantage of the QQ estimator
is that the linear relationship between the theoretical and empirical quantiles means that the
same estimate of the slope should be obtained even when the data is truncated. If the assumed
distribution (Pareto or log-normal) is correct, then we should be able to recover the same slope
estimate even when estimating on truncated sub samples of the data.
Using the 2009-10 ASI data on firms in 59 industries, we implement the QQ estimator on product
sales. As an example, figure A1 shows a QQ plot for four industries to examine the fit of the Pareto
and Log-normal distributions. As is clear from the plot, the log-normal distribution of productivity
does a much better job at fitting the data than the Pareto distribution. Furthermore, we use the
QQ estimator to estimate {σ̄, 1/θ̄} for each industry separately and summarize the results in table
A3. The table reports the median values across all industries for the parameter and the 25th and
75th percentiles in parentheses. Column (1) uses the entire sample of firms within the industry.
From columns (2)-(5), the sample of firms within each industry is restricted to the top 50%, 25%,
10% and 5% respectively. The log-normal distribution can explain 98 percent of the variation in
sales in the entire sample as compared to 78 percent under a Pareto. Furthermore, assuming ψ = 4
and with increasing truncation, the log-normal estimates of σ remain fairly stable between 0.66
to 0.78, while the Pareto estimates change considerably from 1.68 to 3.41. As a confirmation, the
median values of σ̄ and θ̄ are similar to the French and Chinese firms as examined by Head et al.
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Figure A1. QQ plots for (de-meaned) log sales

(a) Fertilizers, pesticides & plant protection materials

(b) Plastic, PVC articles (incl. packaging & footwear)

(c) Cotton, cotton yarn and fabrics

(d) Aluminum, tin, lead & other base
materials

(2014). Given this evidence, we will parametrize the productivity distribution as a log-normal
distribution.
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Table A3. Estimates for the shape parameter
All firms

Top 50%

Top 25%

Top 10%

Top 5%

(1)

(2)

(3)

(4)

(5)

Panel A: Shape parameter of Normal distribution
σ̄

1.99
2.03
2.16
2.3
[1.75, 2.11] [1.69, 2.16] [1.83, 2.34] [1.91, 2.59]
R2
0.98
0.98
0.98
0.98
[0.96, 0.99] [0.95, 0.99] [0.96, 0.99] [0.94, 0.99]
σ
0.66
0.68
0.72
0.77
[0.58, 0.7] [0.56, 0.72] [0.61, 0.78] [0.64, 0.86]

2.35
[1.97, 2.78]
0.97
[0.95, 0.98]
0.78
[0.66, 0.93]

Panel B: Shape parameter of Pareto distribution
1/θ̄

1.78
1.24
1.07
0.96
[1.6, 1.89] [1.04, 1.32] [0.9, 1.2]
[0.8, 1.07]
R2
0.78
0.97
0.97
0.97
[0.74, 0.81] [0.96, 0.98] [0.96, 0.98] [0.95, 0.98]
θ
1.68
2.42
2.81
3.13
[1.59, 1.88] [2.28, 2.88] [2.51, 3.33] [2.8, 3.76]

0.88
[0.75, 1.05]
0.97
[0.94, 0.98]
3.41
[2.85, 4]

N

90
[26.5, 201.5]

1637
819
[300, 3913] [151, 1961]

413
[79, 980]

168
[36, 391]

Notes: Panels A and B report the median values of the QQ estimator for the
normal and Pareto distributions respectively across 59 industries. 25th and 75th
percentile values across these industries reported in parentheses. Only industries
with estimates significant at the 5% level are included. σ = σ̄/(ψ − 1) where
ψ = 4.
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Appendix D. Theoretical model for size-based but not product-specific
policies

Conditional on the productivity draw of the firm, the maximization problem of a firm under
policy A can be written as:

(

(1)

max

{Kip ,Lip ,N }

X

)

(1 − I.τy )pip Yip − (1 + I.τl )wLip − (1 + I.τk )rKip − wfpe

p∈N

where: I =





1

if




0

otherwise

P

p∈N

rKip ≥ VK

As compared to the benchmark case, the maximization problem of the firm now includes a penalty
(on either sales, labor or capital) that is only applicable if the firm is “large” i.e. its total capital
expenditure across all products that it manufactures exceeds the threshold VK . Conditional on
productivity, the following scenarios are possible: (a) firm productivity is low so that the policy
does not bind; (b) the policy is binding, in which case the firm has to decide between either
reducing its capital expenditure to VK or paying the penalty τ = {τy, τl , τk }. I formally discuss
both these cases below.
Policy constraint does not bind
It is possible that productivity draw is such that a firm does not manufacture at all. This is true
if Z̃ip < ψwfpe ∀p. Alternatively, conditional on manufacturing atleast one product, it is possible
that the policy constraint does not bind. This is true if
implies that:
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P

p∈N

∗
rKip
≤ VK , which from (5) and (6)

Z̃ip ≥ ψwfpe
and

X

Z̃ip ≤

p∈N

ψVK
(≡ Z̃B )
(ψ − 1)α

Intuitively, a firm will manufacture those products that are viable but do not constrain the firm.
Optimal choices of the firm can then be given by (5).
Policy constraint binds
Consider the case where

P

p∈N

∗
rKip
> VK i.e. the constraint binds. A firm will then have two

choices: either to pay the penalty or reduce its capital expenditure to the threshold VK and not
pay the penalty.18 I discuss both cases below.
1. Pay penalty τ : P (τ ) in proposition 3 will be (1 − τ )ψ so that a product p will be viable
only when Z̃ip ≥ (ψwfpe )/(1 − τ )ψ .
2. Reduce the value of capital stock to VK : Propositions 4 and 4 do not change either. The
only change however is that the constraint binds conditional on the firm manufacturing
atleast one reserved product.

18I

abstract away from evasion, though one could capture it by having an “effective” penalty that incorporates the
actual penalty along with the probability that the firm is caught and penalized.
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Figure A1. Product choices with a two-product example

Notes: Parameter values are set to ψ = 4; ν = 3; VK = 10; τ = 0.1; fp = 0.1; K = L = 1m; M = 40k.
{x,y} reports which product {1}, {2} or both {1,2} is manufactured by a firm. {Pay, Con, Unc}
indicates whether a firm pays the penalty, constrains it size to VK or is unconstrained by the policy
respectively.
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