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The objective of this dissertation is to examine multi-product firms’ productivity and
export behavior. More specifically, this dissertation estimates productivity of firms
that produce and sell multiple products, and the role of productivity in such firms’
export behavior. In doing so, this dissertation develops a firm-level gravity approach
to test whether multi-product firms self select to export or learn from exporting.

In the first of part of this dissertation, | examine whether intra-firm resource
reallocation of a multi-product firm affects its Total Factor Productivity (TFP). By
extending earlier approaches, I estimate unbiased and consistent TFP of multi-product
firms using a revenue-based production function. | find that TFP is more likely to be
overestimated when multi-product firms’ internalized demand linkage is not taken
into account. | also find that multi-product firms’ TFP decreases as it expands the
number of products produced, but specialization of production does not play a role in
TFP.

In the second part, | present a theoretical framework to derive a firm-level gravity

equation. By equating the total demand and total production of multi-product firms, |



derive a firm-level gravity equation where export flows from firms to consumers is
proportional to the product of economic size of firms, consuming power of a
representative consumer, and trade resistance between origin and destination. Using
the firm-level gravity equation, | test the hypothesis that high productivity firms self
select to export and that the size of export flows is determined by productivity. | find
that the economic size of exporting firms and the consuming power of a
representative consumer have a positive and statistically significant effect on exports,
while trade resistance such as tariff and distance have the opposite effect. | also find
that the estimated coefficients of the firm-level gravity equation tend to be smaller
than those of the traditional country-level gravity equation.

In the final part of the dissertation, | test whether or not previous export experience
improves the productivity of firms. Again, the estimable equation is derived from the
equilibrium condition presented in the second part. My result confirms that previous
export experience indeed improves productivity of exporting firms, but tariffs have
the opposite effect.

The results of this dissertation reveal the economic behavior of multi-product
firms, which usually account for a large of economic activity and output in many
countries. Understanding such firms’ productivity and export behavior can offer
strategies for economic growth and development. Empirical findings of this
dissertation suggest policy options including lowering tariffs, and improving
infrastructure that can lower transportation costs. Further examination of product
range and specialization of production can offer strategies to source exports from

small and midsize firms.
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Multi-Product Firms’ Productivity and Export Behavior

1. Introduction

The relationship between trade and productivity has received major research attention
in the past few decades. Both motivation and consequences of trade liberalization are
important to policy makers, consumers and exporting firms. The traditional
Heckscher-Ohlin model and more recent monopolistic competition approaches, e.g.
Krugman (1980), have been employed to understand the productivity-trade
relationship, but mostly with aggregate or industry data. Such a broad analysis well
suits the assumptions underlying such models: perfectly specialization, single-product,
homogeneous firms and symmetric market shares.

The assumption of single-product, homogeneous firms equally sharing a market
has not held out well in observed data, characterized by firms producing multiple
products, and differing in levels of productivity, export destinations and volumes.
Recent heterogeneous firms models (Melitz, 2003) address the variation in size,
productivity and market share among firms in an industry. Here, openness to trade
leads to intra-industry dynamics where high productivity firms expand exports, low
productivity firms reduce exports or stops to export, and least productivity firms exit
from the market. These various responses are referred to as across-firm resource
reallocation. However, the heterogeneous firm model still maintains the single-

product firm assumption.



As firm-level data became available, the role of multi-product firms has received
increasing research attention in the past few years. A firm with multiple products can
internally adjust their resources among products in response to changing economic
circumstances, while single product firms can only scale their output up or down (to
possibly zero). Here, multi-product firms’ resource adjustment is referred to as intra-
firm resource reallocation. The multi-product firms are very different from single-
product firms in practice (Bernard, Redding and Schott 2010). In most economies,
they are small in number but account for a large share of their respective markets.
Bernard, Redding, and Schott (2010) report that multi-product firms account for 87%
of the total output in U.S. manufacturing but only 39% of the total number of firms
during 1987 to 1997.

Emerging literature points out to a new channel of productivity improvement
through intra-firm resource reallocation. Intra-firm resource reallocation brings
additional theoretical and empirical issues in analyzing the relationship between trade
and productivity. Emerging literature proposes theoretical modifications and
empirical evidence to account for multi-product firms in the trade and productivity
relationship. More specifically, product heterogeneity in addition to firm
heterogeneity is introduced to analyze the intra-firm resource reallocation in
international trade theory and applications (Eckel and Neary (2003), Bernard,
Redding and Schott (2011) and Mayer, Melitz and Ottaviano (2011)). Despite
increased firm-level data availability, little is known about multi-product firms’

structure and behavior in many economies.



A better understanding of multi-product firms’ behavior is required in
developing and developed countries to examine consequences of trade and openness.
In this dissertation, | examine the trade and productivity relationship in the presence
of multi-product firms, and present empirical evidence on their export behavior. In
the first part of this dissertation, | propose an approach to estimate productivity in the
context of a multi-product firm, and test the impact of intra-firm resource reallocation
on productivity. In the second part, | extend the traditional gravity-type equation to a
firm-level context to analyze the relationship between trade and trade productivity. In
the final part, | analyze the relationship between export experience and productivity.

First, | estimate multi-product firms’ Total Factor Productivity (TFP) and
examine whether intra-firm resource reallocation affects TFP of multi-product firms.
When TFP is estimated as a residual in most production function based micro studies,
revenue is used as a proxy for output. Although revenue is the product of price and
output, these studies do not control for price in the revenue-based production function.
Loecker (2011) proposes an empirical method to control for price effects and estimate
unbiased productivity by merging production and demand functions. | extend the
Loecker’s method to account for multi-product firms’ internalized demand linkage
and price effects. | find that TFP is more likely to be overestimated if multi-product
firms’ internalized demand linkage is not considered. I also test the impact of intra-
firm resource relocation on TFP and find that multi-product firms’ productivity
improves as a firm reduces the number of products.

In the second part of this dissertation, | suggest a gravity-type framework to

analyze firm-level data. The traditional gravity-type equation usually analyzes



country- or industry- trade flows. For firm-level data, | develop a framework for the
gravity-type equation by equating the total demand and total production of multi-
product firms.

By rearranging the equilibrium condition, | show a relationship between
productivity and trade. Assuming that high productivity firms self select to export
which is referred to as self-selection hypothesis. | empirically show that the firm-level
gravity equation has the distinct feature that the export flow of multi-product firms is
proportional to the economic size of a firm and consuming power of a representative
consumer in a destination. Estimating alongside, a traditional country-level gravity
equation allows me to compare firm-level outcomes with aggregate behavior.
Rearranging the equilibrium condition leads to the alternative learning-by-exporting
hypothesis, where export experience of firms enriches their knowledge and enhance
TFP.

For the dissertation, the production accounts of the PROWESS database on
Indian firms (31,100 firms with 213,134 observations; 3,844 products with 637,998
observations) are merged with the TIPS database on product-level exports for 1997-
2002 (134,133 firms with 19,104,370 observations). This unique database allows the
study of the relationship between multi-product firms’ structure, trade and
productivity.

The results of this dissertation reveal the structure and behavior of multi-product
firms, which usually account for a large of economic activity and output in many
countries. Understanding such firms’ productivity and export behavior can offer

strategies for economic growth and development. Empirical findings of this



dissertation suggest policy options such as reducing the number of products a firm

produces, reducing tariffs, and export encouragement for small and middle size firms.



2. Structure and Behavior of Multi-Product Firms

: Evidence from India

2.1 Introduction
A central theme of international trade research has been the impact of trade
liberalization on productivity. Work by Prescott (1998), Pavnick (2003), Amity and
Konings (2007), and Feenstra and Kee (2008) argue that differences in productivity
mostly explain income differences across countries, that trade liberalization improves
productivity, and that all economic agents share the gains from productivity following
trade liberalization.

Early literature on this theme points out that trade liberalization brings
resource/organizational adjustment across industries and this adjustment enhances
productivity. A traditional comparative advantage or monopolistic competition model
examines responses at the average, i.e. homogeneous firms. In recent years,
heterogeneous firm models with a general equilibrium framework expand the debate
to include organizational adjustment across firms. Following trade liberalization,
more efficient industries or firms expand their production and exporting status, while
inefficient industries or firms shrink or even leave the market. The heterogeneous
firm models argue that there is organizational adjustment across firms even within an
efficient industry. Contributions by Melitz (2003), Bernard and Jensen (2004), Melitz
and Ottaviano (2008) and Bernard, Redding and Schott (2007) argue that only firms
with productivity levels higher than a certain cutoff self select to serve domestic and

foreign markets.* The productivity improvement in the heterogeneous-firms

! The cutoff arises from a long-run zero-profit condition equating cumulative profits to post-entry fixed
production costs.



framework arises through organizational adjustments of industries or firms following
trade liberalization. The exit of less efficient industries or firms and the transfer of
their resources to more efficient industries or firms lead to improvements in industry
or national productivity.

A new strand of the heterogeneous firm literature is now considering
explanations of productivity change arising from intra-firm resource reallocation in
the presence of product heterogeneity (or product differentiation). Under firm
heterogeneity, a firm’s technology uses determine its productivity; technology usages
include adoption and efficient use of adopted technologies. However, recent literature
points out that there is a possibility that intra-firm resource reallocation affect a firm’s
productivity in addition to technology usages. Restuccia and Rogerson (2013)
summarize direct and indirect approaches explaining the impact of intra-firm resource
reallocation on a firm’s total factor productivity (TFP). The direct approach directly
employs multiple factors affecting TFP such as inefficient input use caused by
employment protection policies, and measures the magnitude of each factor’s impact
on TFP. In contrast, the indirect approach does not explicitly select factors, but it
measures the aggregated effect of all causal factors on TFP. Work by Eckel and
Neary (2010), Bernard, Redding and Schott (2011) and Mayer, Melitz and Ottaviano
(2011) show that product heterogeneity drives intra-firm resource allocation. Product
heterogeneity can consist of either productivity differences across products (Eckel
and Neary, 2010; Mayer, Melitz and Ottaviano, 2011) or differences in attributes
across products (Bernard, Redding and Schott, 2011). Attribute differences refer to

that products are symmetric in terms of productivity, but differ in terms of



characteristics such as brand and quality. These studies claim that as firms change
their number of products, they also change firm-level productivity because changes in
the number of products cause inefficient management or lead allocation of inputs to
less efficient products. In addition to technology adoption and usage, intra-firm
resource reallocation can determine attained productivity.

The primary purpose of this chapter is to show whether intra-firm resource
reallocation affects multi-product firms’” TFP. Multi-product firms’ intra-firm
resource reallocation is measured by two terms: the number of products a firm
produces (product range), and the way a firm allocates input resource across products
(specialization of production).

However, | also show that multi-product firms’ internalized demand linkage
between the products within a firm should be considered when TFP is measured using
the revenue production function in which deflated revenue is used as proxy for output
to estimate production function. Revenue is the product of price and output, but on
the right hand side of the revenue production function, there is no control for the price
in revenue. Uncontrolled price effect in revenue causes omitted variable problem and
yield biased TFP. Loecker (2011) suggests an alternative method to handle the price
effects in revenue. By merging a production function with a demand function, sectors’
aggregated demand and dummies for products is newly added to the revenue
production function as a control for the price effects in revenue. | extend Loecker’s
approach to include multi-product firms’ internalized demand linkage.

The multi-product firms’ internalized demand linkage which is referred as a

cannibalization effect implies a reduction in output or revenue of existing products as



a result of the introduction of a new product by the same firm. Eckel and Neary (2010)
use the cannibalization effect as a distinct feature of multi-product firms. Products’
demand within a firm are connected to each others, and so changing the number of
products a firm produces could change the revenue of existing products within a firm.
At product-level, the cannibalization effect is inherently negative to existing products,
but at firm-level, it can be positive by ultimately raising firm-level revenue which is
sum of all products’ revenue. In addition to the price effect in revenue, | also test
whether the cannibalization plays a role in revenue of multi-product firms and a
consequence result of the cannibalization in estimation of TFP. | find that TFP is
more likely to be over-estimated because TFP contains the cannibalization effects in
it when the revenue production function is estimated without considering the
cannibalization effects. Note that TFP is measured using Loecker’s (2011) approach
adopting the Cobb-Douglas production and CES utility functions with the presence of
multi-product firms and product-heterogeneity.

Next, multi-product firms’ behavior is examined through the testing the
following hypothesis: [Hypothesis I: A concentrated production system with a large
production share for one or two products increases multi-product firms” TFP, while
diversifying it decreases TFP]. This hypothesis implies that Discontinuing a product
and (/or) skewing production toward a particular product increases TFP while adding
a product and (/or) equalizing the production of all products decreases TFP.

| find empirical evidence supporting that only changes in product range have an
impact on multi-product firms’ TFP. This has three implications. First, multi-product

firms indirectly optimize their productivity to maximize profit. Expanding product
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range decreases TFP and this leads to cost increases to firms. However, firms can take
additional demand and so revenue from the newly added product. If the additional
revenue is larger than cost increases, firms add a new product and sacrifice
productivity. Otherwise, firms reduce their product range and increase their
productivity. Second, aggregate TFP depends not only on organizational adjustment
across industries or firms, but also on organizational adjustment within a firm. Multi-
product firms” TFP depends not only on technology usages, but also on intra-firm
resource reallocation. Product range and the way to allocate input resource across
heterogeneous products also affect a firm’s TFP. Finally, getting exporter status could
change multi-product firms’ productivity if a firm reduces non-exporting products
and concentrates their production on exporting products.

For the empirical analysis, the production and finance accounts of the
PROWESS database on Indian firms (31,100 firms with 213,134 observations; 3,844
products with 213,134 observations) are used. This unique database allows the
chapter to focus on multi-product firms’ structure, productivity, product range and the
specialization of production.

The remainder of this chapter is organized as follows. The next section describes
the empirical models. Section 3 contains estimation strategies, while section 4
introduces the data and Section 5 discusses hypotheses and results. The last section

concludes.

2.2 Empirical Model
As noted earlier, multi-product firms’ productivity is estimated using the Loecker’s

(2011) approach. However, this chapter considers an additional effect in the TFP
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estimation: cannibalization. If a firm changes its product range or (and) the
specialization of production, physical outputs of products within a firm and prices are
affected. In addition, following the assumptions in Bernard, Redding and Schott
(2011), this chapter uses a model where all products within a firm possess identical
productivity, but they are heterogeneous in terms of attributes such as quality and
brand names. Due to product heterogeneity, firms can take additional demand and
profit from the newly added product in addition to those from existing products. This
approach is analytically tractable and can be readily tested using firm- and product-

level data.

2.2.1. PRODUCTION
A product’ production is a function of technology and a firm’s productivity.
Homogeneous technology and common input prices across products are assumed.
Autarky is assumed as well. Product i of firm j has a standard Cobb-Douglas

production function, given by
Jo— () eI (T IO T T\ ET J J
(D) Q= (aith) (aitLt) (aitMt) exp((pt + ut)
i\agtatam i\ QK i\l i\ Am P P
= (az) (k7)) (L) (M) "exp(o) + ;)
. y . ak . al . am . .
= (ay) (k7)) " (12) ~ (M) "exp(o; +u;)
where i € I;(i) and I;(i) is a set of products in firm j; Ql’t denotes physical output of
product i in firm j at time t; Qg denotes firm j’s aggregated physical output; Ktj, L’t'
and Mtj are the firm’s capital, labor, and material, respectively; <pg denotes multi-

product firms’ unobservable productivity; a{t denotes input share of product i in firm
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j’s input use and shows how much inputs are allocated to product i. ZiE,j(i) a{t =1

and a),, = aJ, forh = {K/,1, M/}; and v/ is measurement error and idiosyncratic
shocks to production. The assumptions for input share imply that the production
function satisfies input proportionality and that there is no input cost synergy. Returns
toScaleisy, ay, + a; + a,,, = v.
A firm’s aggregated physical output is the sum of the multiple products’ output,
given by,
(2 ¢! =%:0};
= Zi(al) (k)™ (L))" (M) exp(of +ui)
= (k)™ ()™ (M) " exp(o! +ul) Ti(al,)’
Physical output is not available due to data constraints. In general, deflated revenue
by the producer price index is used with the assumption that unobserved price effects
in revenue are eliminated by deflating it. However, uncontrolled price effects in
revenue cause omitted price variable problem if omitted prices are correlated with
input uses. Alternatively, Loecker (2011) suggest that by combining Cobb-Douglas

production function with CES preference, unobserved price effects in revenue can be

controlled for.

2.2.2 DEMAND
All consumers have a common utility function satisfying the Constant Elasticity
Substitution (CES) preference. A representative consumer’s demand on product i

from firm j is given by,



Os

@ 0} = 0 (%) exn (&)
where g, denotes elasticity of substitution and it is allowed to vary by sector s,
os < —1; Q denotes total demand of sector s; Pii denotes price of product i from
firm j; Py, denotes aggregate price index of sector s; ftj denotes firm specific

unobserved demand shocks. Note that the CES preference assumption implies

constant markups over marginal costs.

2.2.3 AGGREGATION
Firm j’s aggregated revenue is given by R{ =i PL{ l’t . By combing the production
and the demand functions, firm j’s revenue function is given by,

(4) R] = %P

os+1

_x . =L . Ostl
=Y Qstds (exP(ft] + ui)) ? Pyt (Qi]t %
os+1

7 (explel + D)) ™ P (@) @)

as+1 (as+1)

7 (&l +u)) 7 (@)% 5i(al)

_1 gs+1

(exp(ft +u1)) o Pst (Qt) JS AJ

L S N, N
= 0, (exp (&) +u))) ™ Poe (KD (1) " (M) "exp (o)) = 4]

ost+1 Og +1 Og +1)

= p () w1 () o gy e g7 (exp(ft)) Z

os+1

(exp(e! +ul)) =

13
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where Ai denotes firm j’s the specialization of production which is the sum of a

product i’s input share powered by the elasticity of substitution and the returns to

as+1)

scale, Ai = Zi(a{t)y("—s . Note that the specialization of production reveals how a
firm allocates its inputs across products. The specialization of production has the
largest value when a firm produces a single product or a firm allocates most of its
input resource toward a particular product. As a firm reallocates its inputs toward
other products, the specialization of production decreases and it has the lowest value
if all inputs are equally distributed over all products within a firm. This feature is
preserved regardless of sign or size of elasticity of substitution. Now the
specialization of production plays a role in estimating the production function. Unlike
Loecker’s (2011) approach the specialization of production and product range are not

constant over time in this chapter.

By taking logs, equation (4) can be written as the following,

j_ ost+1 j ost+1 j ost+1 j i1 1,
(®) 7 _p5t+( o )akkt-l_( os)allt-l_( as )ammt'l'at_o_sqst_o_sft‘l'

N

os+1  j os+1 _j
—— o] +=—u
Og got Og t

where lower cases denote logs. Including sectors’ total demand for multi-sector firms,

estimable equation is given by,
©) 7 = 1/ —py
= Bkl + Bl + Butn] + Paa] + Yo Bessase + 0) +& +ul
where 7/ is deflated revenue by producer price index in sector s, 7/ = r/ — py,; s,

denotes multi-sector firms’ revenue share in sector s and it can be between 0 and 1;

Bu = (=) ay for h = {k, L,m}; Bg === @1

Os |

1 jfos . JF — o 1.
Lol el 8 =g e

o
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2.3 Estimation Strategy
2.3.1 Estimation Strategy for production function
Unobserved demand shocks, ftj , In equation (6) are decomposed into observable

nesting structures of the product data and product range, nf, and the stochastic
component, £/, as in the following?,

(7) & = Speaqy Dpe + 1l + &
where Dét denotes fixed effects for product-group and G (i) denotes the set of

product-group; ftj denotes stochastic components and i.i.d. across firms and time.
Product range of firms has an impact on demand shocks due to the cannibalization
effect, where output or market share of one product can be changed as a result of
introduction of a new product by an identical firm. The cannibalization effect
captures internalized demand linkages of multi-product firms (Eckel and Neary,
2010)3. Decomposing demand shocks by nesting the structures of products is
examined by Goldberg (1995) and Loecker (2011). Note also that if the assumption
that production function is common across products is not satisfied, then dummies for

products could capture the difference in production technology.

N

Nesting structures of the product data includes product (5 digit SITC), product-group (3 digit SITC),
industry (2 digit SITC) and sector (1 digit SITC). All these nesting structures could be included in
estimation, but it brings a practical implementation problem due to limitations of estimation
procedures. This chapter only considers product-group fixed effect as a nesting structure of product.
* Loecker (2011) decomposes demand shocks by the fixed effects for product, protection rate in trade,
and a stochastic term.
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A multi-product firm’s productivity determination process follows a first-order

Markov process and so, it is a function of previous productivity, previous product

range, previous the specialization of production and stochastic components, ng , as

given by,

(8) ‘Pg = gt(‘/’g—y ag—v ng—1) + 77;

where stochastic components, n{ , are interpreted as innovation or productivity shocks
and i.i.d across producers and time+. Product range and the specialization of
production in equation (8) capture the relationship between intra-firm resource
reallocation and TFP.

The productivity determination process reflects the assumption that firms
determine the specialization of production and product range based on current
productivity, but current the specialization of production and product range affect
next period productivity because firms needs some time to reorganize management
and production systems, and eliminate inefficiency across products without affecting
input use.

Shocks in demand and productivity lead to the main estimable equation as the

following,
(9) ft] = ﬁkkg + ﬁllé + ﬁmmé + ﬁaaé + ﬁnné + Zs Ss] ﬁqQSt + ZiEG(i) Dz])t
+3 Dy+¢) +& +u)
yeJ) Yy T ¢t t t

= Bkl + Bil] + Bm! + Baal + Bunl + Bsqdsc + 6,Dpe + 8,0, + @] + v/

“nl = o] —g.(ol_,, nl_,, al_,) anditisinterpreted as innovation.
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where D and D,, denote dummies for product-groups and year, respectively; vtj '

pgt
denotes stochastic demand shocks and residuals, v/ = E}; +1 Bsq denotes

coefficients on s/ B, However, equation (9) is not directly estimated due to the

correlations between unobserved productivity and freely adjustable inputs.

The specialization of production, ag, is not directly observable because the data
showing a product’s input use is not available. As a proxy for a product’s input use, a
product’ deflated revenue share is used. If a firm allocates large portions of inputs to a
particular product, the output of that product would be larger than any other product
within a firm. Hence, revenue falls under the assumption since input prices are
common across products, and that mark-ups are constant over marginal costs as in

CES preference. As an instrument for the specialization of production, the Herfindhal

7
iTie

. 2

Index of product-level deflated revenue, hg =i (;i]f ) , IS used to capture the
degree of concentration in production over products within a firm. The Herfindhal
index has the lowest value if a firm allocates its inputs equally across products and
the index increases as a firm skews its inputs toward a particular product. Revenue-
based Herfindhal index yields a similar measure of specialization of production.

Estimating equation (9) through Least Squares would yield biased results because
of correlation between unobserved productivity and freely adjustable inputs. Firms
tend to use more freely adjustable input when they have positive productivity shocks,

and those freely adjustable inputs include labor and material. This correlation causes

endogeneity problem and lead biased results.
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Basically, this chapter estimates equation (9) through a two-stage-procedure to
deal with the correlation problem which is introduced by Levinsohn and Petrin (2003)
and Loecker (2011). Material is used as proxy for unobserved productivity and is
given by,>

(20) mg = mt(kg,ag,ng,qst,Dpt, Dyt,(pg) .
Material demand is monotonically correlated with unobserved productivity so it can
be used as a proxy for unobserved productivity (Levinsohn and Petrin (2003);
Loecker (2011)). By inverting the material demand function, a function, h.(-), is
defined as,

(11) (pt n’ (k] l’ m a nt, Gst» Dpts Dyt ) -
Now unobserved productivity is a function of inputs, the specialization of production,
the number of production, total demand of sector and dummies for product and year.
If | use material as proxy for unobserved productivity, revenue does not have a linear
relationship with inputs as in equation (9) due to the correlation between material and
other variables as in equation (10). I rewrite the equation (9) as the following,

(12) 7 = A( Xy, X)) + v
where

(13) Al(X},X,) = P Oa)ab( f (k{,l’ m,,h’())) (Xz(a{,n{,qst,Dpt,é Dy))b

where X, () includes all inputs in production and X, (-) includes other variables. Note

that interaction terms with dummies for product-group and year are not considered

due to a practical implementation problem. The non-linear term, Ai(Xl,XZ), IS

> Investment can be considered as a proxy for unobserved productivity as well. However, data
constraints restrict the use of investment as the proxy for productivity. Data has a significant number
of firms report zero investment.
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approximated by fourth-order polynomials and estimated by OLS. Then, fitted value

of the non-linear term, Ai( -), is calculated. Note that the fitted value does not include

the residual, vtj "
In the first stage, unobserved productivity is calculated using the fitted value of

the non-linear term as the following,
(14) fﬂg (ﬂk*' ﬂl*rﬂm*'ﬂa*' ﬂn*' ﬂsq*'5p*r5y*)
= M) =Bk, = BU = Bu'm] = Ba"a] = Ba"n] = Beg" st = 8" Do = 6, Dy -
where B, B, Bm'» Ba'» Bn'» 8, and &y are unbiased estimates of inputs and

demand variables. To calculate the initial value of the calculated productivity, | use

the coefficients of inputs and other variables by estimating equation (9) via OLS.
Using the current and lagged productivity ((;;Z ", q;?:*) from equation (14), the

productivity determination process is estimated using the following,

(15) @ =g (0l o nly ) =By @}, + Boal_y + Bonl, 47l

Let unbiased estimates from equation (15) be ,", B," and B;". The stochastic i.i.d.

—_—

component which is interpreted as innovation or productivity shocks, (n;), [

calculated using the estimates from equation (15),

S —

(16) 77{* = ‘;1.{\* — Gt ( (pL{—l*' ai_y, Nl ) = ‘;1.{\* - B (pL{—l* - lBZ*ng—l - :83*“{—1
In the second stage, unbiased coefficients of inputs and demands are estimated. As

mentioned above, equation (9) is not estimable due to the endogeneity problem in

equation (9). The independent condition between independent variables and error

terms are needed. | define a new moment condition using the independency between a

stochastic term in the productivity determination process in equation (8) and inputs.
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The moment condition assumes that some inputs and the specialization of production
could be correlated unobserved productivity, but those variables are weakly
correlated with unobserved productivity shocks, since firms are not able to anticipate
productivity shocks, and hence, they are not able to change their inputs uses or the
specialization of production.® However, to avoid possible correlation, | take one

period time lag. The moment equation is used as such,

( k)

(17) E< (né(ﬂk' ﬁl' ﬁm' ﬁa' ﬁn' ﬁsq '6p'5y)) At r =0,

QSt—l

where variables for freely adjustable inputs and the specialization of production are
lagged due to correlation between productivity and those inputs. The moment
condition estimated through Generalized Method of Moments (GMM). The two-

stage-procedure is iterated until the moment condition is converged to zero.

2.3.2 Estimation Strategy for Multi-product Firms” TFP

The original unobserved productivity shocks can be recovered by,

® Freely adjustable inputs, the specialization of production, and sectors’ total demand are lagged due to

the correlation between unobserved productivity shocks, / (+), and corresponding variables. Freely
adjustable inputs (labor and material) have the correlation with productivity shocks because firms with
high productivity shocks tend to use more freely adjustable inputs than those with low productivity
shocks. The specialization of production correlate with productivity shocks since productivity shocks
might change the shares of each product even though the physical output of all products within a firm
increase at the exact same amount. Sectors’ total demand is correlated is a weighted sum of firm-level
production, and hence it is correlated firm-level productivity shocks.
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(18) @] = (7 — Bi'k] — Bl — B m] — Ba al — Bpnl — Beq Gst

~8, Dy — 8, D,) ( Is )

1+05

L as for multi-product firms, the shares of

where g is obtained by g, = — Boal
sq

j
physical output in sector s are used as a weigh ¥, (ﬁ) Zr—“] instead of (105 )

+0
s Tst N

2.4 DATA

2.4.1 Firm- and Product-level Data
This chapter uses the PROWESS database (PROWESS) on Indian firms over the
1989 — 2009 periods. These data have been collected by the Centre for Monitoring the
Indian Economy (CMIE), and show the production and financial performance of
companies in India from 1988 to present. As per the Companies Act in 1956, all
Indian business entities are required to report production and financial information.
CMIE has been collecting this information using its own classifying system for
product and industry (PROWESS code). Goldberg et al. (2009, 2010a, 2010b),
Topalova and Khandelwal (2011), and Loecker et al. (2012) use the same database as

well, but their data period is 1989 - 2003.”

’ Revenue, Capital, and Material are deflated in this chapter. Product-level revenue is deflated by the
corresponding sector’s Indian Whole Sale Price Index (WPI). Capital stock is net fixed assets deflated
by corresponding sectors’ WPI. Materials are expenses of raw or intermediate goods and of water and
electricity. Materials are deflated by the corresponding sector’s primary article index in WPI. As for
labor, | calculate the number of employees using reported information. As for multi-sector firms, firms’
market share in each sector is used as a weight. About 30 percent of firms in data report both the
number of employees and total wage, while the other 70 percent of firms report total wage only. First,
the average wage rate is calculated using the information from the 30% percent of firms. By dividing
total wage by the number of employees, average wage rate is calculated. Then using the average wage
rate, the actual number of employees is calculated. As for WPI, it has been collected by the Office of
the Economic Advisor in the Department of Industrial Policy and Promotion, Ministry of Commerce
and Industry. 435 representative products in all industry except service are reported by 13-digit Indian
National Industrial Classification code (NIC). NIC code is converted to SITC by taking a weighted
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PROWESS defines product by a 20-digit PROWESS code and firms by name.
This chapter converts PROWESS code to 5 digit Standard International Trade
Classification (SITC) code. Note that other existing literature using PROWESS
converted it to Indian National Industrial Specification Code. The hierarchical
structure of industrial classification is as follows: product is defined by 5-digits in
SITC coding. Product-group is defined by 3- digits in SITC coding. Product-group
includes most products using identical raw materials. Industry is defined by 2-digit
SITC codes and Sector is defined by 1-digit SITC codes. The classification of
intermediate goods is made by the use of raw materials, but that of final goods made
by purpose and function of goods. As per the SITC code, there are 2,970 products,
1,023 product-groups, 67 industries and 10 sectors.

The advantage of PROWESS is the availability of product-level revenue by firm.
The history of product range and the specialization of production can be tracked from
1989 to 2009 periods. The disadvantage is that PROWESS is not a comprehensive
database and covers mid- and large- size companies in the organized sector. However,
this database includes firms and products accounting for 60-70% of total economic
activity in India. Although small firms are not included in the PROWESS, this
chapter focuses on intra-firm resource reallocation on productivity. Most small firms
are likely to be single-product firms and thus, intra-firm resource reallocation across
products may not be a relevant issue.

The original PROWESS covers all industries including the service industry, but
this chapter does not include service industry. Data from 1988 and 2010 are dropped

as well because of few observations, which were not consistent with data for other

average over all products where weights are based on market shares.
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years in the sample. In addition, all firms having the inconsistent accounting year
problem are dropped with the exception of firms with financial accounting years. In
PROWESS, 80% of firms in PROWESS follow the financial year from April of a
calendar year to March of the following year, 15% of firms follow the calendar year
from January to December of the accounting year. Most foreign firms use the
calendar year. After aggregating the original database by the hierarchy structure of
industrial classification, a whole firm’s observations having missing years or missing
variables are dropped. There is no systematic structure generating these missing

variables problems.

2.4.2 Measuring Sector’s Total Demand
Following Klettte and Griliche (2005) and Loecker (2011), each Sector’s total

demand, Q,;, is measured by a weighted average of deflated revenue.

(19) g5 = 2511 Market Sharesjt X 1:;

where J; denotes the number of firms in sector s; Market Share, is the market share

of firm j in sector s; r7 denotes logged deflated revenue of firm j in sector s. The

'St

market share of firm j in sector s is measured as,

(20) 17, = log(R.,) = log(Tier, RE,)

. J
(21) Market Sharel, = =t |

YjRy

where I denotes the set of products in sector s; RJ__denotes deflated revenue of

ist

product i by firm j in sector s; Rgt denotes deflated revenue of firm j in sector s.
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2.4.3 Measuring Intra-firm Resource Reallocation
In order to measure intra-firm resource reallocation, | adopt two variables; the
number of products and the specialization of production. The number of products is
measured by counting the number of products after aggregating the data by 5-digit
SITC code. The definition of products is different from that of brand names. A 5-digit
product category could include multiple brand names. Even though a firm frequently
changes a brand name, the product that belonged to a brand is continually produced
without any change in its status (Baldwin and Harrigan, 2011).

The specialization of production is measured by the Herfindhal Index which is
the sum of squares of the product-level deflated revenues by sector-specific producer
price index. For a single product firm, the specialization of production has unity. If all
products within a firm are evenly produced, it has the lowest value which is the
inverse value of the number of products within a firm. Using the product-level
deflated revenue enables us to avoid quantity aggregation problem because it is quite
complicated to aggregate the physical output of multiple products because the units of
products are different. Some products use weight as their unit, but the other products
use count as their unit. However, | do not observe the unit of each product in the

CMIE database.

2.4.4 Data Description
In this section, | present the basic statistics of data. Table 2.1 illustrates the variation

in revenue, capital, labor, material, the specialization of production and product range



25

across 35,423 observations, 4,926 firms and an average of 7.19 producing years per
firm from 1989 to 2009 periods.

Considerable temporal variation is visible in these data: between-year standard
deviations of all variables are greater than 1.45, except for the specialization of
production. However, the specialization of production ranges from 0 to 1, so, it varies
considerably as well. This table highlights the dramatic growth of Indian firms.

Within-year standard deviations show the extent of firm heterogeneity in the data.

TABLE 2.1 The Variation in Revenue, Capital, Labor, Material, Specialization of
Production and Product Range

Variable Mean Std. Dev. Min Max Observations
Revenue overall 5.30 1.90 -2.84 13.77 N =35,423
between 1.92 -2.43 13.07 n = 4,926

within 0.64 -3.02 8.56 T-bar=7.19

Capital overall 3.59 1.95 -5.94 12.20 N =35,423
between 1.93 -4.35 11.86 n = 4,926

within 0.78 -3.22 9.10 T-bar=7.19

Labor overall 4.25 1.88 -1.73 12.32 N =35,423
between 1.83 -1.69 12.19 n = 4,926

within 0.50 -0.07 7.57 T-bar=7.19

Material overall 4.23 2.08 -3.31 13.22 N =35,423
Between 2.14 -3.31 12.00 n = 4,926

Within 0.75 -4.16 8.74 T-bar=7.19

Specialization  Overall 0.85 0.22 0.10 1.00 N =35,423
of Between 0.18 0.16 1.00 n=4,926
Production Within 0.10 0.18 1.53 T-bar=7.19
Product Overall 2.12 1.93 1.00 42.00 N =35,423
Range Between 1.45 1.00 35.05 n =4,926
Within 0.73 1.00 17.36 T-bar=7.19

Notes. All variables are logged values except the specialization of production and product range.
Between Std. Dev. indicates the variation of average values over years and Within-Std. Dev. indicates
the variation from the overall average at a given year. There are 35,423 observations, 4,926 firms and
average of 7.19 producing years production per firm over the 1989 — 2009 periods. Revenue is deflated
by sector’s Producer Price Index.
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Table 2.2 reports the number of firms, average product range and average the
specialization of production by time. The total number of firms has increased from
334 to 2,060 during the sample period, and 144 firms were present throughout the

sample period.

TABLE 2.2 Firms, Product Range and Specialization of Production
Year 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009

1. The number of Firms

Single 107 252 517 767 755 811 885 1,235 1,305 1,206 1,005
Firms Multi 227 383 645 785 818 925 908 1,159 1,211 1,233 1,055
Total 334 635 1,162 1,552 1,573 1,736 1,793 2,394 2,516 2,439 2,060

2. Average Product Range with and without Single Product Firms

With Single Product Firms  3.21 259 229 213 217 215 209 197 199 207 213

Without Single Product

Firms 426 3.63 3.33 3.24 3.26 3.16 3.15 3.00 3.06 3.11 3.21

3. Average Specialization of Production with and without Single Product Firms
With Single Product Firms 0.79 0.82 0.83 0.84 0.84 0.85 0.85 0.87 0.86 0.86 0.85

Without Single Product
Firms

Notes. This table shows the average statistics of firms, specialization of production and product range.
Row 1: summaries the number of firms by year. Single indicates single-product firms and Multi
indicates multi-product firms. Row 2: summaries the average number of products per firm. Row 3:
shows the degree of concentration in production over products. The specialization of production ranges
from 0 to 1.

0.69 0.71 0.69 0.69 0.69 0.72 0.71 0.72 0.72 0.72 0.71

The share of single-product firms has also increased from 32.0% in 1989 to 48.8% in
2009. Note that the share of single-product firms is relatively smaller than that in the
United States. For example, Bernard, Redding and Schott reported that the share of
single-product firms is 61% during 1987 to 1997 in U.S. In India, the average product
range varies between 1.97 and 3.21, but the average specialization of production
varies between 0.79 and 0.87. Regardless of the inclusion of single-product firms, the

trend in both variables is identical. This highlights specialization of Indian firms’
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production toward particular products. Work by Melitz (2003), Mayer, Melitz and
Ottaviano (2011) and Bernard, Redding and Schott (2011) pointed out that firms tend
to reallocate their resource toward particular products in response to intensifying
competition following trade liberalization.

Table 2.3 and 2.4 summarize the share of firms by changes in product range and
the specialization of production. On average, 15.2% firms change their product range
during the sample period. This means that firms are more likely to change their
specialization of production than product range.

TABLE 2.3 Changes in Product Range
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

1. The Share of Firms by Changes in Product Range, %

-5+ 0.2 0.2 0 0.1 0.1 0.1 0.2 0 0.1 0.1
-4 0 0.1 0.1 0.1 0.1 0 0.1 0 0.1 0
-3 0.4 0.5 0.6 0.4 0.3 0.3 0.2 0.3 0.2 0.1
-2 1.0 1.0 0.6 0.8 0.8 1.2 0.9 0.5 1.0 0.9
-1 3.5 51 4.6 6.0 6.0 6.7 6.1 51 4.7 5.7
0 478 550 577 729 697 765 630 746 787 791
1 5.4 7.3 7.4 7.6 7.8 5.5 5.9 6.8 6.9 7.1
2 0.6 11 1.7 1.8 15 0.7 11 0.9 1.6 1.2
3 0.2 0.4 0.6 0.4 0.3 0.2 0.2 0.2 0.4 0.1
4 0 0.2 0.1 0.1 0 0.1 0.1 0.1 0.1 0.1
5+ 0.2 0.1 0.1 0.1 0.1 0 0.1 0.1 0 0.1

2. The Share of New Born Firms, %
New Firms 40.7 29.0 26.5 9.7 13.3 8.7 22.1 11.4 6.2 5.5
3. Total Number of Firms

Total Firms 518 826 1443 1572 1,683 1,726 2,132 2,494 2494 2341

Notes. Row 1: summarizes the share of firms by changes in product range. The first column shows the
changes in product range, and the other columns show corresponding shares of firms by %. The value -
1 in the first column indicates a firm reduces a product range by -1 compared to previous year product
range. Row 2: summaries the share of the newly establishing firms. The sum of Row 1 and Row 2 is
100 %. Row 3: shows the total number of firms by year.
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1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
1. The Share of Firms by the Specialization of Production, %
-0.8~-0.7 0.2 0 0 0.1 0 0 0 0 0 0.1
-0.7~-0.6 0 0.1 0.1 0.2 0.1 0 0.1 0.2 0 0
-0.6 ~-0.5 0 0.2 0.1 0.2 0.2 0 0.1 0.2 0.1 0
-0.5~-04 0.2 0.7 1.0 0.6 0.8 0.5 0.3 0.7 0.8 0.4
-0.4~-0.3 0.2 1.2 0.8 0.9 0.8 0.9 0.7 0.7 0.7 0.6
-0.3~-0.2 1.0 0.7 2.3 1.7 1.4 13 1.7 0.9 1.7 0.9
-0.2~-0.1 2.3 3.3 4.2 4.1 3.6 2.7 2.6 3.0 3.0 3.7
-0.1~0 160 184 163 193 184 201 156 175 195 207
0~01 351 431 433 578 548 605 509 600 632 627
0.1~0.2 2.7 2.2 2.9 25 35 3.0 31 3.0 25 2.6
02~0.3 0.6 0.5 1.2 15 2.0 11 13 11 11 1.4
03~0.4 0.4 0.2 0.6 0.6 0.5 0.6 0.8 0.6 0.6 0.6
0.4~0.5 0.6 0.3 0.5 0.6 0.5 0.3 0.5 0.5 0.4 0.6
0.5~0.6 0 0 0.2 0.2 0.1 0.2 0.1 0.2 0.1 0.1
0.6~0.7 0 0.1 0 0 0 0.1 0.1 0 0.1 0.1
2. The Share of New Born Firms, %
New Firms ~ 40.7 29.0 265 9.7 133 87 221 114 6.2 5.5
3. Total Number of Firms
Total Firms 518 826 1443 1572 1,683 1,726 2,132 2494 2494 2341

Notes. Row 1: summarizes the share of firms by changes in the specialization of production. The first
column shows the range of changes in the specialization of production, and the other columns show
corresponding shares of firms by percentage. The range of -0.8~-0.7 in the first column indicates a firm
reduces its specialization of production by the value between -0.8 and -0.7 as compared to the previous
specialization of production. Row 2: summaries share of the newly established firms. The sum of Row
1 and Row 2 is 100 %. Row 3: shows the total number of firms by year.

Table 2.5 shows the correlation between product range and the specialization of

production. Mayer, Melitz and Ottaviano (2011), and Bernard, Redding and Schott

(2011) did not distinguish these two variables explicitly because they show identical

information. The VIF between product range and the specialization of production is

1.86 which is smaller than 5; the R-square is 0.46, and the correlation coefficient is -

0.68. These two variables are negatively correlated, but one variable only explains the

half of the other variable.
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TABLE 2.5 Correlation Diagnostic between Product Range and the Specialization of

Production
Correlation Coefficient Tolerance R-Squared
-0.68 0.54 0.46

2.5 Results
This section documents the estimation results of production function and the testing
results of two hypotheses about the behavior and structure of multi-product firms.
First, the estimation and results of the Cobb-Douglas production with CES preference
is outlined. Then, calculated (unobserved) TFP from estimating the production
function is discussed. Next, this section examines the relationship between TFP and
revenue, the specialization of production and product range. Finally, the link between
intra-firm resource reallocation and multi-product firms’ TFP is estimated. Those
hypotheses, as noted earlier, are drawn from work by Bernard, Redding and Schott

(2011) and Mayer, Melitz and Ottaviano (2011).

2.5.1 Production Function with Sectors’ Total Demand and Intra-firm Resource
Reallocation

The Cobb-Douglas production function with CES preference in equation (9) is

specified with the following variables: deflated revenue, capital, material, sectors’

total demand, and intra-firm resource reallocation (the number of products and the

specialization of production). Fixed effects for product-group and for year are applied

and all variables are in logs except fixed effect terms.
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Table 2.6 reports estimation results of the production function with sectors’ total
demand and intra-firm resource reallocation. | compare this estimation results with a
few baseline specifications. Approach | denotes the general revenue production
estimation [column (1)]. Approach 11 denotes Loecker’s (2011) specification [column

(2)], Approach 111 denotes our specification [column (3)].

Table 2.6 Estimates of Production Function with Sectors’ Total Demand and
Intra-firm Resource Reallocation

Coefficients On (1) Approach 1 (2) Approach 11 (3) Approach 111
Capital 0.1008*** 0.0704*** 0.0669***
P (0.0020) (0.0019) (0.0021)
Labor 0.3308*** 0.3312%** 0.3394#***
(0.0023) (0.0023) (0.0024)
. 0.5871*** 0.5783*** 0.5751%**
Material (0.0021) (0.0020) (0.0021)
Specialization
. 0.070*** 0.1228***
of Not included
Production (0.0088) (0.0135)
. . 0.1471%**
Product Range Not included Not included (0.0082)

Sector’s Total
demand Not included All positive*** All positive***
(9 sectors)
Fixed effects of

Products and Included Included Included
Year
No. of obs 35,423 35,423 35,423

Notes. The dependent variable is the deflated revenue. The dependent variable is the deflated revenue.
Capital is deflated by sector-specific Whole Sale Price Index (WPI). Labor is the number of employees.
Material is deflated by primary article index in WPI. Approach I in column (1) is the results from the
general revenue production function where only capital, labor and material are consider. Approach Il

in column (2) is the results from Loecker’s (2011) specification where the revenue production function
is estimated with inputs, sectors’ total demand and the specialization of production. Instead product
range, the specialization of production is used because I relax the assumption that inputs are evenly
spread across products by the inverse of the number of products within a firm. Approach 111 in column
(3) is the results from our specification where the revenue production function is estimated with sectors’
total demand, the specialization of production and product range. Standard Errors are in parentheses.
**x %% and * indicate significance at the 1%, 5% and 10% level, respectively.
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Columns (1)-(2) show the estimation results from other specifications. Column
(1) shows the estimation results from the general revenue production function where
the specialization of production, product range, and sectors’ total demand are not
considered. All estimates in column (1) are biased due to price effects in revenue are
not controlled. Note that coefficients in column (1) are not weighted by the elasticity
of substitution.

Column (2) shows the estimation results from Loecker’s (2011) specification
where only the specialization of production is considered as a measure of inputs
allocation to each product within a firm. In his paper, Loecker assumes that inputs are
equally allocated to each product at the ratio of the inverse of product range, and so
he uses product range as a measure for inputs allocation to each product. However, |
relax this assumption and use the specialization of production as a measure of inputs
allocation to each product.

Column (3) shows the estimation results from our specification, where both
product range and the specialization of production are considered. The estimation
result shows that revenue is affected by technology (three inputs), allocation of inputs
to products (the specialization of production) and internalized demand linkage
(product range). Both skewing production toward a particular product and expanding
product range increase revenue. The specialization of production represents the way
to allocate inputs across products. As a multi-product firm skews inputs toward a
particular product, the firm’s aggregated production increases due to returns to scale.
At the same time, however, price of the particular product decreases as its supply

increases. Positive sign on the specialization of production implies that revenue
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increase from the supply enlargement is bigger than revenue decrease from the price
reduction, and as a result, a multi-product firm’s aggregated revenue increases as the
firm increases the specialization of production. Expanding product range could take
demand away from the existing product(s) within a firm due to cannibalization effects.
However, positive sign on product range implies that cannibalization plays a
significant role for multi-product firms, and that expanding product range ultimately
leads increase in aggregate revenue because consumers’ recognition to the firm is
sufficiently favorable.

The coefficients of inputs and sectors’ total demand in column (2) are not biased,
even though Loecker’s (2011) method does not consider the internalized demand
linkage of multi-product firms, because all coefficients are estimated by the moment
condition in equation (17), where all variables are independent from productivity
shocks. In this case, however, the effects of product range on revenue would be
included in TFP because TFP is calculated by subtracting the explanatory part by
considered independent variables from revenue.

Table 2.7 reports that detailed estimation results of sectors’ total demand, S,

implied elasticity of substitutions and calculated markups. | allow the elasticity of

substitution vary by sector. Note that the implied elasticity is calculated by o, = —ﬂi.

The estimation result shows that the elasticity substitutions vary between -9.4162 and
-4.3459 in Approach 11, and that agricultural sectors (sector 0 and sector 4) are
relatively inelastic. The returns to scale can be calculated based on the results in

Table 2.6 and 2.7. The returns to scale vary by sector. In Approach 111, Mineral Fuels
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sector has y = 1.1166 which is the lowest returns to scale, and Animal and vegetable

oils sector has y = 1.2747 which is the largest returns to scale.

Table 2.7 Estimates of Sector’s Total Demand Parameters

(1) Approach 11 (2) Approach 111
Demand . Implied . Implied
Controls Coefficient  IMPlied Markup Coefficient Implied Markup
(B.o) Elasticity i (B.o) Elasticity p
sq s sq s
(05) (1 + as) (05) (1 + as)
1 *kk *kk
Z‘m:&dé:'g; 0((1)%%418) 59382 1.2025 0&3%10718) 5503 1.2220
*kk *hk
.'?g‘éggi%eé:‘i) 0((1)%%435) 6.6480 11770 0&32%33 y 68353 1.1714
1 *hKk *kk
(csrzuge Materia 0((1)%70918) 92678 11210 0&8%%518) -9.0498 1.1242
1 * kK *kk
?f;g’;ra' Fiels 0&8%%021) -10.6383  1.1038 O(é%%zzl) 94162 11188
Animal and ok o
Vegetable Oils 0(5%%839) 42589 13068 0{5%%139) -4.3459 1.2989
5ol . .
Chemicals and o o
Related 0{3%10011) 76336 11507 0{3%%111) -7.4019 1.1562
Products (s=5) ' '
*kk *kk
g’(')%%‘;fﬁg‘é;ed 0((1)%%%9) 77160 1.1489 0&8%50509) -7.3801 1.1567
Machinery and
Transport 0.1305%** 0.1346%**
Equipment (ool 76628 11501 ool 429 1.1555
(8=7)
Miscellaneous . -
Manufactured 0{3%%015) 74627 11547 O(é‘t)%ols) -7.1429 1.1628
Articles (s=8) ' '
Other Trans o
Actions and 0{3%%‘28) 59382 12025 (8' (13225) 5.6433 1.2154
Goods (s=9) ' '

Notes. This table shows the detailed estimation results of sectors’ total demand in the revenue
production function. All variables are logged. Approach Il in column (1) is the results from Loecker’s
(2011) specification where the revenue production function is estimated with inputs, sectors’ demand
and the specialization of production. Instead product range, the specialization of production is used
because I relax the assumption that inputs are evenly spread across products by the inverse of the
number of products within a firm. Approach 111 in column (2) is the results from our specification
where the revenue production function is estimated with inputs, sectors’ demand, the specialization of
production, and product range. Standard Errors are in parentheses. ***, ** and * indicate significance

at the 1%, 5% and 10% level, respectively.
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There is no significant difference between Approach Il and Approach 111 since both
method use the moment condition. Implied markups vary between 1.1188 and 1.2989.
As discussed above, implied markups play a role in calculating TFP because all
coefficients in Table 2.6 are weighted coefficients by the markups. In order to recover

the original TFP, calculated TFP is weighted by markups as in equation (18).

2.5.2 Calculation of Productivity
TFP is calculated by equation (18). Instead of including fixed effects for product-
group and times in the revenue production function, those are included in the
productivity determination process due to practical implementation problems. After
estimating the revenue production function, fixed effects terms are subtracted from
fitted revenue to recover TFP.

Figure 2.1 shows the distribution and trends of logged TFPs from different
approaches. The distribution is represented by the shape of the box and the length of
two lines. It looks that the lengths of upper and lower lines are quite similar, but this
means that TFP is widely spread on upside because TFP is in logged values. Figure
2.1 also shows TFP from Approach 11 is larger than that from Approach I11. The gaps
between these two TFPs vary by year. The gap was 0.1919 in 1990 and it was
decreased to 0.1196 in 2002 which is the lowest value throughout the data period.
Then, it rose to 0.1226 in 20009.

TFP from Approach Il is overestimated due to the omission of product range in
the revenue production function. Product range is added to the revenue production

function to account the cannibalization effect of multi-produce firms. Table 2.1 shows
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that the coefficient of product range is positive and statistically significant. If the
product range is not considered in the revenue production function, then the effect of
the product range would be included in TFP because TFP is calculated as residuals
after estimating the production function. Approach Il yields larger TFP because it
does not account the cannibalization effect in the revenue production function. The

size of overestimation varies as product range changes.

Figure 2.1 Distribution of Total Factor Productivity (1989-2009)

90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09
||:| TFP Approach Il [[Z0] TFP Approach lll

excludes outside values

2.5.3 Analyzing the Effect on Intra-firm Resource Reallocation on Productivity
Next, this chapter explores the impact of intra-firm resource reallocation on TFP as in
Hypothesis I,

Hypothesis I. Concentrating production system increases multi-product firms’
productivity, while diversifying it decreases productivity, i.e.
Discontinuing a product and (/or) skewing production toward a
particular product increase a firm’s productivity, while adding a product
and (/or) equalizing the production of all products decreases productivity.



36

Hypothesis I reflects the research questions in emerging literature: Eckel and Neary
(2003), Bernard, Redding and Schott (2011) and Mayer, Melitz, and Ottaviano (2011).
However, | do not have to implement an additional estimation to test Hypothesis I,
since the productivity determination process as in equation (8) already embeds it.

Table 2.8 reports the estimation results of the productivity determination process.
It has the log-linearized form, and so the coefficients are interpreted as elasticity,
Coefficients are interpreted as percentage changes because the productivity
determination process assumes a first-order Markov process. Approach 111 shows that
previous TFP accounts about 86 percent of current TFP, that TFP increases at a
constant rate by 1% every year, and that changes product range has account about -1%
of TFP. The specialization of production has insignificant effect on TFP, and its
support covers negative and positive ranges as well. However, Approach Il shows the
different results that both the specialization of production and product range have
insignificant on productivity. This is due to that Approach 11 does not single out the
effects of product range which is multi-product firms’ internalized demand linkage,
when it measures TFP using the revenue production function. The results in Table 2.8
also demonstrate that controlling for the multi-product firms’ internalized demand
linkage is crucial to measure unbiased TFP. Otherwise, TFP from Approach Il is
more likely to be overestimated and the effect of product range on TFP is likely to be
distorted.

The results in Table 2.8 partially confirm the Hypothesis I. | find that only
changing product range has an impact on productivity and skewing production does

not. As in Table 2.8, skewing production has an impact only on revenue. Our findings
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corroborate the debates in the recent literature: work by Eckel and Neary (2003) and
Mayer, Melitz and Ottaviano (2011). Both studies suggest that expanding product
range has negative effects on productivity. However, our finding is partially confirms
the finding in Bernard, Redding and Schott (2011). Bernard, Redding and Schott
(2011) suggest that both the specialization of production and product range have

significant effects on productivity.

Table 2.8 Impact of Intra-firm Resource Reallocation on Productivity

Coefficient on (1) Approach 11 (2) Approach 111
. 0.8729*** 0.8688***
Previous TFP (0.0026) (0.0027)
. o -0.0034 -0.0058
Previous Specialization (0.0038) (0.0037)
- - *kk
Previous Product Range (8 88227) 0(8(1)?)723)
0.0297*** 0.0174
Constant (0.0011) (0.0012)
No. of obs 30413 30413
Adjust R? 0.79 0.78

Notes. This table examines the productivity determination process. It exploits calculated TFP as a
residual after generating the Cobb-Douglas production function with sectors’ total demand, the
specialization of production and product range. Approach Il in column (1) is the results from Loecker’s
(2011) specification where the revenue production function is estimated with inputs, sectors’ total
demand and the specialization of production. Instead product range, the specialization of production is
included because I relax the assumption in Loecker (2011) that inputs are evenly spread across
products by the inverse of the number of products within a firm. Approach Il in column (2) is the
results from our specification where the revenue production function is estimated with inputs, sectors’
total demand, the specialization of production and product range. All variables are logged. Standard
Errors are in parentheses. ***, ** and * indicate significance at the 1%, 5% and 10% level,
respectively.

2.6 Conclusion
| propose an approach to estimate unbiased TFP of multi-product firms and examine

the behavior and structure of multi-product firms by establishing two hypotheses
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using a rich database on Indian firms. | find that TFP is likely to be over-estimated
when the revenue production function is estimated without considering multi-product
firms’ internalized demand linkage because TFP contains the effects of multi-product
firms’ internalized demand linkage in it. | also find that firms’ productivity does not
depend only on a firm’s technology usages, but also intra-firm resource reallocation.
TFP increases with reducing product range. | confirm that TFP is the major source
explaining different revenue, profit, product range and production combination across
firms. More successful firms produce more output

These findings have three main implications. First, firms indirectly optimize
productivity through intra-firm resource reallocation to maximize profit. Second,
productivity is the major source explaining multi-product firms’ production and
export status. Finally, multi-product firms’ productivity could increase soon after
receiving export status because they reallocate resources toward a newly exporting

product.
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3 Multi-Product Firm, Firm-level Gravity and Self-Selection

3.1 Introduction
A substantial body of literature in international trade economics has analyzed the
determinants of trade flows between countries. One of the prominent methods in
international trade economics is the gravity equation, which predicts that the bilateral
trade between two countries is proportional to their economic size and trade
resistance. The strength of the gravity equation is in its simplicity and goodness of fit
to the empirical data. The gravity equation is relatively easy to derive, and fits well
with most trade flows in empirical analysis. The gravity equation has estimated
border effects, the home market effects, and the impact of trade resistance including
distance, tariffs and language on trade flows.

The first theoretical derivation of the gravity equation is from Anderson (1979).
Helpman (1987) then shows that trade flows between two countries of similar size are
larger than those between different country sizes. McCallumn (1995) compares the
trade flows between Canadian Provinces to those between Canadian provinces and
U.S. states. Anderon and Wincoop (2003, 2004) use fixed effects to account for the
price effects in the gravity equation, and provide the standard model in empirical
analysis. Helpman, Melitz and Rubinstein (2008) propose the estimation strategy to
analyze the trade flows considering zero trade flows. However, most empirical works
with the gravity equation analyze country-level bilateral or multilateral trade flows
using aggregated trade data at country-level or at most industry-level (I refer to this as

the country-level gravity equation).
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Presently, as firm-level data becomes available, studies in international trade
dominantly adopts the Melitz-type heterogeneous firm model to analyze the impact of
trade liberalization on the economy, and the heterogeneous response of firms to trade
openness. The strength of firm-level data is the rich information compared with
country- or industry-level aggregated data. With firm-level data, the Melitz-type
heterogeneous firm model gives plenty of economic insights such as the threshold
productivity to export, and the shift of a threshold in response to trade liberalization.
However, the heterogeneous firm model is too mathematically complicated to derive
the model. In contrast, the gravity equation is relatively simple to derive the model,
and it describes the trade flows well in empirical analysis.

The objective of this chapter is to first develop a new framework of a firm-level
gravity equation with the presence of multi-product firms. Drawing on the theory of
multi-product firms employed in chapter 2, | derive an equilibrium condition relating
total demand and total production of multi-product firms. The equilibrium then allows
me to examine export behavior of multi-product firms using a firm-level gravity
equation. Alongside, | also estimate an aggregate gravity equation to compare results
with those from the firm-level analysis.

For empirical analysis, | use data on Indian firms’ export by exporter and
destination from 1997 to 2002. | match this export data with Indian firms’ balance
sheet (production) information. Then, | combine these with physical distance, tariffs,
and the average value of and the variance of the exchange rate to construct the firm-

level gravity equation. Helpman, Melitz and Rubinstein (2008) emphasize the
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importance of controlling zero export flows. | estimate the firm-level gravity equation
via Instrumental Variable Tobit (I Tobit).

The remainder of this chapter is organized as follows. The next section models
the firm-level gravity equation from CES preference and a Cobb-Douglas production
function in the presence of multi-product firms. Section 3 provides the estimation
strategy and specification issues in estimation. Section 4 describes the data. Section 5

provides results. Section 6 concludes.

3.2 Model
I assume that firms are heterogeneous in terms of productivity and that varieties (or
products) are horizontally differentiated by attributes of products such as a brand
name, age of a brand, quality and the way to utilize preference (or purpose of a good).
Firms can produce multiple products, but they can supply only one product to a
corresponding variety. Within a firm, products are identical in terms of productivity

which is a firm’ productivity, but they have different attributes.

3.2.1 DEMAND
Consumers in each country have identical preference. As mentioned above, all
products are horizontally differentiated in terms of attributes. Consumers in country f
at time t have a homogeneous utility function satisfying CES preference on a

continuum of variety v,

g

gt+1 o+1
W) U] = (fyepr al @) 7 dv)™
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where V7 denotes the set of varieties available in country f; q{ (v) denotes demand
on variety v at time t; and o denotes the elasticity of substitution. The elasticity of
substitution is assumed to be identical across countries and o < —1. The budget

constraint in country f at time t is given by,
() E/ = J,c,r ol @) q] W)dv

where Etf denotes total expenditure in country f at time t; pf (v) denotes price of

variety v at time t. Utility maximization gives the demand function on variety v,

f o f
f _ (e E
@ alw)=(27) %,

t

where the aggregated price index in country f at time t is given as

1

B =l (o[ @) ]

3.2.2 Trade Resistance
I assume iceberg-type trade resistance between countries. The price of variety v in

each country is equalized as the following,

(4) p{ @) = 7/ Pl ()
where pf'(v) denotes the price of variety v produced in origin h; pf (v) denotes the
price of the product in destination f; rff denotes iceberg-type trade resistance from
origin h to destination f at time t. Note that domestic trade resistance is 7" = 1. In

the presence of trade resistance (rff > 1), the aggregated price index in destination f

is rewritten as,
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3.2.3 Firm-level Demand
In this section, | show the way to calculate a multi-product firm’s total demand.
Firstly, I introduce a product’s demand from destination f. Then I calculate a multi-
product firm’s demand from destination f by aggregating a product’s demand from
destination f. Using the multi-product firm’s demand from destination f, I calculate a
multi-product firm’s total demand from the all the destinations.
From equation (3), product v of firm j in country h faces export demand from

country f given by,

5f

R R\ ©
hf 7, (W) E _ pt tw)
© alf ) = (L) £ - (k) o

f
where Qf denotes the aggregated market demand in destination f at time t, Q[ = % I
t

assume that trade resistance is identical regardless of type of varieties,
so, 77/ (v) = 7/ for v € Vi where ;] denotes the set of products produced by

multi-product firm j. A multi-product firm’s total demand from destination f is given

as the following,

D 0l =200 4 ) = T,y (22) 0f = (%) 0 (3,05 2.
Equation (7) shows that the size of export demand from destination f on multi-
product firm j is determined by trade resistance to destination f, aggregated price
index in destination f, aggregated market demand in destination f, and the sum of

products’ prices to the power sigma at the origin (I define the sum of products’ prices



44

to the power sigma as multi-product firm’s price index). However, the aggregation of
a product’s demand into a multi-product firm’s demand does not require the product’s
symmetric export assumption meaning that product within a firm is exported by the
same amount. In fact, the share of the individual products’ export is determined by

the ratio of prices at the origin which is the ratio of equation (6) and (7),

Uil = ()" Solving equation (7) for ), f(ph(v))'f gives
;T r s whe)” vev! (Pt ,
jt

-0

(8) Zvevf(pf (v)) = q]t <Pf) of -

Q
Here, | make an additional assumption that the set of exported products is

identical across destinations, Z{ =V for f = {1, ..., F}. Then, the multi-product

firm j’s total demand from all destinations is given as,

9) q% =X {q}/}
=%, {<P%ff)a Q! Zoe, (1t (v))a}

= (Zoer, (P2 @) ") Zhes {(—ff) % } |

Equation (9) implies that a multi-product firm’s total demand is the function of multi-
product firm’s price index, trade resistance, aggregated price index and aggregated
market demand. In equation (8), | know that the multi-product firm’s price index can
be expressed as the function of variables in trade. By substituting equation (8) into
equation (9), I can decompose the multi-product firm’s total demand in equation (9)

into bilateral and multilateral relationships as the following,



©)) qu'lt = (Zvevjt (p?(v))") Z?=1 {(%)J Q{}
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For convenience, | replace the sum of multilateral resistance to the power sigma,

- (Tf ) @/, with (11)”, which is referred to as outward multilateral resistance

the traditional country-level gravity equation. Note that Ptf is referred to as inward

multilateral trade resistance.

3.2.4 Firm-level Production
Each firm can produce multiple products, V;., and corresponding physical outputs is
supplied as much as demanded from all the destinations in the world. As mentioned
above, multi-product firms can produce multiple products, but they can supply only
one product to each corresponding variety. Homogeneous technology and common
input prices across products are assumed. As mentioned above, | also assume that
firms are heterogeneous in terms of productivity, but products are differentiated in
terms of attributes such as brand name, age of brand, quality and a purpose of a
product. Within a multi-product firm, products are homogeneous in terms of

productivity which is identical with a firm’s productivity, but are heterogeneous in

45
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terms of attributes. These assumptions imply that a firm’s productivity determines a
product’ the physical output.
Multi-product firm j’s has a standard Cobb-Douglas production function given by,
(10) qsje = f(Kijer Lije- Mije) exp(@je) = (Kije) ™ (Lije) ™ (Myje) " ex p(@se) ,
where q;;, denotes product i’s physical output in multi-product firm j at time t;
f(Kije, Lije, My ) denotes production from the homogeneous technology; K¢, Lije,
and M., are product i’s input use of capital, labor and material, respectively; and
@ ;¢ denotes firm j’s productivity of firm j and all products within a firm share the
firm’s productivity.

I adopt the concept of “a product’s input share,” which is introduced by Loecker
(2011) to aggregate the product-level production function to firm-level production
function. A product’s input share is the ratio of product i’s input usage to firm j’s total
input usage, where a;;; = I:jt = 2ut = it gng Zievjt a;jr = 1. This input share

je  Lje  Mje

assumption implies that there is no input synergy effect between products; this is
referred to as input separability.
With the product’s input share, product i’ production function by firm j is

rewritten as,
(11) qije = f(KijtrLijtrMijt) ex P(fﬂjt)
= (Kije) ™ (Lije)™ (Myje) ™ ex p(o;¢)
= (ayjeKie) “(agjeLse) " (agjeM;e) "exp(@)e)
= aiyjt(Kjt)ak (Lie)™ (M) " exp(@)¢)

where y = a;, + a; + «a,, denotes the returns to scale of technology.
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The multi-product firm’ total production is given as the following,
(12) qjt = i qijt
a a am
= Xiaf; (Kie) (L) (M;e) "exp(e)e)

= (Kie) ™ (Lje) " (M) ™ exp(eye) Tl

14

where the specialization of production, };; Ajjes which reveals how a multi-product

firms allocates its inputs across products and it also shows multi-product firms’
concentration level in production (I define this term as specialization of production).
With increasing or decreasing returns to scale technology, y # 1, the specialization of
production has the distinct feature that it has the largest value when one product
within a firm is dominantly produced over all other products, and it has the lowest
value when all products within a firm are evenly produced.® With increasing or
decreasing returns to scale technology, the term of the specialization of production
implies that multi-product firms lose its efficiency as they produce multiple products.
However, with constant returns to scale or for a single product firm, (y = 1 or

Qije = 1), the specialization of production does not play any role in production
function.

There are multiple features that the production function of multi-product firm
should consider: economies of scale, economies of scope, and the effect of within
firm resource reallocation (which I define this term as intra-firm resource
reallocation). Economies of scale is captured by returns to scale in the production
function, y. Economies of scope is not considered in this chapter due to mathematical

convenience and the input severability assumption in the production function. The

® It has been known that returns to scale is little bit greater than one, in general. See (Loecker, 2011; )
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effect of within firm resource reallocation (or intra-firm resource reallocation) is

captured by the specialization of production.

3.2.5 Equilibrium
At equilibrium (under the market clearing condition), a multi-product firm’s total
demand is equal with a multi-product firm’s production. By combining the multi-

product firms’ total demand and supply, the equilibrium condition is given by,

Thf I a a am
@) 0 7 () = )™ () () " explye) Baal
t

p/nh

The equilibrium condition, equation (13), shows the relationship between trade and
production variables, and how to rearrange it depends on economic theory and
econometric efficiency. In international trade economics, there are two hypotheses
explaining the relationship between trade liberalization and productivity: self-
selection and learning-by-Exporting. The self-selection hypothesis implies that high
productivity firms self select to export, and there is no feedback effect from export to
productivity. The learning-by-Exporting hypothesis, however, implies that firms learn
from exporting, and the empirical data shows that a firm’s productivity is
dramatically improved after attaining exporter status.

In this chapter, | consider the self-selection hypothesis only, and the learning-by-
exporting hypothesis is tested in the following chapter. As mentioned above, the self-
selection hypothesis points out that high productivity firms self-select to export and

the size of export is determined by the magnitude of an exporting firm’s productivity.

hf

The self-selection hypothesis leads us to solve equation (13) for export flows, g, ,

and it gives the firm-level gravity equation,
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g g

14 a3 = (K Ly e (o) (e )0 (27) = e (22)

where f(Kje, Lie, Mje)ex p(9)t;) (Xi al;,) = q; from equation (12).
The functional form of the firm-level gravity equation, equation (14), is almost
identical to the country-level gravity equation where multi-product firm j’s export to

destination f is determined by the economic size of trading partners, bilateral trade
resistance and multilateral trade resistance. Multilateral trade resistance, /1/; and Ptf :

capture outward and inward multilateral resistance, and these two terms reflect the
fact that relative trade costs across countries matter in trade.

Equation (14) shows the relationship between multi-product firms’ exports and
other variables. Differentiating equation (14) in terms of technology gives the

relationship between technology and export volume,

o

hf
af() = exp(‘ﬂjt) (Zia Ut)Qt (nhpf) > 0.

Equation (15) shows that technology improvement increases the export of firms.

(16) 4= FO)(3, )0/ (- ) > 0.

dex p((pjt) ntp/
Equation (16) confirms the self-selection hypothesis by which productivity is the
major source determining firms’ export status and the volume of the export. It also
shows that high productivity firms export more than low productivity firms.

With increasing returns to scale technology,

o

hf hf
A7) 752 y = exp(of) Q! ( hpf) > 0.

Equation (17) shows that specialization in a particular product increase the total

export of multi-product firms.
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hf o
(18) 225 = F(5 Lye M)exp(olt) (Bea) (2) > 0.

nhPf

Equation (18) shows that firms export more to richer destination.

hf o—1 g
(19) q]t = Uf(Kjt'th'M t)exP(‘PJht) (Zi a}/jt)Q{(T;lf) <n£11Ptf) <0

where ¢ < —1 . Equation (19) shows that an increase in bilateral trade resistance redu
ces exports to that destination. All effects from equation (15) to (19) are exactly identi
cal as in the country-level gravity equation, but the effect in equation (17) is the new f
inding of the firm-level gravity equation. In the first chapter of this thesis, | find that
multi-product firms in India gradually specialize their production and become a single
product firm. However, the reason of specialization is not known. Goldberg, Khandel
wal, Pavcnik and Topalova (2010) claims that trade liberalization does not have a imp
act on the number of products a firm produces. In this chapter, equation (12) shows th
at as a firm expands the number of products, inefficiency in production increases and
the firm-level gravity equation, equation (17), shows that as multi-product firms speci
alizes their production, they can export more. Note again that multi-product firms’ sp
ecialization plays role under IRS and DRS technology.

The quantity (or volume) based firm-level gravity equation in equation (14) can be
rewritten as the value based firm-level gravity equation. The firm-level gravity
equation by value is more appropriate for the empirical data because firms report their
export by value, in general, or there is the unit problem among products when

aggregating quantity by firm even though export quantity is available.®

° For instance, in the empirical data in this chapter, counts, weight, volume, length, pairs, and sets are
used as the unit (there are approximately 20 units in our data). However, export value has no
aggregation problem as long as it uses the same currency.
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By substituting equation (6) into rj';f (v) = p]htf (v)q]'.lf (v), the firm-level gravity

equation by value is the following™®,

1+0
o )
frh
P/ II{

@0) 1" = ek (
3.3 Data
3.3.1 Export and Production Data

This chapter uses Indian firms’ export transactions, matched to corresponding firms’
production dataset. As for export transactions, | use Tips Software Service’s database
(TIPS). Tips software service collects export transaction records from Indian Customs.
It classifies export data by 8-digit HS code with exporter name, date, product
description, export value, export volume, unit of volume, destination port and
destination from April 1997 to March 2002 (6 years). | can identify the exporting firm
with exporter name.™ There is another study that uses Tips Software Service’s
database. Goldberg et al. (2010) use the same database, but their study is about the
import side. Tips Software Service’s database is not a comprehensive database. It
covers 8-12 major seaports and air ports in India accounting for 50-60% of total
exports in India.

As for a firm’s total revenue, | use the PROWESS database (PROWESS) on
Indian firms over the 1997-2002 periods. By the Companies Act 1956, all Indian
companies are required to report their production information on capacity, unit-price,

output, input use, the number of products and revenue in their annual report. The

1% See Appendix I.
! Exporter name is not available after November 2004 by Indian Customs Notification No.128/2004.
Some exporter names are still available until March 2005 even though it is prohibited by the law.
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Centre for Monitoring the Indian Economy has collected firms’ annual report
information. PROWESS is not a comprehensive database as well and usually covers
mid- and large-size companies accounting 60-70% of overall firms in India. Work by
Goldberg et al. (2009, 2010a, 2010b), Topalova and Khandelwal (2011) and Loecker
et al. (2012) use the same database.

The match of production and export databases allow for the constructing
production and export relationship. However, there is an issue to match two databases.
Two databases are not perfectly matched because both databases are incomprehensive,
and the set of firms belongs to both databases is part of the databases (for which the
match rates are approximately 23.1% for TIPS and 27.0% for PROWESS)*. In
addition, about 80% of firms in PROWESS follow the fiscal accounting year from
April of one calendar year to March of the following year, while 15% of firms follow
the calendar accounting year from January to December of the same accounting
year.” So | firstly convert the firm following the fiscal accounting year to the
calendar accounting year, and then merge them with the firms following the calendar
accounting year. The conversion from the fiscal to the calendar accounting year is
implemented as in the following,

(21) Calendar accounting year t
= % Fiscal accoutnting year t + % Fiscal accoutnting yeart + 1 .

Two databases use the different classification code. TIPS uses 8-digit HS code to

classify export transactions and PROWESS uses 20-digit PROWESS code to define

*2 This means that 76.3% of firms in TIPS do not have corresponding production information in
PROWESS and 73% of firms in PROWESS are either non-exporting firms, or exporting firms
without export transaction records in TIPS.

Y 5% of firms are switching accounting years from the fiscal to the calendar or from the calendar to the

fiscal.
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sector a firm belongs to. | convert both codes to the Standard International Trade
Classification (SITC) to identify the sector a firm belongs to. Note that SITC defines
sector by 1-digit SITC code and contains 9 sectors.

Table 3.1 shows the evolution of the Indian export flows from 1997 to 2002 used
in this analysis. Two features stand out: first, export flows significantly decrease
during 1998-1999 due to economic crisis in East Asia; second, both the average
number of destinations by firm and the average export value by firm gradually
increase since 1999. As is evident from the table, I conclude that the growth of export

is driven not only by the increase in the average export value, but also mainly by the

average number of destinations by firm.

Table 3.1 Exporting Firms, Export Value and Destinations

Year

1997 1998 1999 2000 2001 2002
The Total Export Value 1.02 088 048 109 146 1.35
The Total Number of Destinations 76 82 82 92 91 98
The Total Number of Exporting Firms 328 342 306 395 386 388
"I:'ir;?nAverage Number of Destinations by 471 519 396 461 479 4.99
The Average Export Value by Firm 312 358 156 275 379 348
Observations 1,719 1941 1,882 2,084 2,140 2,181

Note. Export data used in this table is incomprehensive data. If export transactions do not have
corresponding production information, then they are dropped. The unit of the Total Export Value is
Billion Indian Rupee and of the Average Export is Million Indian Rupee.

3.3.2 Trade Resistance Data
A destination’s tariff data comes from the World Trade Organization’s Tariff
Download Facility. It provides the tariff rate through a 2-digit HS code (chapter-wide

average tariff rates) of most countries in the world (approximately 130 countries)
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from 1996 to the present. Each tariff rates of a destination is against all origin
countries in the world.

Table 3.2 shows sector-wide tariff rates from 1997 to 2002. The tariff rates in all
sectors gradually have decreased. Agriculture related sectors (Food and Live animals,
Beverage and Tobacco and Animal and Vegetable Oils) have relatively higher tariff

rates than other sectors.

Table 3.2 Sector-wide Tariff

Year
Sector
1997 1998 1999 2000 2001 2002
Food and Live Animals (s=0) 0.165 0.152 0.158 0.137 0.134 0.138
Beverage and Tobacco (s=1) 0.434 0.398 0.390 0.351 0.343 0.338
Crude Material (s=2) 0.075 0.079 0.073 0.070 0.059 0.062
Mineral Fuels (s=3) 0.062 0.065 0.058 0.052 0.047 0.048

Animal and Vegetable Oils (s=4) 0.136 0.130 0.126 0.117 0.107 0.104

Chemicals and Related Products
(s=5)

Manufactured Goods (s=6) 0.110 0.113 0.104 0.093 0.089 0.088

Machinery and Transport
Equipment (s=7)
Miscellaneous Manufactured
Avrticles (s=8)

The Number of Countries
included 76 82 82 92 91 98

Note. The tariff rate is average tariff rate against countries having export relationship with India.

0.095 0.091 0.081 0.074 0.067 0.066

0.101 0.096 0.087 0.081 0.075 0.069

0.147 0.130 0.132 0.122 0.118 0.117

As in Table 3.2, | observe that tariff rates significantly vary by sector, and construct a
sector-wide tariff rates by taking the weighted average of the chapter-wide tariff rates:

importéc

(22) Tariff] = Yeesi Tariff] x R

ZceS(c) import,
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where Tarif fsf denotes the sector-wide tariff rate of destination f by 2-digit SITC
code; Tarif fcf denotes the chapter-wide tariff rate of destination f by 2-digit HS

code; importf denotes total import value of destination f in chapter ¢; and S(c)
denotes the set of sector.*

I use a destination” GDP per capita from the World Bank’s World Development
Indicator." For distance, a destination’ population, border share, colonial link and
common language, | use the CEPII’s database on country specific distance which is
developed by Mayer and Zignago (2006). To measure consuming power of a
representative consumer in a destination, I use the destination’s GDP per capita, and
to measure the destination’s overall market size, | use the destination’s population.

For exchange rate, comprehensive data is not available. | make three groups
depending on the availability of the exchange rates. The exchange rate comes from
the Border of Governors of the Federal Reserve System.'® Exchange Rate | includes
35 countries of which the bilateral exchange rate are available (unit: destination’s
local currency/Indian Rupee (DLC/INRY)). Exchange Rate Il shows the average and
the variance of USD. Exchange rate information of other 65 countries in the data are
not available, and | assume that those countries use USD in export transactions.
Goldberg and Tille (2008) state that that exporting firms in developing countries can
invoice the export transaction in USD as an invoicing currency. Exchange Rate I11
includes both Exchange Rate | and I1. In empirical analysis, | mainly use exchange

rate I11I.

“ There are 96 chapters in HS code, and 10 sectors in SITC code.
> GDP per capita is measured by purchasing power parity (constant international dollars).
'*| use the nominal exchange rate
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Table 3.3 summarizes the movements in the GDP per capita and the exchange

rate. In 1999, the exchange rate in Exchange Rate | and 111 dramatically drops

because 10 countries in Europe started to use EURO as their major local currency.

Table 3.3 The Movements in GDP and Exchange Rate

Year
1997 1998 1999 2000 2001 2002
(1) gsféi‘;ei::geGDP 10,158.30 8,872.11 9,73420 8,804.80 9,133.46 9,195.19
(2) Exchange Rate |
Average 35235 367.83 17654  127.42 11035  105.17
Variance 572336 9,17620 257.36  171.78  82.44  369.43
Countries 35 35 35 35 35 35
(3) Exchange Rate Il
Average 2.75 2.42 2.32 2.22 2.12 2.23
Variance 0.006 0008 0000 0003 0006  0.001
Countries 65 65 65 65 65 65
(4) Exchange Rate 111
Average 149.95 14056  70.30 4577 4018  36.19
Variance 2,400.84 3469.06 100.43  59.75 2899  121.88
Countries 100 100 100 100 100 100

Note. (1) The unit of the Average GDP per Capita is constant price US Dollars. (2) The exchange rate
does not come from comprehensive database, and some country’s exchange rate is not available. 1
make three groups depending on the availability of the exchange rate. Exchange Rate | include the
bilateral exchange rate of the countries reporting their exchange rate (35 countries).(3) Exchange Rate
Il includes the countries not reporting the exchange rate for which USD is used as the bilateral
exchange rate of those countries (65 countries). (4) Exchange Rate 111 includes the both countries using
their own bilateral exchange rate and USD as the vehicle exchange rate (100 countries). The value in
parenthesis denotes the number of countries using the corresponding exchange rate. The unit of the
Exchange Rate I is (local currency/INR*100), of the Exchange Rate Il is (USD/local currency * 100),
and of Exchange Rate 11 is the both of Exchange Rate I and I1. In the empirical analysis, | use the
Exchange Rate I11. In 1999, 10 countries in Europe started to use EURO as their major local currency.

As a result, the exchange rate in 1999 dramatically drops in 1999.

3.4 Estimation Strategies

Our theoretical framework provides a justification for firm-level export flows. The

unit of empirical analysis is firm’s export by sector and by destination. By taking the

log on the right hand side of equation (20), the firm-level gravity equation is
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(23) . S]t = logr; +logEf+(1+as)logT +aloth+(1+a)long

hf

where firm-level export value, 7;,”

is approximated by firm-sector-level export value,

]t 17, Total expenditure, Elis approximated by GDP per capita of destination f.

S
Trade resistance, rff , include multiple factors: sector-wide tariffs, distance, and the

average and the variance of exchange rate.

The main estimable gravity equation is given by

(24) il = a, logr) + aglog E[ + B, log vl + 8;d; + 8d + 8,d, + €]

sjt
where o denotes the coefficients of the firm-level gravity equation as opposed to the
true parameters having unity as their value; S, denotes the estimated coefficients of

Be
|1+l

trade resistance, 6, = ff denotes stochastic components and is i.i.d. across

destination and time; outward multilateral resistance (11}*) is not considered since |

implement a one-to-multiple-country model; inward multilateral resistance (Ptf ) IS

captured by fixed effects for destination (d;); fixed effects for sector and time
(dy.d,) are included; and stochastic components (e,;) are i.i.d. across firms,

sectors, destination and time.

There are two estimation issues in this equation: endogeneity and zero export
flows. The correlation between export value and a firm’ total revenue occurs because
a firm’s total revenue increases when the firm’s export value increases, creating
correlation issues between export revenue and a firm’s aggregated revenue. In order

to address the correlation, | use capital as the instrumental variable for a firm’s total

'7 Firm-sector-level export value, and multi-product firm’s total revenue is deflated by the Indian
Whole Sale Price Index.
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revenue. | assume that capital is pre-determined at the beginning of the year and that
it is not adjustable in the short run due to high adjustment cost of the capital.
However, as a firm’s capital increases, firms’ revenue increases.™ The second issue is
the zero export flows. Literature analyzing export flows using the traditional gravity
equation encounters zero export flows problem because the gravity equation does not
consider the zero export flows, but there are lots of zero export flows in the empirical
data. Ignoring zero export flows could cause biased results in the estimation, and it is
not consistent with the empirical data (Helpman, Melitz and Rubinstein, 2008).
Alternatively, Tobit is used to handle the zero export flows problem. However, taking
the log of zero export value is not defended. I only take the log of the right hand side
of the equation (20), and the main estimable equation (24) becomes the level-log
equation, instead of the log-log equation.

Finally, I adopt Instrumental Variable Tobit (I Tobit) to handle the endogeneity

and the zero export flows problems.
(25) rsf;{* = a, log rj'tl + ag log Etf + ay logW; + §.(1 + o) log T;ltf

+8;d; + 8pd; + &

rf if ' >0

wherer;l =4t ©
0 if r; <0

The coefficients of the firm level gravity equation are denoted by a as opposed

to the true parameters having unity as their value. The null hypothesis, a, = 1 and

a, = 1. As for trade resistance, | can estimate 5,(1 + o) log r;lf . | then recover the

*® In empirical analysis, | use net fixed assets for capital and capital is deflated by a corresponding
sector’s the Indian Whole Sale Price Index. As for multi-sector firms, | use weighted average of
sectors’ Indian Whole Price Index.
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true parameters, &,, by making an assumption about the elasticity of substitution

(1+0,)as g, =—7.

3.5 Estimation Results
I begin by estimating the firm-level gravity equation estimated via Tobit. Then |
compare the estimation results from the firm-level gravity equation with those from
the country-level gravity equation. The country- level gravity equations are estimated
by GLS.

Table 3.4 provides the estimates of both the country- and firm-level gravity
equations using the data on Indian firms during 1997-2002 from a set of 714 Indian
firms exporting to 106 destinations. Column (1) in Table 3.4 shows the estimation
results of the firm-level gravity equation via IV Tobit, Column (2) shows the
marginal effects of estimated coefficients, and Column (3) provides the implied
coefficients for the country-level gravity equation. The estimated coefficient, S, on
trade resistance are the product of the original coefficient and the elasticity of
substitution, (|1 + o,|). Note that the firm-level gravity equation is the level-log
equation.

In equation (20), | showed that export flows is proportional to the product of
economic size of exporting firms, consuming power of a representative consumers
and trade resistance between them and this is the distinct feature of the gravity
equation. Estimation results in Table 3.4 are consistent with the feature of the gravity
equation. In column (1), the economic size of exporting firms has a significant and a

positive effect on export value.
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Table 3.4 Estimates of the Country- and the Firm-level Gravity Equation

Firm-level Gravity

Implied Coefficients

Coefficients On IV Tobit Marginal Effects (6 _ B )
1) ) f 1+ o
@)
. 545.86*** 40.12%**
Total Revenue of a Firm (11.82) (0.87) -
GDP per Capita of a 110.83 8.15 i
Destination (80.01) (5.93)
. P 25.25%** 1.86***
Population of a destination (6.10) (0.45) -
. -2,080.14*** -153.12%** i .
Tariffs (357.82) (26.43) 25.12
. -9,639.60*** -708.63*** i o
Distance (2,616.56) (192.61) 118.11
-53.50 -3.92
Average of Exchange Rate (40.12) (2.98) -
. 9.71 0.71
Variance of Exchange Rate (19.22) (1.42) -
-30,131.54*** -2,205.63*** i .
Shared Border (8,619.02) (634.96) 367.61
R -3,984.78 -293.12
Colonial Link (2,644.06) (194.64) -48.85
10,294.55*** 753.56*** .
Common Language (2,867.11) (210.79) 125.59
Constant -2,034.15 149.51 i
(1432.15) (104.90)
Fixed Effect for Destination,
Sector and Year Included i i
No. of obs 1,348,391 - -

Notes. All variables are logged. Unit of export value and total revenue of a firm is 10,000 INR.

Exchange Rate 111 is used for the analysis. Standard Errors are in parentheses. ***, ** and * indicate
significance at the 1%, 5% and 10% level, respectively.

High level of total revenue of a firm implies that the firm has higher productivity.
The positive sign on instrumented total revenue of a firm is consistent with the self-
selection hypothesis in the heterogeneous firm model such as Melitz (2003) and

Bernard, Eaton, Jensen and Kortum (2003). Note that the positive coefficient in
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column (3) interpreted as that one percent increase in the independent variable
increases the export value by coefficients. For example, one percent increase in total

revenue of a firm increases the export value by 40.12 (unit: 10,000 INR).

For trade resistance, | include tariff rate, distance, shared border, colonial link
and common language. | do not regard the average and the variance of exchange rate

as trade resistance because exchange rate is multiplicative to export flows, r]-f;fINR =

hf_.hf

hf
€t rjt_loca :

jt_local

| where rfif,\ denotes export revenue by INR, and r denotes export

revenue by local currency. In addition, | assume that the elasticity of substitution is
identical across sectors, ¢ = —7, and divide the estimated coefficients in column (2)
by 6 to calculate the implied coefficients in column (3). If this assumption is relaxed,
then the effect of tariff and distance becomes bigger as the elasticity of substitution
becomes inelastic (smaller). Both tariff and distance have negative and significant
effect on export value, but the effect of distance is much larger than that of tariff. This
is consistent with the work by Berthelon and Freund (2008), Bleaney and Neaves,
(2013), Brun, Carrére, Guillaumont and Melo (2005) and Chaney (2013).

Shared border has a negative and significant sign, but the data of this chapter is
not enough for the analysis of shared border effect because the data does not include
the export transactions through roads in land. Moreover, political conflict limits
India’s trade with its close neighbors. Colonial link has a negative but insignificant
effect. Common language has a positive and significant effect.

The exchange rate appears to not have an effect on export flows. The average of
exchange rate has negative but statistically insignificant effect on export value (the

unit of exchange rate: Local Currency/ INR). There are several explanations for this
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insignificant effect of exchange rate. To encourage export and reduce exchange rate
risk, some countries adopt fixed exchange rate system for export firms. For example,
the Indian Customs announces the fixed exchange rate and keeps it constant for two
or three weeks. The Korean Customs also announce the fixed exchange rate every
two weeks as well. In these countries, export firm can change local currency into
foreign current at fixed exchange rate. In addition, exporting firms make a contract in
a financial market to avoid exchange rate risk. In this case, firms export revenue
remains stable regardless of changes in exchange rate.

In Table 3.5, | compare the estimates from the firm-level gravity equation with
those from the country-level gravity equation. Note that country-level export data for
the country-level gravity equation is constructed by aggregating firm-level export
data. The coefficients are not directly comparable because the firm-level gravity
equation has the level-log form due to the zero export flows problem, while the
country-level gravity equation has the log-log form. However, if | convert the
coefficients of the firm-level gravity equation from the level changes to the
percentage changes using the mean value of the independent variable, | find that
estimated coefficients of the country-level gravity equation tend to be larger than
those from the firm-level gravity equation because variations in the dependent
variable of the aggregated data (country-level data) is larger than those in the
disaggregated data (firm-level data), even thought the independent variables are
identical for the aggregated and the disaggregated data.

The firm-level gravity equation yields the identical results as in the country-level

gravity equation in terms of the sign of estimated coefficients and the significance of
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those. The statistical significance of estimated coefficients in Column (1) is identical
with those in Column (2). This implies that both gravity equations give identical
information, but the firm-level gravity equation gives more because it reveals the
effects of the economic size of exporting firms and a representative consumer. The
country-level gravity equation only shows the effect of the product of both countries’
GDP per capita when year fixed effects are accounted in the empirical estimation,
while firm-level gravity equation provide the effects of the economic size of a firm

and a representative consumers.

Table 3.5 Recovering the Original Parameters of the Firm-level Gravity Equation

Coefficients on Firm-level Gravity Country-levgl Gravity
Equation Equation
GDP of India X GDP of a 0.31**
destination (0.14)
. 40.12%**
Total Revenue of a Firm (0.87) -
GDP per capita of a 8.15 i
Destination (5.93)
. S 1.86*** 0.01
Population of a destination (0.45) (0.02)
. -25.12%%** -1.97%**
Tariffs (4.41) 0.68)
Distance -118.11 -184.13*
(32.10) (98.81)
-3.92 -0.18**
Average of Exchange Rate (2.98) (0.09)
. 0.71 0.05
Variance of Exchange Rate (1.42) (0.04)
-367.61 -430.63
Shared Border (105.83) (257.98)
S -48.85 -8.47
Colonial Link (32.44) (7.10)
Common Language 125.59 59.41
guag (35.13) (33.84)
Constant 149.51 1575.73
(104.90) (941.05)
Fixed Effect for Destination, included included

Sector and Year
No. of obs 1,348,391 2,700
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Notes. This table shows the original coefficients of trade resistance. The estimated coefficients of trade
resistance is the product of original coefficients and the elasticity of substitution, (|1 + o,|). For other
variables, the estimated coefficients are identical with the original coefficients.

3.6 Conclusion

Analyzing the impact of trade liberalization on export flows has a long tradition, but
most of the literature has concentrated on country-level trade flows using the country-
level gravity equation. In this chapter, | develop a firm-level gravity equation which
is the expansion of the country-level gravity equation. On the theoretical side, | newly
find that specialization of production has an impact on export flows with increasing
or decreasing returns to scale. On the empirical side, | show that the firm-level gravity
equation has the same characteristics of the country-level trade flows, but it reveals
the role of productivity, specialization of production and a firm’s size.

The firm-level gravity equation has large potential for applications because the
firm-level gravity equation enables the ability to analyze the behavior of exporting
firms. In the next chapter of Ph.D. thesis, | provide the example of the application of

the firm-level gravity equation.



3.7 Appendix
3.7.1 Firm-level Demand by Value
Equation (6) is given as the following,

O'Ef

hf_h
wot) B _ (7ptw)
(A1) glf ) = () & - (k) o/
where ¢ < —1.
Export demand by value is given as,
(A2 1 ) = p/ g} @)

9 ef
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Firm-level export demand by value is given as,

(A3) 1) = Toer, e’ )
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where | assume that v =V, for f = {1,..., F}.

Solve equation (A.3) for ey, pl(v)tte,
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A multi-product firm’s total demand by value is given as,
A5l =31t
Thf 1+0 f
=% (%) B (Boer, ph))
t
hf 1+0
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hf -(1+0) 1+0
BN (s, () H
el \p/ F=1\ pf t

t

- i (T?fp?(v)) ? (Hh)“"

g\ #f ‘
_ _f< o )‘“*")

gl \p/n}

hf , ppy —(1+0)
_ T, T . . 1-o
where ¥oey, pt ()77 = ;—?(Pf—f) asin (A.4); and (1)~ =
t
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hf 1-0
¥ (TPf—f) E/ for W, is total world output.
t

3.7.2 Firm-level Production by Value

Firm-level total output is given by,
a a am
(A.6) qijc = ag/jt(Kjt) k(th) I(th) exp(9)c)
A product’s output by value is given by,
Y 242 ap aAm
(A7) Tije = DijeQije = pijtaijt(Kjt) (th) (th) exP((Pjt)
A firm’s total output by value is given by,

(A.8) Tig = Zirijt =2 pijtag/jt(Kjt)ak (th)al(th)amexP(fpjt)



3.7.3 Equilibrium by Value

At equilibrium, firm-level total demand is equal to firm-level total production.

By equating equation (A.5) with (A.8), the equilibrium condition is given by,

—(1+0)

hf hf m
(A9 r’—t< “t ) = Zipijtaz/jt(Kjt)ak(th)al(th)a exP(‘Pjt) = Tjt -

f frh
E; \P; I

By solving equation (A.9) for rf

it » | have the firm-level gravity equation by value,

(A.10) 7}.’? = r-tEtf ( “t )
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4 Multi-Product Firms and Learning-by-Exporting

4.1 Introduction

Why exporting firms are more productive than non-exporting firms? Does high
productivity of exporting firms comes from learning through exporting or do high
productivity firms self-select into export markets? The previous chapter addressed
self-selection, while the current one explores learning-by-exporting.

As noted earlier, the learning-by-exporting hypothesis refers to productivity
improvement through export participation. This hypothesis explains the mechanism
of productivity improvement in various ways, but most of them are referred to as
knowledge diffusion from foreign countries. To attract international buyers and to
win intense competition in foreign countries, exporters improve product quality and
export processes. As a result, exporting firms’ productivity can be improved (Wagner,
2007; and Loecker, 2013). Export relationship becomes a channel of productivity
improvement because of access to better technology, improved management skills,
access to more skilled workers who can manage foreign networks, product innovation,
international patenting and R&D efforts (Redding, 2010). Exporting firms tend to
invest more than their non-exporting counterparts to increase productivity for higher
profit and to compete in the foreign market (Melitz and Costantini, 2008; and Desmet
and Parente, 2010). Aw, Roberts and Xu (2008, 2011) find positive feedback effects
between R&D and export participation because R&D investment increases both

productivity and export profits.
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Despite the debate between self-selection and learning-by-exporting, evidence
favors the former over the latter. Keller (2004) summarizes case studies supporting
the learning-by-exporting hypothesis, but still there is a skeptical view based on
econometric studies.

The primary objective of this chapter is to examine the learning-by-exporting
hypothesis. | extend on the framework in the previous chapter to derive a mechanism
of productivity improvements at firm-level, and test the learning-by-exporting
hypothesis. It allows me to decompose the effects of export volume, tariff, distance
and exchange rate on productivity.

For empirical analysis, I combine two databases of Indian firms’ production and
export from 1997 to 2002 for 6 years. The first database includes Indian firm’s
production and sales records at firm- and product-level, respectively. The second
database contains the product-level export records with firm identification.
Combining these two databases allow us to track multi-product firm’s production and
export history. The effect of learning-by-exporting would be bigger as productivity
gap between the origin country and the rest of the world is large. India is one of the
largest developing countries, and trade liberalization has been slower than that of
other developing countries (Haidar, 2012). Thus, India is the case to analyze the role
of export experience in productivity.

The reminder of this chapter is organized as follows. The modeling framework,
as noted earlier, relies on the equilibrium condition from the previous chapter. Data
are also taken from the earlier chapter. Section 4.4 gives the main estimation results.

Section 4.5 concludes with a discussion of the effects of export experience on
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productivity. Appendix gives in-depth information on the derivation of the value

based market clearing condition.

4.2 Data

The data of this chapter are exactly same with those in the third chapter of this thesis
(3.3 Data), but the following provides a brief summary.

| estimate TFP using the PROWESS database, and then match the PROWESS
with the TIPS to analyze the impact of export experience on productivity. However,
the match rate between PROWESS and TIPS is not 100% because both PROWESS
and TIPS are not comprehensive database. The set of firms in each database are not
perfectly identical. The PROWESS covers mid- and large-size companies accounting
60-70% of overall firms in India, and TIPS covers top 9 to 11 sea and air ports in
India accounting 50-60% of export transactions in India. In addition, there is an
accounting year difference between PROWESS and other variables such as tariff rate
and GDP. PROWESS uses fiscal accounting year from April of a current year to
March of the following year, while all other variables use calendar accounting year
from January to December of the same year. Basically, | estimate TFP based on the
fiscal accounting year, then convert them to calendar accounting year TFP with the

following equation,

(26) TFP, = = TFP, + = TFP,
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4.3Estimation Strategies
By taking log on equation (14) in Chapter 3, the estimable equation for testing
learning-by-exporting is given as,
(27) (p;lt = logn?fl —log Q[_l —oalog ‘L';lfl +olog Ptf_1 —logg;-1() — logziag/jt_1
Note that I do not consider the outward multi-lateral resistance, 1T ,, because |
analyze one-origin-and-multiple-destinations relationship. In the empirical analysis,

productivity, <p1’-lt, is measured by TFP following the procedure shown in Chapter 2.
Firms’ lagged export volume, q]'.lf_l, is not directly observable and is proxied by

lagged deflated export value (Free On Board or F.O.B), rj’;f 1~ A destination’s lagged

aggregated market demand (Q{_l) is measured by a destination’s lagged GDP per
capita. Bilateral trade resistance (rff ) contains a destination’s previous tariff rates,
distance, and previous average and variance of exchange rates. Inward multi-lateral
resistance (Ptf_ ,) is captured by dummies for destinations, and fixed effects for time
are considered as well™.

The production from the homogeneous technology, g(Kjt_l,th_l,th_l), is
calculated after estimating the revenue based production function. Firstly, the Cobb-

Douglas production function is estimated. Secondly, TFP is calculated as residuals

after generating the production function. Finally, the production from the

** Lagged export values are deflated by sector-wide Indian Whole Sale Price Index which is Producer
Price Index in India. I use real value for a destination’s lagged real GDP per capita, but nominal
exchange rate for lagged exchange rate. Note that there are 10 sectors: Foods and Live Animals,
Beverage and Tobacco, Crude Material, Mineral Fuels, Animal and Vegetable Oils, Chemicals and
Related Products, Manufactured Goods, Machinery and Transport Equipment, Miscellaneous
Manufactured Articles, and Other Transactions and Goods.
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homogeneous technology is calculated by subtracting TFP from the Cobb-Douglas
production function (or total physical output).

The specialization of production is approximated by the Herfindhal index of

Tije
YiTijt

2
products’ revenue within a firm, b, = ¥, ( ) where 7;;, denotes product i’s

deflated revenue in firm j at time t.?° A product’s is deflated by sector-wide producer
price index. The feature of the Herfindhal index is similar with the specialization of
production that it converges to unity as a particular product is dominantly produced
over other products within a firm, and it converges to zero as all products are evenly
produced. Note that | use a product’ deflated revenue to construct Herfindhal index,
instead of output.

Finally, the main estimable equation is given by,

(28) @f = Bglogml, + Balog Q| + 8- log 7’ + Brlog g1 () + Balog ¥ial;,_,
+8pd; + 8, + el ”
where dg, d, denote the fixed effects for destinations and time; and sff denotes
stochastic components which is i.i.d. across destinations and time.

The coefficients of the main estimable equation are denoted by &, for trade
resistance, and B, for b = {r}/_, @/ . g, (), X:alj,_,} and &, for c = {d,, d,} as
opposed to the true parameters having o and unity as its value. The null hypotheses
are 6; = o, B, = 1and 6, = 1. As for the elasticity of substitution, | have two
options. The first option is to assume that ¢ = —7. The second option is to use the

elasticity of substitution from the estimated revenue production function. In this case,

2% | use a product’s deflated revenue as a proxy for physical output. A product’ physical output is not
available in general.
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the elasticity of substitution varies by sector. However, the different elasticity of
substitution and various effects of trade resistance on productivity is not my major

objective. Thus, in this chapter, I simply assume ¢ = —7.

4.4 Learning-by-Exporting
Table 4.1 displays the results of examining the learning-by-exporting hypothesis.
Column (1) shows the estimated coefficients from Tobit, Column (2) shows the
marginal effects of Column (1), and Column (3) shows the original coefficient
divided by |o = 7|.

During 1997 — 2002, previous export value has a positive and statistically
significant effect on productivity. According to the learning-by-exporting hypothesis
building an international network through export transactions provides a channel of
productivity improvement because exporting firms have access to better technology,
better management skills, more skilled workers who can manage foreign networks,
product innovation, international patenting and R&D efforts. The positive coefficient
on previous export value supports my hypothesis.

| expect a negative and significant sign on tariff. If so, the negative sign on
previous tariff supports the learning-by-exporting hypothesis because it implies that
high tariff rate impedes the diffusion of knowledge through trade. Under the low tariff
rate exporting circumstance, exporting firms find it relatively easy to construct the
international network through export transactions where they can learn from foreign
firms and improve their productivity. Although the coefficient on tariff is negative, it

is not statistically significant.
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Table 4.1 Estimation Results of the Learning-by-Exporting

Coefficients On GLS Original Coefficient(lo = 7()
1) 3)
*k
Previous Export Value (2'0083;3) -
Destination’s Previous GDP per capita (8882% -
. . -0.0400
Previous Tariff (0.0751) -0.0057
Previous Production from the 0.0016 i
Homogeneous Tech. (0.0029)
Previous Specialization of Production 0.0792** -
P (0.0127)
. -0.0003
Previous Average Exchange Rate (0.0104) -
Previous Variance of Exchange Rate ('g gg 4187) -
Distance ('8 'gf;f) -0.0006
Shared Border ('8 8392552) -0.0008
Colonial Link (882?;76) 0.0039
Common Language (8 810213) -0.0018
Constant (8 1125388) -
Fixed Effects for Time Included -
Fixed Effects for Destination Not Included -
Fixed Effects for Sector Included -
No. of obs 2,067 -

These results do not contradict the self-selection hypothesis because | take one
period time lag to test the learning-by-exporting hypothesis. These estimation results
are consistent with Loecker (2013) where he finds significant productivity gains from
export entry which is consistent with the self-selection hypothesis. However, these

are not consistent with the findings Haidar (2012). He examines the two hypotheses
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of the self-selection and the learning-by-exporting using Indian firms’ balance sheet
and income statement information from 1991 to 2004. He confirms the self-selection
hypothesis only. For learning-by-exporting hypothesis, he builds the hypothesis
whether attaining exporter status significantly improves exporter’s productivity. The
hypothesis in this chapter is different from that in Haidar, and | do not test the effect
of attaining exporter status on productivity, but do test the effect of export

relationship on productivity.

The coefficient on destination’s previous GDP per capita has a positive sign, but
it is statistically insignificant. | assume that a destination’s high GDP per capita of
implies a destination’s more advanced technology, and I expect that the coefficient of
destination’s previous GDP per capita should have positive sign.

Previous production from homogeneous technology has a positive and
statistically significant effect on productivity. The positive sign can be interpreted as
learning-by-producing. As a firm produces more output, the firm’s productivity
improves because it accumulates experience.

The previous specialization of production has a positive and significant effect on
productivity. In Chapter 2, | find that the number of a firm’s products has an effect on
its productivity, but specialization of production does not affect productivity. I also
showed that both the number of products and the specialization of production provide
different information and one variable explains the half of the other variable. Here the
previous specialization of production capture the effect of the number of products on

productivity and has a positive effect on a productivity.
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Both the average and the variance of exchange rate have a negative effect on
productivity, but both are statistically insignificant meaning that there is no evidence
that exchange rate has a effect on productivity. Distance also has no effect on

productivity.

4.5 Conclusion

The causality between productivity and exports has been a subject of debate. While
most literature supports the self-selection hypothesis meaning that high productivity
firms self-select to export, the learning-by-exporting hypothesis points out the
possibility of productivity improvement through international market participation.

In this chapter, | examine whether past export experience improves productivity of
a firm using Indian firms’ balance sheets and exporting records from 1997 to 2002.
This chapter provides evidence supporting the learning-by-exporting hypothesis
where previous export experience improves productivity of firms because export
traction provides an access to advanced foreign technology, management, skilled
workers. I also find that there could be learning-by-producing besides the learning-
by-exporting. Both the previous production from the homogeneous technology and
the previous specialization of production improve firm’s productivity. However,
exchange rate and distance do not have any effect on productivity.

This chapter shows that targeting non-exporting firms for export participation

can raise overall productivity of firms, industries and the economy leading to welfare

improvements.
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