Distribution Costs

Alessandra Peter* Cian Ruanef

May 11, 2026

Abstract

We provide the first direct estimates of distribution expenses incurred by manu-
facturing plants and quantify their importance for aggregate consumption and mea-
sured misallocation. Using a novel measure from the Indian Annual Survey of Indus-
tries, we document three facts: distribution expenses amount to over half of labor
costs, are over three times larger as a share of sales for plants in the largest decile
relative to the smallest, and declined by one third from 2000 to 2010. We develop
a model of heterogeneous manufacturing firms that rely on distribution services to
sell across space. The improvements in distribution over that time period raised
manufacturing consumption by 24.5%. The gains materialize quickly, but unevenly:
large firms expand while many small local firms shrink or exit. Distribution costs
also matter for measured misallocation: standard TFPR measures generate spurious
dispersion and a positive relationship with size. In the ASI, accounting for distribu-
tion costs lowers measured TFPR dispersion by 5.1% and the elasticity of TFPR with
respect to plant size by 7.0%.
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1. Introduction

Before goods can be consumed, they must not only be produced but also distributed
from the location of production to the final consumer. Distribution costs are there-
fore not only a resource cost for the economy but can easily become a bottleneck for the
manufacturing sector. Even a very productive firm can only grow so large when it cannot
profitably ship its goods into more distant markets. This is particularly relevant in de-
veloping countries, where growth of manufacturing plants over the life-cycle has been
historically slow (Hsieh and Klenow, 2014; Akcigit, Alp and Peters, 2021) and where large
infrastructure projects have generated significant productivity gains for manufacturing
firms (Ghani, Goswami and Kerr, 2016; Asturias, Garcia-Santana and Ramos, 2019). De-
spite their apparent importance for the development of the manufacturing sector, there
is little direct evidence on the magnitude of distribution costs.

In this paper, we provide the first direct estimates of distribution expenses incurred
by manufacturing plants. Using a unique measure of distribution costs for Indian man-
ufacturing plants, we document three key facts. First, distribution expenses are large
in the aggregate. Between 1993 and 2013, manufacturing plants spent an average of
3.2% of their sales on distribution, which is more than half as large as labor costs. Sec-
ond, larger plants spend relatively more on distributing their goods. Compared to the
lowest size decile, the distribution share of sales is more three times larger for plants in
the highest decile. Third, we document a substantial downward trend in the aggregate
distribution share over the 2000s — from 3.8% to 2.5% of sales.

We rationalize the positive relationship between distribution share and plant size as
resulting from larger plants shipping their goods further distances than smaller plants
(Holmes and Stevens, 2012). We embed this channel into a model of heterogeneous
manufacturing firms that purchase distribution services in order to sell their products
across space. Shipping further distances requires more distribution services and hence
larger plants have a higher distribution share of sales. The data on distribution ex-
penses, together with newly constructed estimates of intranational trade in India, allow
us to estimate the model’s key parameters affecting the costs of distributing products
across space. We find that the improvements in distribution from the 1990s to 2000s led
to a nearly 25% increase in manufacturing consumption.

The new facts we document are based on data from the 1993-2013 waves of the In-
dian Annual Survey of Industries (ASI). The ASI is a representative survey of formal In-
dian manufacturing plants, which asks plants to directly report how much they spend
on distribution.! Distribution expenses include transportation costs as well as other

'In the Annual Survey of Manufacturers in the US, for instance, these are not recorded as plants are
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variable costs such as packing fees and transit insurance. Using this new data, we docu-
ment that distribution costs as a share of sales are large, increasing in firm size, and have
declined significantly over time. We show that these facts are not driven by systematic
under-reporting by small plants or heterogeneous profit shares. While exporters have,
on average, higher distribution shares, we show that the positive relationship with plant
size also holds for firms that only sell domestically.

The model is designed to be as parsimonious as possible while still speaking di-
rectly to the data. It builds on a continuous-location version of Arkolakis (2010) and has
three key ingredients: firm heterogeneity, space, and distribution services whose cost
increases with distance. Manufacturing firms differ in the quality of the variety they
produce and choose how much and where to sell domestically as well as whether or not
to export. Selling to a specific location requires setting up a local distributor, which is
captured as a fixed cost. We allow this fixed cost to be increasing in distance, reflecting,
for example, worsening information frictions (Allen, 2014). In addition, shipping goods
across space comes at a variable cost, which we again allow to increase with distance.

We calibrate the model to the Indian manufacturing sector in 2000 by matching the
properties of the distribution share, the firm-size distribution, exporter moments, and
newly constructed estimates of interstate trade. The key parameters governing domes-
tic distribution are the productivity of the distribution sector, the rate at which variable
distribution requirements increase with distance, and the rate at which fixed market
access costs rise with distance. These are primarily identified by the aggregate distribu-
tion share, the ratio of the aggregate to the average distribution share, and the interstate
trade share.

We first use the model to quantify the aggregate effects of intranational trade barri-
ers. We do so using a stark counterfactual, akin to moving to free trade: In an economy
in which no firms incur any variable costs of distributing their goods, consumption of
manufacturing goods would be 21.3% higher. The reason a 3.8% aggregate distribution
share can have such large consequences is due to the fact that (i) many inputs used
by manufacturing firms are produced by other firms, hence compounding distribution
costs, and (ii) large and productive firms are particularly constrained by high distribu-
tion costs. In fact, setting the size-dependence of distribution costs to zero raises man-
ufacturing consumption by 9.2%.

We next use the model to evaluate improvements in India’s distribution sector over
time. The 2000s were a decade of rapid growth in India (World Bank, 2026b), and also a
period of extensive investments in the country’s road network, most notably the build-
ing of the Golden Quadrilateral highway network. Both Ghani et al. (2016) and Asturias

asked to report sales net of distribution expenses.
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etal. (2019) find that the Golden Quadrilateral led to large income gains in the manufac-
turing sector, including through improvements in allocative efficiency. Over the same
period, adjusting for industry composition, the aggregate distribution share fell from
3.8% to 2.9%, the ratio of the aggregate to average distribution share fell from 1.6 to 1.5,
and the interstate trade share increased from 23% to 32%.

Through the lens of our model, these changes imply that the distribution sector be-
came more productive, that variable distribution costs became less steep in distance,
and that the fixed cost of accessing distant markets declined. Moving all three distri-
bution parameters from their 2000 to their 2010 values raises manufacturing consump-
tion by 24.5%. The largest component is the inferred decline in fixed market access
costs: changing only this parameter raises manufacturing consumption by 13.9%. The
increase in distribution-sector TFP raises manufacturing consumption by 4.6%, while
the decline in the rate at which variable distribution costs increase with distance raises
it by 3.8%.

The previous results compared two steady states of the model. In reality, firms can-
not instantly create new distribution networks or enter new markets. We therefore sim-
ulate a transition in which firms meet distributors only gradually. Even when firms can
access new markets with only a 10% probability each year, manufacturing consumption
adjusts quickly. Over 62% of the long-run increase in aggregate consumption material-
izes in the first year. By 2010, the economy has achieved between 80% and 94% of the
eventual gains, depending on the rate at which firms meet distributors. The reason is
that firms immediately benefit from lower distribution costs in the markets they already
serve. At the same time, the gains are unevenly distributed. Large and productive firms
expand, while many small local firms shrink or exit. In the new steady state, the bot-
tom 25% of firms exit altogether, and 79% of firms active in 2000 experience a decline
in profits. For these firms, high distribution costs served as a shield against competition
from more productive firms located elsewhere.

Beyond quantifying the importance of the distribution sector in India, the paper
shows that distribution costs can bias standard misallocation measures in manufac-
turing: because these costs are size-dependent and often omitted from measured input
costs, standard TFPR measures can partly mistake real distribution costs for distortions.
It can also generate a spurious positive relationship between TFPR and firm size, a key
moment used in inferring how distortions vary with productivity. In the ASI, account-
ing for distribution costs reduces measured TFPR dispersion by 5.1% and the elasticity
of TFPR with respect to plant size by 7.0%. This suggests that part of what is often inter-
preted as misallocation may instead reflect real costs of reaching consumers.
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Literature Our paper relates to a growing literature about the importance of intersec-
toral linkages for economic development. This literature typically evaluates how distor-
tions or low productivity in individual sectors get amplified through the input-output
matrix (Bartelme and Gorodnichenko, 2023; Liu, 2019; Fadinger, Ghiglino and Teteryat-
nikova, 2022). Our main contribution relative to this literature is to document system-
atic heterogeneity across firms in exposure to one specific key upstream sector and to
quantify its importance for aggregate output. Similar to Jones (2011), there are comple-
mentarities between sectors in our model.> We show that the higher reliance of larger
firms on distribution inputs amplifies the effect of complementarities between the pro-
duction and distribution sectors.

Our paper is also closely related to the literature evaluating the consequences of
intranational trade costs in developing countries (most notably, Atkin and Donaldson
(2015); Donaldson (2018); Asturias et al. (2019); Asher and Novosad (2020); Van Leemput
(2021)). In the absence of direct measures, these papers follow the traditional approach
in international trade and infer the magnitude of internal trade barriers from a combi-
nation of data on the flow of goods and spatial price gaps. Another common approach
in the international trade literature is to estimate fixed and variable costs of exporting
from the nonlinear effects these costs have on market participation (Das, Roberts and
Tybout, 2007). We complement this literature by providing an additional, arguably more
direct measure of internal trade barriers: firms’ distribution expenses. Another strength
of our distribution expenses measure is that it also captures decreases in distribution
costs from increases in competitiveness in the transportation sector. Arnold, Javorcik,
Lipscomb and Mattoo (2016) show that such pro-competitive reforms were important
in the transportation sector from 1993 to 2005 and led to gains to manufacturing firms.

Our model is based on a continuous-location version of Melitz (2003) and Arkolakis
(2010). The main difference relative to the latter is that we focus on how variable distri-
bution costs change with distance, rather than fixed costs. This is crucial for matching
our empirical finding that the distribution share increases with firm size.

Our paper also relates to an important literature on differences in the firm size dis-
tribution between developed and developing economies, and the role of distortions. It
is well established that developing countries have a larger mass of small firms (Hsieh
and Olken, 2014), with this relationship even holding across Indian states of varying in-
come levels (Jain and Kothari, 2025). Hsieh and Klenow (2014) document that Indian
plants grow slowly with age and suggest that poor transportation infrastructure could
be an important contributor. We contribute by evaluating the importance of distribu-

2Qur assumption of complementarities is consistent with Peter and Ruane (2025), who estimate long-
run elasticities of substitution between material inputs and services below one for Indian manufacturing
plants.
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tion costs, a concrete size-dependent component of firm costs, through the lens of a
multi-sector general equilibrium model and showing that they matter both for aggre-
gate consumption and the fat left tail of the size distribution.

Our findings also speak to the misallocation literature (Hsieh and Klenow, 2009)
and the role of size-dependent distortions (Bento and Restuccia, 2017). Recent liter-
ature has highlighted how measurement error and misspecification make the identifi-
cation of distortions from average revenue products challenging (Gollin and Udry, 2021;
Bils, Klenow and Ruane, 2021; Carrillo, Donaldson, Pomeranz and Singhal, 2023; Kim,
Rotemberg and White, 2025). We show that distribution costs, while not distortionary in
our model, can generate dispersion in measured average revenue products and a spuri-
ous positive relationship between TFPR and firm size.

The rest of the paper is structured as follows. In Section 2. we present our empirical
results, in Section 3. we lay out our model, in Section 4. we quantify the model, in
Section 5. we perform our counterfactual exercises, study measured TFPR dispersion,
and analyze the transition and incidence of gains, and Section 6. concludes.

2. Distribution Costs in Indian Manufacturing

We first discuss the dataset and main variables used, and then document the key styl-
ized facts of the paper. As a share of sales, distribution costs are: (1) large, (2) increasing
in plant size, and (3) trending downwards over time. Finally, we discuss our interpreta-
tion of these findings.

2.1. Data Description

The data come from the 1993-2013 waves of the Indian Annual Survey of Industries
(ASI). The ASI is a nationally representative survey of the formal manufacturing sec-
tor in India. It covers all plants with more than 10 workers using power, and all plants
with more than 20 workers not using power. There are, on average, over 30,000 plants
per year in the survey. The survey contains standard information on plants’ output, em-
ployment, labor costs, capital stocks, and intermediate input expenditures. The sam-
pling and main variables are described in more detail in Data Appendix A.

In addition to the more standard variables, the ASI contains information on plants’
expenditure on outward distribution expenses.®> The measure of distribution expenses
includes the value of outward transport costs, rebates, commissions, transit insurance

3‘Outward’ refers to distribution costs incurred on products sold, as opposed to intermediate inputs
purchased.



DISTRIBUTION COSTS 7

of goods sold, and packing fees for goods sold.* It therefore comprehensively captures
variable costs of selling goods. It does not include fixed distribution costs, such as ad-
vertising, finding distributors, or setting up a warehouse.

As far as we are aware, the measurement of outward distribution and transport ex-
penses at the plant level is unique to the ASI. Typically, the value of products shipped
is reported net of distribution costs, as is the case for the U.S. Annual Survey of Man-
ufactures, or distribution costs are reported together with taxes and other fees. This is
therefore an ideal setting for providing new insights into the magnitude of distribution
costs.

Throughout the paper, we report distribution costs as a share of sales.® This is the
most appropriate measure of the cost burden, since plants need to distribute actual
goods (their sales), as opposed to the value-added contributed in supply chains. How-
ever, the distribution share of sales alone does not provide a full picture of the extent
to which distribution costs affect aggregate output and consumption. Given that pro-
duction chains consist of multiple steps, distribution costs are incurred multiple times.
This is particularly relevant in India, where the average intermediate share is 77% in
the manufacturing sector. The model in Section 3. features intermediate inputs, and
therefore captures this amplification through the input-output network within manu-
facturing. For completeness, we also report distribution costs as a share of value-added
in the summary statistics in Table 1.

2.2. Distribution Costs: Magnitude, Heterogeneity, and Explanations

Magnitude of distribution expenses in the manufacturing sector. We first document
that distribution expenses are large in the aggregate. On average between 1993 and
2013, total distribution costs incurred by manufacturing firms amount to 3.2% of to-
tal sales. To put this number in perspective, distribution costs are more than half as
high as labor costs, which averaged 6.0% of aggregate sales over the same period. The
seemingly low labor and distribution shares in Indian manufacturing are driven by its
relatively high intermediate share of sales, which averages 77%. Relative to value-added,
the aggregate distribution share is 10.2%, and the labor share 19.1%.

4This is reported as ‘other distributive expenses’ in Block J, column 10 of the schedule in more recent
survey years. See p.37 of the 2014 Instruction Manual for the Annual Survey of Industries (Concepts,
Definitions and Procedures) for details on what is included.

SWe use sales net of taxes because we are interested in distribution costs relative to the value of sales
from the selling firm’s perspective. Taxes are a very small share of sales and have a minor impact on all
the numbers reported in this section.
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Heterogeneity in the distribution share across plants. The distribution share is not
only large in the aggregate but also varies systematically across plants of different sizes.
Table 1 summarizes key moments of this variable. The median distribution share is
0.7%, the average is 2.1%, and the 90" percentile is as high as 5.6%. As a share of value-
added, these numbers are 3%, 8.4%, and 23.7%, respectively. ©

Table 1: Summary Statistics

Distribution costs Aggregate Mean pl0 p50 p90 Share =0
relative to

Sales 3.2% 2.1% 0.0% 0.7% 5.6% 25.1%
Value-added 10.2% 8.4% 0.0% 3.0% 23.7% 25.1%

Notes: Data come from the Indian Annual Survey of Industries 1993 to 2013. The top row reports summary statistics for distribution
costs as a share of sales. The bottom row reports the same statistics as a share of value-added. The statistics are calculated pooling
all years from 1993 to 2013. See Figure 10 in Appendix A5. for a full histogram.

The fact that the aggregate distribution share is larger than the average suggests that
bigger manufacturing firms have systematically higher distribution shares. Figure 1(a)
confirms this and shows that the distribution share is monotonically increasing in plant
size. The smallest decile of plants spend close to 1% of sales on distributing their prod-
ucts, while the largest decile of plants spend around 3.5%.” The relationship between
distribution share and plant size is not driven by plants’ location choices. We show in
Appendix Figure 11 that the relationship between the distribution share and size holds
when we control for industry x year x state fixed effects.

In the 1993-1997 survey years, the ASI records even more detailed information on
sub-components of distribution expenses. For these years, we can decompose distribu-
tion costs into: (1) transport costs, which include the costs of freight and shipping, pack-
ing fees, and transit insurance; (2) commissions owed to intermediaries; (3) rebates and
drawbacks owed to customers; and (4) other. Transport costs are by far the most im-
portant component of distribution costs, accounting for 46.4% aggregate distribution
expenses. Commissions and rebates account for 17.8% and 12.1%, respectively, with
the remaining 23.7% of distribution expenses categorized as ‘other’. We show in Figure
1(b) that all components of distribution expenses (as a share of sales) behave similarly
as a function of size. We therefore use total distribution spending for the remainder of
the analysis.

625% of plants report zero distribution expenses. This may reflect measurement error in distribution
expenses. We provide further details on these plants in Appendix A2. and show that removing them does
not qualitatively affect any of our main empirical findings.

"Plant size is measured as total output, which includes sales, the change in finished goods inventories,
and revenues from other sources. We show in Panel (b) of Appendix Figure 11 that our findings are very



DISTRIBUTION COSTS 9

Figure 1: Distribution Share vs Plant Size
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Notes: Data comes from Indian Annual Survey of Industries 1993 to 2013. Both subfigures show binned scatter plots
of the plant-level distribution share against log(output), after residualizing on sector-year fixed effects. The left figure
includes all years, while the right figure includes 1993-1997. The right figure shows a binned scatter plot of the plant-level
distribution share against output, for all four subcomponents of the distribution costs: transport costs, commissions,
rebates, and other. We residualize all variables on sector x year fixed effects.

Distribution costs and international exports Distribution costs, as measured in the
AS], include the costs of distributing products both domestically and internationally.
While we cannot separately measure distribution costs associated with domestic and
foreign sales at the plant level, we can document differences in the overall distribution
share of sales between exporters and non-exporters for the subset of years in which
exports are reported in the ASI — 1997 and 2008-2013. These findings are reported in
Table 2.

On average, 9.2 percent of plants export, but these plants tend to be large, account-
ing for 25.3 percent of aggregate output. The aggregate export share of total output for
exporters is just under one-third. Unsurprisingly, on account of both being larger and
having international markets, exporters tend to have higher distribution costs relative to
their sales than non-exporters, 3.2 percent vs. 2.5 percent. However, we show in Figure
12 that the increasing relationship between firm size and the distribution share is not
solely due to a higher share of exporters among large firms, as it holds when restricting
the sample to non-exporters.

similar when we use employment as a measure of plant size.
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Table 2: Distribution Costs by Exporter Status

Share of Share of Export Share Distribution

Plants  Output of Output Share
Non-exporter 90.8 74.7 0.0 2.5
Exporter 9.2 25.3 31.6 3.2

Notes: All statistics are averages across years in which export data is available (1997, 2008-2013). The
distribution share is the aggregate distribution share by firm type. The export share is the aggregate
export share of total plant output. Sampling weights used for all statistics.

2.3. Interpreting the Facts

Distribution Share and Plant Size We argue that the relationship between plant size
and the distribution share is the result of 1) the cost of shipping goods increasing in the
distance shipped, and 2) larger plants tending to ship their goods further distances than
smaller plants. These claims are well-supported by the existing evidence. A large litera-
ture in international trade has documented that transport costs increase with distance.
In addition, Holmes and Stevens (2012) provide evidence that larger U.S. manufacturing
plants ship their products further distances within the U.S. than smaller plants.® Simi-
larly, the trade literature has extensively documented that larger plants export relatively
more than smaller plants (e.g. Bernard and Jensen (1995)).°

One alternative explanation we address is systematic mismeasurement. If small plants
fail to report a portion of their distribution expenses (because of less accurate book-
keeping, for example), we would spuriously infer that distribution costs as a share of
sales are increasing in size. Smaller plants might also be more likely to do their dis-
tribution in-house, in which case some of their expenses might be reported as labor
costs. While we cannot provide any direct evidence on the frequency of misreporting,
we can analyze how inward distribution costs vary with plant size.!'® We would expect
misreporting to affect inward distribution costs in the same way as outward distribution
costs. However, we show in Appendix Figure 13 that the inward distribution share de-
creases with plant size, which significantly mitigates concerns about mismeasurement.

Another explanation is that the increasing relationship between distribution share
and size could be driven by larger plants having lower profitability (sales relative to

8We cannot replicate this analysis for India as we are not aware of any comparable data.
9To overcome large distribution expenses, firms could open plants in additional locations. Unfortu-
nately, we cannot directly analyze this in the data, as the ASI does not allow researchers to link plants
belonging to the same firm. However, we do observe whether plants belong to multi-establishment firms
and use this information in the model to gauge the importance of this issue.
Inward distribution expenses are the distribution costs that plants pay to transport and acquire pro-
duction materials. These are reported in the ASI for the years 1993, 1994, and 1996.
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costs). If this were the case, all cost shares would be increasing in size, and the share
of distribution costs in total costs would be flat. However, we show in Appendix Figure
14 that the distribution share of total costs is also increasing in plant size. The decrease
in the aggregate distribution share documented in Figure 2 (a) is also similar if we mea-
sure the distribution share relative to total costs.

Distribution costs and misallocation The misallocation literature following Hsieh and
Klenow (2009) typically infers distortions from measured differences in firms’ revenue-
to-input-cost ratios. Is heterogeneity in the distribution share of sales across plants re-
flective of misallocation, which lowers aggregate productivity? We argue that the pos-
itive relationship between plant size and the distribution share results from physical
constraints involved in the transportation and distribution of resources across space.
Given these constraints, which would also be present for a social planner, this hetero-
geneity in the distribution share is consistent with allocative efficiency. That said, ig-
noring distribution costs altogether could lead researchers to mismeasure misalloca-
tion and the relationship between distortions and firm size. We return to this issue in
Section 5. after presenting the model.

2.4. The Distribution Share over Time.

So far, we have shown that distribution costs are high and increasing in plant size. In
Figure 2, we document how these data patterns have changed over time. Figure 2(a)
shows that aggregate distribution costs relative to sales fell considerably from 2000 to
2010. During this period, which coincided with large transport infrastructure invest-
ments, the distribution share fell from just below 4% to around 2.5%.!! While part of this
change stems from changes in sectoral composition, we find the aggregate distribution
share fell from just below 4% to 2.9% over this 10-year period, even when adjusting for
changes in sectoral composition.!?

The decline in the aggregate distribution share was driven by changes in the distri-
bution share conditional on plant size, rather than by a change in the size distribution
of plants. Figure 2(b) shows that the distribution share of sales decreased for plants of
all sizes. In addition, the sales share of large plants expanded during this period, and
hence changes in the size distribution put upward pressure on the aggregate distribu-

"Major road infrastructure investments included the Golden Quadrilateral highway network, the
North-South and East-West corridor, and the Pradhan Mantri Gram Sadak Yojana rural road program.
We discuss these in more detail in Section 3..

12We adjust for industry composition by aggregating the annual sectoral distribution shares using con-
stant sectoral sales shares from 2000.
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tion share.!> Most notably, large plants saw even larger decreases in their distribution
shares than smaller plants — there was a flattening in the relationship between the distri-
bution share and plant size. These findings suggest important potential gains for man-
ufacturing plants from reductions in distribution costs, particularly for larger plants.

Figure 2: Distribution Share over Time
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Notes: Data source is the Indian Annual Survey of Industries 1993 to 2013. The left figure shows the aggregate distribution
share of sales over time in India, both with and without controlling for industry composition. We adjust for industry
composition by holding sectoral sales shares constant at their 2000 level. The right figure shows a binned scatter plot of
the plant-level distribution share against log(output), after residualizing on sector-year fixed effects. It shows 1999-2001
separately from 2009-2011. We choose 3-year windows to increase the sample size for the plot.

Infrastructure Investment and the Decline in the Distribution Share. We provide
suggestive evidence that the trend in the aggregate distribution share was at least partly
driven by large public infrastructure improvements in the context of the Golden Quadri-
lateral highway network. The GQ was launched in 2001, and 90% of the project was
finished by 2006, linking together the four major economic centers of Delhi, Mumbai,
Chennai, and Calcutta. In Appendix A3., we show that states in which the GQ was built
saw both larger decreases in the state-level aggregate distribution share between 2000
and 2010, as well as larger decreases in the ratio of the aggregate to average distribution
share. This is consistent with the GQ reducing distribution costs for firms (as shown
in Asturias et al. (2019)) and suggests that some of the improvements were driven by
government policy rather than technological improvements at the firm level.

13The sales share of the largest 10% of plants increased from 83.3% to 84.5%.
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Summary We document that the aggregate distribution share in Indian manufactur-
ing is large and that bigger firms spend more on distributing their goods. We argue that
the increasing relationship between plant size and the distribution share arises from the
combination of two factors: the variable cost of distributing goods is increasing in dis-
tance, and larger plants ship their goods further distances. As a result, larger plants use
distribution services more intensively than smaller plants. This makes them particularly
affected by the quality of Indian infrastructure and by the productivity of the distribu-
tion sector. In addition, there has not only been a significant decrease in the aggregate
distribution share during the 2000s, but this decline was particularly pronounced for
the largest firms.

3. Model

To rationalize the observed relationship between a firm’s size and its distribution share,
we develop a model in which heterogeneous manufacturing firms use inputs from the
distribution sector to sell their goods across space. The model allows us to quantify the
aggregate output effect of distribution costs and their systematic heterogeneity across
firms, and to evaluate the gains from improvements in India’s distribution sector over
time.

The model is deliberately parsimonious: itincludes only the minimum set of ingredi-
ents needed to match the central facts — firm heterogeneity, geography, and distribution
services whose costs increase with distance. This allows us to discipline the model di-
rectly with the data, quantify how much a 3.8% aggregate distribution share matters for
output, and isolate the channels through which distribution costs affect the consump-
tion of manufactured goods. We restrict attention to manufacturing and abstract from
services and agriculture, so all aggregate results should be interpreted as applying to the
manufacturing sector.

3.1. Setup

The model is based on a continuous-location extension of Arkolakis (2010). Time is dis-
crete, agents are risk-neutral and do not discount the future. The economy comprises
two sectors: manufacturing and distribution. Each manufacturing firm produces a dif-
ferentiated variety. Firms use distribution services to sell their products to domestic and
foreign consumers, as well as to other firms as an intermediate input. Including exports
ensures that distribution costs associated with reaching foreign markets are captured
separately from those attributable to intranational trade. We model space in the sim-
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plest way that preserves the main mechanism: the economy lies on a circle with cir-
cumference 1, and the rest of the world is a single location outside the circle.

Final Goods Producers

At each location [ along the circle, there is a final goods producer who combines all
available varieties w to produce the location’s final good. Varieties are aggregated using
a CES aggregator with elasticity of substitution o.

o—1

Y, = ( zb(w)cl(w)gvldw) (1)
wey

Varieties differ in their quality ¢/(w). Higher-quality varieties give more utility per
unit of consumption and are more efficient in producing the intermediate good.!* The
set of varieties available in location /, €, is an equilibrium object determined by the
choices of all firms in the economy of which markets to sell to.

Final-goods producers take the prices of varieties as given and sell the aggregate out-
put Y; to both consumers and firms as intermediate inputs. The price of a unit of the
final good is given by

1—0c

= ([ vre i) @

The choice of aggregator gives rise to a standard CES demand equation for a variety
with quality ¢(w) and price p(w):

y(w) =B Y (W) pw)™” (3)
The final good in each location can be used either for consumption or as an inter-

mediate input by firms producing there. Therefore,

Y, =C)+ M, 4)

14Jain and Kothari (2025) document a strong empirical link between firm size and product quality in
Indian manufacturing: larger plants charge higher prices, use more expensive inputs, and employ more
skilled workers supporting our modeling choice of quality as the primary source of firm heterogeneity.
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Domestic Consumers

At each point along the circle, there is a continuum L of workers.!®> Workers have prefer-
ences over the domestic (local) final good C; and an imported good C,,,. Agents cannot
save or borrow, which gives rise to the following problem (suppressing time subscripts
for ease of exposition):

e—1 e—1 —
max <oz(]l s+ (1—a)Cy ) '
{Cl’cm}

s.t PCy+ P,C,, <y (5)

Consumers inelastically supply their unit endowment of labor to either the manufac-
turing or the distribution sector for a wage w. They also receive a share 1/L of aggregate
profits 7.

Their income y is therefore equal to w + 7/ L.

Foreign Demand

In addition to selling to the final goods producer, manufacturing firms can export their
goods to the rest of the world. We model India as a small-open economy, so world prices
and world demand are taken as given.

Demand for each exported variety is given by

csw) = Cunte) (222) ©

where C,, is the world-level of demand for Indian goods, and P, is the price of the world
good. The imported good is the same as the world good, so P,, = P,. In what follows,
we will treat the world good as a numeraire, so that P,,, = P, = 1.

Distribution Sector

Firms in the distribution sector are perfectly competitive. They employ labor L, to pro-
duce distribution services d using a constant returns to scale production technology:

d= ApLp ()

I5The setup is symmetric at every point on the circle.
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The combination of perfect competition and constant returns to scale implies that pp =
w / A D-

Manufacturing Sector

In each period ¢, there is an endogenously determined mass J of manufacturing firms
operating along the circle. Manufacturing firms are heterogeneous along two dimen-
sions: the quality ¢ of the variety they produce and their (production) location on the
circle. On the extensive margin, firms choose both the set of markets (points on the cir-
cle) in which they sell their product, and whether to export to the rest of the world, which
we think of as a location outside of the circle. On the intensive margin, they choose the
quantities to sell in each market and to export.

Domestic Production

Firms operate with a constant-returns-to-scale technology. They combine labor and an
aggregate intermediate input to produce output at the factory gate. In order to sell a
quantity ¢(¢,n) to a consumer located at a distance »n along the circle a firm must not
only produce the good, but also (i) pay a fixed cost f(n) of accessing the market and (ii)
purchase distribution services d(n) to deliver the product to the consumer. The fixed
cost f(n) depends only on the distance n between the destination market and the firm’s
production location.!® This captures costs associated with establishing and maintain-
ing a distribution network (e.g., finding and contracting with local retailers). We follow
Arkolakis (2010) in modeling the marginal cost associated with accessing a market lo-
cated a distance n away:

f(n) = (1—=2n)"" 8)

As in Arkolakis (2010), the functional form chosen captures three important dimensions
of the cost of accessing a sales market:

1. f'(n) > 0. The further away a market is located, the more costly it is to find a
distributor there. The parameter § > 0 governs how quickly costs increase with
distance.

2. lim,, o f'(n) > 0. There is a positive cost of serving the home market (n = 0), akin
to a standard fixed cost in a model of production with only one market.

18These fixed costs are in units of labor.
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3. If5>0,lim, N J'(n) = oco. Accessing the entire market is prohibitively costly.!”

Once a firm has paid the fixed cost of establishing a distribution network in a market
at a distance n, it produces output for sale in that market according to the following
Leontiev production function:!3

: or1-0 dn)
¢(n) = min {M L, ’1+—6n} 9

The physical good is produced with labor L, and an intermediate good M. TY be
sold in a market at a distance n, the physical good needs to be shipped there using dis-
tribution services d(n). These distribution services are purchased from the distribution
sector at unit cost pp. In order to sell one unit of the good in a market at distance n,
the firm needs to purchase d(n) = 1 + en units of distribution services. ¢ governs the
rate at which the quantity of distribution services required increases with distance. This
parameter captures certain aspects of the quality of a country’s transportation infras-
tructure. For example, it could be relatively costly to ship goods over longer distances
(compared to shorter distances) when highways are of poor quality. This would be cap-
tured by a high value of e.

Given consumers’ demand, a firm with quality ¢» solves the following profit maxi-
mization in each market n:

©*(,n) = max p(q(¥,n)) q(v,n) — wi(y,n) — Pm(,n) —p” d@,n) —w f(n) (10)

q,l,m,d

s.t. m(,n)?1(,n) 0 = q(¢v,n)
d(y,n) = (1 +en) q(¢,n)
Fn) = (1-20)"

The second step in the firm’s problem consists of choosing its optimal scale, i.e., which
parts of the circle to sell to. Given that (i) production of the physical good exhibits con-
stant returns to scale and (ii) both the fixed and variable cost of distribution are mono-
tonically increasing in the distance to the market reached, choosing where to sell to
amounts to choosing the furthest market to which the firm sells. We denote the dis-

17Given that the circle has circumference 1, the furthest market is located at a distance n = %

18Wwhile output and distribution services need to be used in fixed proportions in each market, the elas-
ticity of substitution between the physical good M?L}~? and distribution services at the firm-level is
larger than zero, since firms also adjust on the extensive margin of how many markets to serve.
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tance between the firm and its furthest point of sale by n*(¢)), where:

N
n*(¢) = argmax 27* (¢, n)dn (11)
Ne[0,1/2] Jo
Given that the economy is located on a circle of circumference 1, there are always two
locations that are exactly distance n away from the firm, and the maximal market size is

1. We denote by 7*(¢) the resulting optimal per-period profits a firm with quality ¢ can
achieve:

N n*(¢)
() = mj\eflx/ 2% (¢, n)dn = / 27 (¢, n)dn (12)
0 0

Exports

To become an exporter, the firm must pay a fixed cost f,, denominated in labor. Upon
paying the fixed cost, the firm produces output for sale to the rest of the world, using
to the same production function as for domestic sales. Shipping to the rest of the world
requires distribution services d,; in order to sell one unit of good to the rest of the world,
the firm has to purchase «, units of distribution services.

Given the demand for varieties by the rest of the world, an exporter solves the fol-
lowing problem:

= max px(%:) 4z — W l:p - lex - pD dx —w fa: (13)

G Lz Mz ,dy

*

7T:t
6716

s.t. mol,”" =q,

dx = Rz 4y

Let J, be the endogenously determined mass of exporting firms.

Entry and Exit

There is a large pool of potential entrants into the manufacturing sector. To enter, firms
incur a sunk cost of entry fz, measured in units of labor. Upon paying this cost, firms
discover their quality ¢. The distribution from which qualities ¢ are drawn is exogenous
with CDF g(v). After observing their quality, firms decide whether to remain active. If
they do, they receive profits I1(¢, ) = 7(¢,t) + Leyport(¢)m,(t) in every period in which
they operate. Quality is constant over time, and so I1*(¢, t) = I1*(¢). In addition, firms
are risk-neutral, there is no time discounting, and the probability of not receiving an
exogenous exit shock is 1 — ¢ in each period. This implies that the value of a firm with
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quality ¢ is:
> (LI W) = =

If IT*(¢) > 0, the firm will choose to remain active and start production. Otherwise, it
will endogenously choose to exit. We denote by L” the mass of workers used for entry
and by M* the mass of entrants each period.

3.2. Equilibrium

Given a quality distribution ¢(¢), an equilibrium is set of:

1. prices

{ P70, By P (o0, N} (e (0)}

2. quantities

{ LP, P, LF {c(w)} {a()} {a= ()} 1)}, {lx(@/})}a}
{m(u)}, {ma ()} {d(W)}, {du(¥)}, J, Joy M

such that

1. Consumers optimize subject to their budget constraint

2. Active firms optimize subject to their constraints

3. Production = consumption + intermediate input use in each location
4. The aggregate constraints hold

5. The free entry condition holds

6. Trade is balanced in every location

We focus on equilibria that feature a stationary distribution of firms. Every period,
the mass of successful entrants exactly offsets the mass of exiting firms. Given that exit
is equally likely for all levels of quality and net entry is zero, the endogenous distribution
of active firm qualities remains constant.
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3.3. The Role of Distribution Costs

In order to illustrate the main mechanisms of the model, we start by considering the
extreme case where § = ¢ = 0. In this special case, neither fixed nor variable costs of
distributing products vary with the distance between the plant and the consumer. The
profit maximization problem laid out in equation (10) is now independent of the market
n. This implies that all active firms sell to the entire circle. All consumers, irrespective of
their location / on the circle, have access to the exact same set of varieties. The economy
collapses to a standard Melitz (2003) model.

Now let ¢ > 0. Selling to markets farther away requires more distribution services
per unit sold. From the firms’ perspective, marginal costs increase with n. This implies
that they sell less and make smaller profits in markets located further away. Firms serve
a market only if profits are sufficient to cover the fixed cost f.1¥ This gives the following
equilibrium expression for n*(1):2

(1) = % (A—f (U ~ 1) (§>i VT — (Ap + 1)) , (14)

where c is the unit cost of production of the firm, ¢ = (%)0 (%) =0

Equation (14) provides intuition for the main mechanism in this model. First, higher-

quality firms choose to sell to more markets. Since their product is of higher quality, they
make higher profits in each market. They will therefore find it worthwhile to overcome
the fixed costs to reach more distant markets. This feature of the model is what allows
us to replicate the main empirical finding from Figure 1 (a): distribution costs as a share
of sales are increasing in firm size. The distribution share in a market of distance n is
given by:

pod(n,¥) G o1
p(,n)g(,n) L+ e o

w

(15)

Conditional on distance n, the distribution share is independent of firm quality. A firm’s
total distribution share is then simply equal to the integral over all markets served. Since
sales to more distant markets require with a higher distribution share and higher-quality
firms sell to more distant markets, they spend a larger overall share of sales on distribut-

YSince 8 = 0, the fixed cost of accessing markets is constant at f(n) = f
20This formula applies to firms whose optimal choices are interior; i.e. they serve a positive fraction of
consumers, but not the entire market (n*(¢)) € [0, 3). There is a positive mass of firms who sell to the

whole market: n*(y) = 3
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ing their products.

We now turn to discussing the role of the parameter e. Consider a decrease in ¢.?!
From equation (14) one can see that a reduction in ¢ will increase n*(¢) for all active
firms. This is intuitive: lowering ¢ is equivalent to a reduction in the marginal cost of
selling to each market, leading to an expansion of all firms. In addition to this direct
partial-equilibrium effect, firm size is affected through general-equilibrium effects on
the wage. As firms expand, they demand more labor, both directly as an input into pro-
duction and indirectly through their increased demand for distribution services. The
wage increases to restore labor market clearing.?> Because of the higher wage, produc-
tion costs increase for all firms. This has an important effect on the minimum quality
cutoff for active firms. Denote by ¢ the lowest quality firm that still finds it worthwhile
to remain active in equilibrium.® We have that:

w 0771 w o ; o %
o= () (D) ) "

As the wage increases, ¢ also increases. The reason for this is similar to that in Melitz
(2003). The expansion of high-quality (large) firms drives up the wage, making it harder
for small firms to compete for workers. This drives out some small, low-quality firms.

Q|

The new equilibrium distribution of firms now features larger and higher-quality firms.

Now consider 8 > 0, but ¢ = 0. In such an environment, the distribution share of
firms would be independent of productivity. While more productive firms still sell to
more distant markets, the variable cost of distribution does not vary with distance. In
terms of economic channels, g and ¢ play similar roles: the higher these are, the more
firms sell locally. This affects in particular the most productive firms, which sell further,
and allows small, low-productivity firms to survive. The fact that the two parameters
affect firm sales similarly but have different effects on the distribution share is a rela-
tionship we use to identify the parameters of the model.

Firms enter the export market if variable profits from exporting cover the fixed cost
of entry into the export market:

awf% o w ~
T _ x et P—l
() G len) m

21This captures any change in the technological environment that makes it relatively cheaper to ship
long distances, e.g., a highway network.

22We have normalized the price index P to 1, which leaves the wage as the only price left to clear mar-
kets.

ZThese are firms for which n*(¢)) = 0
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Provided the fixed cost of exports is high enough, * > . Conditional on exporting,
distribution costs as a share of exports are given by:

pod(¥) _ ap  o—1
P(V)a: (V) S+ 45 o

(17)

Equation (17) shows that distribution cost as a share of exports is independent of pro-
ductivity. The positive relationship between firm productivity and distribution shares
is driven by domestic distribution. It always holds conditional on the set of exporting
firms, and also holds for all firms provided «, is large enough.

4. Quantifying the Model

In this section, we quantify the model to the Indian manufacturing sector at two points
in time: 2000 and 2010. We use the facts on distribution shares from Section 2. and
newly constructed estimates of interstate trade to calibrate the model’s key parameters.

4.1. Interstate Trade

We construct most of the moments used to calibrate the model from the ASI. In partic-
ular, our measures of the distribution share as well as how this varies with plant size are
crucial for identifying the key parameters governing firms’ use of distribution services.
To identify the fixed cost parameter 3, we need data on the distances to which firms ship
their products. However, intranational trade data for India is notoriously sparse prior to
the introduction of the Goods and Services Tax (GST) in 2017.

We therefore digitize historical data on interstate shipments, which allows us to esti-
mate the volume of trade between states in the 2000s. The raw data come from a hand-
book titled "Inter-State Movements / Flows of Goods by Rail, River and Air”, collected
and published by the Indian Directorate General of Commercial Intelligence and Statis-
tics (DGCIS).?* These data provide unique information on interstate trade and how it
changed in India over time, yet there are two important limitations: 1) shipments are
measured in quantities rather than values, and 2) they exclude shipments by road.?
To overcome these issues and nonetheless obtain a complete estimate of the interstate
trade share, we follow an approach based on Van Leemput (2021).

24The DGCIS publishes data based on accounting years which stretch from April to March of the fol-
lowing year. See Appendix A4. for a more detailed discussion of data and methodology.

Z5Capturing interstate trade by road is particularly important because of the development of large-scale
road infrastructure during the 2000s, such as the Golden Quadrilateral.



DISTRIBUTION COSTS 23

The approach exploits the fact that interstate shipments for export are reported sep-
arately from those for domestic consumption. For any good, we can then construct ag-
gregate interstate trade by rail and aggregate exports by rail and combine this with infor-
mation on total aggregate exports and domestic production to infer the interstate trade
share (the ratio of the value shipped interstate to the value of domestic production). The
approach requires two key assumptions: 1) for each good, the share of shipments by rail
vs road is the same for exports and domestic consumption, and 2) the quality of goods
shipped interstate by rail is the same for export and for domestic consumption. These
assumptions imply that:

quantity exported via rail B value exported via road and rail
quantity shipped interstate via rail ~ value shipped interstate via road and rail

(18)

We obtain the interstate trade share of each good by dividing its export intensity (ag-
gregate export value/aggregate production value) by the ratio in Equation (18). We then
average these shares across goods to obtain our targeted moments.

We estimate that India’s interstate trade share increased from 23% in 2000 to 32%
in 2010.25 While correctly pinning down the level of the interstate trade share requires
the strong assumptions above, what matters for our main counterfactuals is the change
in the interstate trade share over time. For example, while it is likely that the quality of
exported goods is higher than that of those shipped domestically, what matters most for
us is that relative export quality did not change over time, a much weaker assumption.
In addition, assumption 1) is supported by evidence that the density of roads and rails
in India is highly correlated across states (Van Leemput, 2021). We therefore view our
estimates as providing strong evidence of an increase in the value of India’s interstate
trade over time.

4.2, Calibration

We quantify the model developed in Section 3.. Firm productivity is assumed to follow
a Pareto distribution with shape parameter . This leaves a total of ten parameters to
calibrate. Two of them can be calibrated directly: the intermediate share and the exit
rate of firms. We set the intermediate share 6 to match the 59% material input share we

260ur estimates are higher than those of Van Leemput (2021) for 2011, also using the DGCIS data. While
our approach is based on theirs, we make some methodological choices that differ from theirs (detailed
in Appendix A4.) and restrict our attention to goods for which we can measure the interstate trade share
in both 2000 and 2010. More recently, India’s Ministry of Finance estimated that, in 2017, interstate trade
in goods and services subject to the GST amounted to 60% of GDP (as opposed to production) (Ministry
of Finance, 2018).
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measure in the ASI.?” We set the exit probability of firms to match exit rates as estimated
by Peters (2020) for formal manufacturing plants in Indonesia.?® The remaining eight
parameters are calibrated to match a set of key moments in the baseline year 2000. All
parameters and moments are reported in Table 3.

Table 3: Parameters and moments in 2000

Parameter Description Value Moment Data Model

(A) Set externally

0 intermediate share 0.59 materials share ASI 59% 59%
) exit probability 0.082 exit rate (Peters (2020)) 8.2% 8.2%
(B) Jointly calibrated
Ap TFP distrib sector 114 aggr distrib share 3.8% 3.9%
€ slope of distrib wrt distance 43.2 aggr / avg distrib share 1.62 1.67
fixed cost of market access 42.4 sh sales across states 23.0% 23.7%
7 Pareto tail index 4.2 sales sh top 10% 82.8% 85.3%
fe entry cost 0.05 sales sh bottom 50% 1.7% 1.7%
fo fixed cost of exporting 0.06 sh of plants that export 12.9% 13.1%
Kz variable cost of exporting 2.40 distrib share exporters 4.5% 4.5%
Y., world demand 0.010 conditional export share 23.1% 22.9%

Notes: Table 3 reports the calibrated values for the model’s key parameters, the data moments used for calibration, and their model
counterparts. “Sales across states” is computed as one minus the share of sales within state. All other moments are computed using
the ASI. Conditional export share is the share of plant sales that are exported conditional on export status. Parameters are chosen
to match the equally weighted sum of squared deviations of model and data moments.

Identification While all eight parameters are jointly identified by all moments, they
differ in their respective sensitivity to each moment. Table 3 aligns each parameter next
to the moment it is most sensitive to. We now discuss identification of the three key
parameters of the model — Ap, 5, and € — in more detail.

The productivity of the distribution sector, Ap, determines the amount of resources
the economy as a whole allocates to distribution. As Figure 3 shows, the value of Ap
mostly affects the aggregate distribution share, with very little impact on all other mo-
ments. In particular, an increase in A, reduces the average and the aggregate distribu-
tion shares in similar proportions.

Z'Intermediate inputs are only purchased from other manufacturing firms in the model, and so we
calibrate the intermediate share to match the material input share in the data (therefore excluding pur-
chases of service intermediates). In Appendix B4., we re-calibrate the model for alternative values of the
intermediate share and show that our conclusions are robust to higher or lower shares.

Z8The ASI is not suitable for measuring exit because plants are randomly included in the sample. We do
not know of alternative estimates of exit rates for manufacturing plants in India.
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The rate at which distribution requirements rise with distance, ¢, affects the aggre-
gate distribution share much more than the average distribution share. When ¢ = 0, the
average and aggregate distribution shares are identical since all firms spend the same
proportion of sales distributing their products. As ¢ increases, distribution costs rise
more steeply with distance, affecting larger firms more. As a result, the aggregate distri-
bution share increases more than the average.

The rate at which the fixed cost of accessing markets increases with distance, £, is
primarily identified from the average distance firms sell their products. A given level of
distribution expenses could be driven by either high costs and firms selling locally, or
lower costs and firms selling to more distant markets. We tease the two stories apart
using the interstate trade share. In the model, “sales in state” are defined as a firm’s
sales within the radius corresponding to a typical state’s share of Indian GDP. As a result,
a segment length of approximately 7% is considered to be within-state sales. The third
panel of Figure 3 illustrates that the value of 5 strongly affects the share of sales that
cross states.

Figure 3: Identifying fixed and variable components of distribution
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Note: Figure 3 shows sensitivity of model moments to parameters. Starting from the baseline calibration, each
panel plots all three moments relative to their baseline values as a function of a single parameter, holding all
other parameters constant at their baseline values. The change in each parameter is also measured relative
to baseline.

We calibrate 7, the shape parameter of the firm productivity distribution, and the
entry cost, f., to match the employment distribution across firms. The lower 7 is, the
more skewed the distribution of productivity and hence size. The larger f. is, the more
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productive a firm must be in order to operate, which reduces the top 10% employment
share and increases the employment share of the top 50%.

Finally, we calibrate the model’s export block. Conditional on all other parameters,
f=, the fixed cost of exporting mostly affects the extensive margin, that is, the fraction of
plants that choose to export. The world demand shifter Y,, governs relative sales of firms
domestically vs abroad. We do not directly observe how much firms spend on distribut-
ing their products, but we infer international distribution costs from the distribution
share of exporting firms (and their difference relative to the average distribution share
of all firms). Figure 15 in Appendix B plots all moments against all parameters.

5. How Important are Distribution Costs?

In this section, we quantify the importance of distribution costs for aggregate consump-
tion and for measuring misallocation. Throughout this section, we report changes in
manufacturing consumption in the model economy; for simplicity, we refer to these as
aggregate consumption.?®

5.1. Aggregate Effect of Level and Heterogeneity in Distribution Costs

In Section 2., we document two key facts about distribution costs: they are large in the
aggregate, and bigger firms spend more — as a share of sales — on distributing their goods.
We first run a set of counterfactuals to quantify how much the level of distribution costs
and the heterogeneity across firms matter for aggregate consumption.

Level of distribution costs. The Indian manufacturing sector spends around 4% of
sales on distributing their products. To put that number into perspective, we run a
counterfactual in which distributing goods is free (Ap = o0) and hence all firms have
a distribution share of zero. Comparing this economy to our baseline calibration allows
us to quantify the output loss from the high level of (variable) distribution costs we find
in the data. Table 4 reports all main results for this section.

In an economy in which no firms incur any variable costs of distributing their goods
from the factory gate, aggregate consumption would be over 20% higher. This is not
meant to be a realistically achievable counterfactual, but rather an answer to the ques-
tion of how important an aggregate distribution share of 3.8% is for the economy as a
whole.

29From 2000 to 2010, India’s manufacturing share of GDP averaged 16.5% (World Bank, 2026a).
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Table 4: Aggregate effects of distribution costs

Consumption Gains

(A) Importance of the level of distribution costs

No distribution costs (Ap = o) +21.3%

(B) Importance of heterogeneity across firms

Distribution costs constant wrt distance (e = 0) +9.2%

Lower productivity in distribution sector Ap | 10%
e =432 -1.7%
e=0 -1.0%

Thicker tail of firm productivity (n | 1%)
e =43.2 8.1%
e=0 8.7%

Notes: Table 4 reports the change in consumption resulting from changing key parameters of the model. Part A reports the
gains of eliminating distribution spending altogether by setting Ap = co. In the first row of part (B), we report the gains of
setting ¢ = 0. The last four rows compare the effects of changing Ap and 7 in the baseline model and in a model with e = 0
respectively. Unless otherwise specified, all parameters are set to the level calibrated in Table 3.

The consumption gains from reducing distribution costs arise through several chan-
nels. First, improving the efficiency of distribution frees up labor resources to be re-
allocated to the manufacturing sector. Such gains would also be present in a model
without heterogeneous firms or a choice of which markets to sell to. The magnitude
of this channel depends on the production structure of the economy, as produced in-
termediate goods also need to be shipped across space, leading to a compounding of
distribution costs. In the Indian data, the materials share is high—59%—and hence a
cost that accounts for 4% share of sales can have large aggregate consequences.*°

Second, in our model, firms sell to more distant markets now that the variable cost
of distributing goods is zero; consumers therefore have access to more varieties.3! This
can be seen by the fact that the interstate trade share increases by about 12%. Third, the
expansion into more distant markets is most pronounced for the largest firms, which
produce the highest-quality goods and spend the most on distributing them. The em-
ployment share of the top 10% of firms increases by close to 1%. Consumers, there-

30To illustrate this channel, we re-calibrate the model to a 10% higher and lower intermediate share in
Appendix B4..

31Since 8 > 0, there is still a fixed cost of accessing markets and hence an interior solution for the choice
of market access.
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fore, have access to high-quality goods produced farther away. Finally, the expansion of
firms drives wages up in general equilibrium. This increases the productivity threshold
at which firms exit the market by about 1.5%.

Heterogeneity in distribution costs. To quantify how much the systematic size de-
pendence of distribution costs matters for aggregate output, we run a second coun-
terfactual in which we set € to zero. In such an economy, the variable cost of selling
goods locally (to a market of distance zero) is identical to the cost of selling goods to
the furthest location, and all firms have equal distribution shares. We estimate large
consumption gains of around 9%. The reduction in e disproportionately benefits large
firms, leading them to expand further and pushing out small and unproductive firms.

In addition to its direct effect on consumption by constraining larger firms, a high
¢ also makes the economy more susceptible to low TFP in the distribution sector. To
quantify this complementarity, we simulate a 10% reduction in Ap in both the baseline
model and a model where ¢ = 0. When all firms spend equally on distribution services
(e = 0), a decrease in Ap leads to a 1% loss in consumption, as more resources must
be allocated to distribute goods across space. With our calibrated value of ¢, larger and
more productive firms are more affected by the decline in distribution TFP, leading to a
more than 50% amplification of output losses.

The presence of size-dependent distribution costs also limits the gains from improv-
ing firm quality or productivity. Consider, for instance, a 1% decrease in 7, the shape pa-
rameter of the Pareto distribution of firm productivity. A lower 7 leads to both a higher
mean and a thicker right tail of firm productivity. The gains from such a productivity
shift are around 6% lower in the baseline model with our calibrated ¢, relative to a model
where ¢ = 0. The gains from increasing the set of high-productivity firms are dampened
because these firms are disproportionately constrained by distribution costs, thereby
limiting their growth potential.

Misallocation and distribution costs The market equilibrium in the model is efficient.
The average revenue product (TFPR*), if measured correctly as total revenues divided by
total variable costs (including variable distribution costs), is equalized across firms.

As noted in Section 2., firm revenues are typically reported net of distribution ex-
penses in surveys. The measured average revenue product (TFPR) is therefore calcu-
lated as revenues net of distribution costs divided by inputs excluding variable distribu-
tion costs. From our model’s perspective, this results in spurious TFPR dispersion that
could be misinterpreted as reflecting misallocation. Moreover, it is likely to affect the re-
lationship between measured TFPR and firm size. This is a key moment for inferring the
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elasticity of distortions with respect to firm productivity, which has important implica-
tions for misallocation losses (Bento and Restuccia, 2017) and for plant growth over the
life cycle (Hsieh and Klenow, 2014). In the calibrated model, the slope of log(TFPR) with
respect to log firm size is 0.0053, in contrast to a slope of 0 for log(TFPR*). Incorrectly
accounting for distribution costs, therefore, not only generates dispersion in TFPR but
also results in a spurious positive relationship between TFPR and firm size.

We estimate how important these issues are in practice in the ASI, constructing both
TFPR and TFPR*.3? In Table 5 we contrast the variances of both measures and their elas-
ticity with respect to plant size. We find that the variance of TFPR* is 5.1% smaller than
TFPR, and the slope with respect to firm size is 7% smaller. Given that these stem from
mismeasurement in just one variable that accounts typically for 1-4% of sales, this is sig-
nificant. To put these numbers in perspective, Bils et al. (2021) estimate that all forms
of additive measurement error in the ASI (in revenues and inputs) result in a corrected
variance of log(TFPR) 30% lower than the uncorrected variance.

Table 5: TFPR Dispersion and Size Dependence

Variance Slope on log(Employment)

TFPR 0.0235 0.0111
TFPR* 0.0223 0.0103
% Change TFPR* vs. TFPR -5.1 -7.0

Notes: TFPR* is revenue productivity, measured as total gross output divided by total costs (labor costs
+ intermediates + capital costs + distribution costs). TFPR additionally nets out distribution costs from
output and total costs. Both are residualized on sector-year fixed effects, and have the 1% tails trimmed.
Variance is the cross-sectional variance of the trimmed residual. Slope is from a regression of the resid-
ual on log employment, controlling for sector-year fixed effects. Sampling weights used throughout.

5.2. Changes in the distribution sector over time

In this section, we recalibrate the model to the Indian data in 2010. This allows us to
estimate the consumption gains from improvements in distribution during a period in
which India’s transportation infrastructure expanded rapidly. We recalibrate the three
key parameters directly affecting the use of distribution services, Ap, ¢, and 5, targeting
the 2010 values of the corresponding moments. For the aggregate and average distri-

32To be specific, we measure TFPR* as gross revenues divided by total costs (including distribution
costs), and TFPR as revenues net of distribution costs divided by total costs excluding distribution costs.
Using total costs in the denominator instead of the geometric average of inputs recovers the revenue
distortion even in the presence of firm-specific production elasticities, provided that there are no relative
input distortions.
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bution shares, we target changes adjusted for industry composition, since our model
focuses on within-sector changes. We hold all other parameters constant at their 2000
values to focus on the role of changes in distribution costs in the model.

We begin by comparing the two steady states—2000 and 2010. In the next section,
we analyze transition dynamics.

As can be seen by comparing Table 3 with Table 6, there were large changes in India’s
distribution efficiency between 2000 and 2010. First, the aggregate distribution share
fell from 3.8% to 2.9%. Second, the ratio of the aggregate to the average distribution
share fell from 1.6 to 1.5. Third, the interstate trade share increased from 23% to 32%.

The identification of the three parameters governing distribution costs is similar to
that for the baseline year. Through the lens of the model, the changes in the first two
moments imply both an increase in the productivity of the distribution sector (higher
Ap) and areduction in the rate at which distribution costs increase with distance (lower
¢). We infer this reduction from the fact that distribution expenses fell relatively more
for larger firms. While a higher A and lower ¢ imply an increase in the interstate trade
share, we infer from the model that fixed costs of distribution must also have declined
substantially in order to quantitatively explain the increase in the interstate trade share.
Table 6 reports all calibrated parameters and moments for 2010.

Table 6: Parameters and moments in 2010

Parameter Value Moment Data Model
Ap 15.6 aggregate distribution share 2.9% 2.9%
€ 23.5 aggregate / average distribution share 1.52 1.52
o] 34.6 share of sales across states 31.7% 31.7%

Notes: Table 6 reports the calibrated values for the three recalibrated parameters as well as the data moments used for calibration
and their model counterpart. See Section 4.1. for a description of the share of sales across state. All other moments are computed
using the ASI.

As previously described, one potential driver of the dramatic decline in the costs of
distribution we infer is the massive investment in India’s road network during the 2000s.
India’s National Highways Development Project was launched in 2001 to improve the
country’s underdeveloped highway network. A particular well-known investment was
the Golden Quadrilateral highway network (GQ).2®* The GQ was launched in 2001 and
completed in 2012, though more than 90% of the project was finished by 2006. It linked
together the four distant major economic centers of Delhi, Mumbai, Chennai, and Cal-
cutta. Asturias et al. (2019) find that the GQ led to large income gains in the manufactur-

33This was followed by the construction of the North-South and East-West corridor. Around the same
time, the Prime Minister’s Village Road Program was also begun to improve rural road access.
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ing sector, including through improvements in allocative efficiency. From our model’s
perspective, the GQ affects Ap, ¢, and 5. A decline in the marginal cost of shipping to
any location along the GQ can be mapped into an increase in Ap within our framework.
The GQ was also particularly important in connecting very distant locations. This re-
duced the relative cost of shipping longer distances, thereby lowering e. Finally, the GQ
may have facilitated the flow of information and made it easier for managers to locate
distributors in new markets, thereby reducing 3.

Another potential driver of the decline in distribution costs is an increase in compe-
tition in the transportation and distribution sectors. Arnold et al. (2016) show that pro-
competitive reforms were important in the transportation sector from 1993 to 2005 and
led to productivity gains for manufacturing firms. Increases in competition in the distri-
bution sector could lead to higher productivity and lower markups, both of which would
translate into higher sectoral productivity A, within our framework. To the extent that
such increases in competition particularly affected long-distance transport and market-
ing, they could also have led to decreases in € and 5.

Aggregate Output Effects. We find that the combined improvements in India’s distri-
bution sector led to an increase in manufacturing consumption of close to 25%. That
is, in 2010, consumption of the representative household that saw changes in the three
parameters governing distribution (¢, 5, Ap) would have been 25% higher than in 2000.

Table 7: Consumption Gains From Improvements in Distribution Sector

All three Ap only e only $ only
24.5% 4.6% 3.8% 13.9%

Notes: Table 7 reports the aggregate consumption gains of the cal-
ibrated changes in distribution costs. Column 1 sets all three pa-
rameters to their 2010 values; columns 2-4 move only one param-
eter at a time, keeping all others at their calibrated 2000 values.

We then decompose the gains into the contribution of each of the three components.
We do so by moving one parameter at a time to their 2010 value while leaving all other
parameters at their 2000 values. Two key results emerge.

First, the fixed cost of accessing more distant markets played an important role. The
reduction in S alone (the rate at which fixed cost increases with distance) leads to con-
sumption gains of 14%. The main data moments that allowed us to infer the reduction
in ( are the increase in interstate trade over this decade. The improvement in distribu-
tion sector TEP as well as the reduction in the rate at which variable costs increase with
distance, also had sizeable aggregate effects on the order of 5% and 4%, respectively.
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In Section 2., we found suggestive evidence that variable distribution costs declined
more in states where transportation infrastructure improved as a result of the Golden
Quadrilateral highway network. Our findings that aggregate consumption increased
substantially as a result of declining distribution costs therefore point towards a poten-
tially important role of infrastructure investments and other government policies for
promoting the development of the manufacturing sector.

5.3. Dynamics of adjustment and incidence of gains

In reality, it takes firms time to find distributors to expand into new markets. Simi-
larly, new entrants may need time to set up their business. To analyze the dynamics of
improvements in distribution sector productivity, we simulate a modified economy in
which the transition to the new steady state takes time. Starting from the steady state in
the 2000s, we implement the one-time change in { A, ¢, 5} identified in Table 6. In each
period ¢, a firm meets a distributor with probability £ and can, from now on, choose N*
as well as its export status optimally. A firm that has not yet met a distributor, which
happens with probability (1 — £)’ may only adjust downwards. In particular, it may stop
exporting, sell to fewer markets, or exit, but not access new markets.

Similarly, we allow the mass of potential entrants to increase only gradually to the
new level prevailing in the 2010 steady state. In the transition period, it adjusts by the
same increment ¢ each period. That is, the fraction of firms that draw a quality level
¥ each period and then decide whether to remain active is a weighted average of the
entry rates in the old and new states, with the weight on the new value increasing by
¢ each year. Any aggregate profits present during the transition period are rebated to
households.

For this section, we set ¢ = 0.1, implying it takes on average 10 years for a firm to
get the chance to expand to its optimal number of markets. In Appendix B2., we show
results for a lower (£ = 0.05) and higher (¢ = 0.2) speed of adjustment.

Figure 4 plots the evolution of manufacturing consumption (top panel) as well as the
mass of active firms (bottom panel) in the transition. Even though firms may expand to
new markets with only a 10% probability each year, aggregate consumption transitions
to the steady state quite rapidly. In the first year, 62.3% of the increase in aggregate
consumption has materialized. Note that in this first year, no firm has been able to
update the number of markets it sells to. Hence, the year 1 response quantifies the direct
effect of lower distribution costs, holding distance shipped fixed. Ten years after the
reform, aggregate consumption reached 88% of its final level.

When the probability of meeting a new distributor is higher (¢ = 0.2), the transition
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Figure 4: Consumption and the Mass of Firms during the Transition

Notes: The top panel plots the % change in aggregate consumption relative to the initial steady state in 2000, while the
bottom panel plots the % change in the mass of firms. In both panels, the dashed horizontal line corresponds to the
new steady state, while the solid blue line corresponds to the transition path for ¢ = 0.1.

is even faster, reaching 94.4% of the new steady state value by 2010. Even when the
probability that firms are allowed to expand into new markets is as low as 5% per year,
over 80% of the gains in aggregate consumption have materialized within the first 10
years.

The reason why the transition is so rapid is two-fold. First, firms immediately ben-
efit from the reduction in distribution costs - both variable and fixed - in all markets
they serve in 2000. Even though firms cannot access new locations within India or start
exporting, they do expand sales to their existing customers. Second, the expansion of
sales puts upward pressure on the wage, which in turn triggers the exit of unproductive
firms. In fact, in the first period, the exit rate is nearly 25%.

The lower panel of Figure 4 illustrates the exit and entry dynamics. Initially, high exit
rates among unproductive firms reduce the mass of firms below the 2010 steady-state
level. Gradually, the mass of firms increases thereafter. This process takes time, since
entry is becoming increasingly selective. Faced with a higher wage, firms must be more
productive to justify paying the entry cost.

Selection of Entrants and Sales Concentration in the data We now turn to check
whether relevant moments from the data behave as predicted by our model. Of course,
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this evidence is only suggestive of the validity of the mechanisms in our model, as many
features of Indian manufacturing changed from the late 1990s to the early 2010s.

Because the ASI is a survey with sampling weights, it is not possible to construct a
good measure of exit from the data. We can, however, identify entrants based on the
reported age of the plant, and group together all plants under the age of 5. We look
at how the selection of entrants changed across three-year windows by plotting their
average employment relative to 1999-2001 (the left panel of Figure 5). As predicted by
the model, the average size of entrants increased gradually over time (more so than the
average plant size of incumbents), consistent with increasingly selective entry.

Another telling moment from the data is the evolution of sales concentration. Re-
call that sales concentration in 2000 was used as a moment to estimate the model. We
plot in the right panel of Figure 5 the sales share of the largest 10% of firms by 3-year
window. Sales concentration increased by around 2 percentage points from 1999-2001
to 2002-2004, and remained at this higher level for the next decade. The rising sales
concentration of larger firms is again consistent with the exit of plants and a shrinking
concentration of sales in the left tail of the distribution, with larger firms in particular
benefiting from the reduction in distribution costs.

Figure 5: Entrants and Sales Concentration in the Data
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Notes: Data source is the Indian Annual Survey of Industries 1999 to 2013. The left figure shows average employment in
young (under or equal to 5 years) and mature (over 5 years) firms by 3-year window, normalized relative to the 1999-2001
window. The right figure shows the share of sales of the largest 10% of firms by 3-year window.

Winners and losers The gains from improvements in India’s distribution sector were
not equally distributed across existing firms but concentrated among those that were
large to begin with. Figure 6 plots the change in variable profits against their value in
2000.
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Figure 6: Changes in Profits between 2000 and 2010
Notes: Figure 6 plots the % change in firm profits between the old and the new steady states against the firms’ (log)

profits in the old steady state. The two vertical lines, labeled 3., and v¥3,,,, show the profit of the firm that is
indifferent between exporting and not in the two steady states.

The bottom 25% of firms exited altogether, and 79% of firms active in 2000 saw their
profits decrease in the new steady state. These are the small, low-productivity firms
that serve mostly local markets. For them, high transportation costs served as a shield
against competition from more productive and larger businesses. With a more inte-
grated domestic market, they either shrink or go out of business.

The fact that most firms saw their bottom lines worsen after reductions in distribu-
tion costs may offer a glimpse into the political economy of public infrastructure. When
many firms (by number) benefit from being shielded by competition, any measure that
improves market access of productive firms may struggle to find a majority, even when
the aggregate gains from such a policy would be large.

Improvements in India’s domestic economy also lead to a deterioration of the terms
of trade. This is most visible in the middle of the distribution, where some firms used to
export but no longer find it profitable to do so in the new steady state.

5.4. Extension: Multi-Plant Firms

In the baseline model, firms are restricted to operating in a single location. This model-
ing choice is largely driven by data limitations: the unit of analysis in the ASI is a plant,
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and plants of the same firm cannot be linked. If firms open new plants to help mitigate
high distribution costs, our model in the previous section and the counterfactuals we
run risk overstating the importance of variable distribution costs.

To gauge the potential importance of this channel, we calibrate an extended version
of the model (see Appendix B3. for the detailed setup). Upon entering and discovering
their productivity, firms may open a second location along the circle for an additional
fixed cost. We calibrate this fixed cost to match the fact that multi-plant firms account
for 46% of sales in the data. In the model as well as the data, large and productive firms
are the ones that choose to open a second plant.

If firms can overcome large distribution costs by opening a plant in a second loca-
tion, the detrimental effects of low TFP in the distribution sector are naturally smaller.
However, quantitatively, the two models yield very similar results. Eliminating variable
distribution costs raises manufacturing consumption by 20.6%, compared to 21.3% in
the baseline model, and setting ¢ = 0 raises manufacturing consumption by 8.3%, com-
pared to 9.2% in the baseline. Finally, applying the 2000-2010 changes in distribution
parameters increases manufacturing consumption by 24.5%, which is essentially iden-
tical to the baseline result.

We therefore conclude that our baseline model of one-location plants is an appro-
priate modeling assumption for the focus of this paper. A full treatment of endogenous
location choice, which is beyond the scope of our data, remains a very promising area
for future research.

6. Conclusion

In this paper, we examine the importance of a well-functioning distribution sector for
manufacturing firms and aggregate output. Using a unique measurement of outward
distribution expenses for Indian manufacturing plants, we document that distribution
expenses are not only large, but also — as a share of sales — over three times larger for
big relative to small plants. These empirical findings suggest that a poorly functioning
distribution sector can easily become a bottleneck: as firms grow, they require more and
more distribution services, and marginal costs rise.

To quantify the importance of this new finding, we build a model of heterogeneous
manufacturing firms that purchase inputs from the distribution sector in order to sell
their goods across space. We pin down the rate at which variable shipping costs increase
with distance by matching the observed relationship between plant distribution shares
and size. Accounting for differential exposure of manufacturing firms to the distribution
sector is important: aggregate consumption losses from low TFP in distribution are 1.7
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times larger than in a world with equal distribution shares across firms.

We then evaluate the consolidated consumption effects of improvements in India’s
distribution sector between 2000 and 2010. Rather than analyzing individual policies,
we infer changes in fixed and variable costs of accessing markets from three trends: the
aggregate distribution share declined from 3.8% to 2.9%, the relationship between size
and the distribution share flattened, and intranational trade increased from 23% to 32%.
Overall, this led to consumption gains of 24.5% over the ten years. While these gains
materialized quickly, they were unevenly distributed. A quarter of plants are predicted
to exit in the first few years alone: these are small, low-productivity plants that were
previously shielded from competition by large intranational trade costs.

Our findings reinforce the importance of policies affecting competition in the dis-
tribution and transportation sectors in developing countries. As of 2020, India has the
second-highestrestrictions on foreign entry in distribution services among OECD coun-
tries and among the highest barriers to entry in the transport and distribution sec-
tors (OECD, 2020). An additional implication of our findings is that such frictions may
dampen firms’ incentives to innovate or invest in cost-reducing measures. The private
benefits of such investments are substantially reduced if the firm’s growth potential is
constrained by high costs of expanding into new domestic markets. This could there-
fore contribute to the weak life-cycle growth of plants in India and other developing
markets documented in Hsieh and Klenow (2014).
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A Data Appendix

Al. Annual Survey of Industries

We use the Indian Annual Survey of Industries (ASI) for the years 1993 to 2013. The
microdata is publicly available through India’s Ministry of Statistics and Programme Im-
plementation (MOSPI). The reference period of the survey is the accounting year, which
in India begins on the 1 of April and ends on the 31% of March the following year. We
reference the surveys by the earlier of the two years covered. The ASI is a representa-
tive sample of plants with at least 10 workers, though the threshold is 20 workers for
plants that don’t use power. ASI sampled plants fall into two schemes: Census and Sam-
ple. Census plants are surveyed every year. They consist of plants with more than 100
workers and plants in 12 of the industrially ‘backwards’ states.>* The remaining plants
fall into the Sample scheme and are sampled at random within state 3-digit industry
category. Sampling weights are provided with the data.

We construct plant output as the sum of the gross value of product sales, changes
in inventories and other sources of revenue. Employment includes both paid and un-
paid labor. Labor costs include wages and salaries, bonuses, contributions to the firms’
provident (pension) fund, and other welfare expenses. The capital stock is measured as
the average of beginning and end of year book value of the net fixed capital stock. Inter-
mediate inputs include materials and fuels consumed as well as other expenditures. We
construct a harmonized sectoral classification consisting of 50 manufacturing sectors
that are consistently defined throughout our time period.3®

A2. Plants with Zero Distribution Expenses

In this appendix we provide some additional details on plants that report zero distribu-
tion costs.

On average over the sample period, 25% of plants report zero distribution expenses,
but this share rises from 22 percent to around 27 percent over time (Figure 7 (a)). Small
plants are far more likely to report zero distribution expenses (Figure 7 (b)). Among
plants with 1-9 employees, almost half report zero distribution expenses. In contrast,
for plants with over 250 employees, this share falls to below 10%.

While the aggregate and average distribution shares are mechanically higher when
plants with zero distribution costs are dropped, Figure 8 shows that our two main em-

34The size threshold for plants to be included in the Census sample is 200 in some years during the
1990s.

35The official sectoral classification (NIC) changed in 1998, 2004 and 2008. We use official NIC concor-
dances to construct our harmonized classification.
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Figure 7: Firms with Zero Distribution Costs
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Notes: Data source is the Indian Annual Survey of Industries 1993 to 2013. The left figure shows the share of firms over
time whose reported distribution costs are zero. The right figure shows the share of firms by employment bin reporting
zero distribution costs, pooling all years.

pirical findings, 1) the decline in the aggregate distribution share, and 2) the increasing
plant-level relationship between the distribution share and size, still look very similar
even with this sampling restriction.

Table 8 reports some additional summary statistics comparing plants that report
strictly positive vs. zero distribution costs. While plants with zero distribution costs
are smaller, they also tend to have slightly higher labor and capital shares, and slightly
lower material and fuel shares, than firms reporting positive distribution costs. Table 9
additionally lists the sectors with the highest and lowest share of plants reporting zero
distribution costs. We do not see any systematic patterns that lead us to be concerned
about how we interpret this measure of distribution costs.

A3. The Golden Quadrilateral Highway Network

In this appendix we do a simple exercise to see whether trends in the aggregate distribu-
tion share and the relationship between the plant-level distribution share and size are
correlated with a measurable large improvement in infrastructure in India: the Golden
Quadrilateral highway network.

India’s National Highways Development Project was launched in 2001 with the goal
of improving the country’s underdeveloped highway network. One of the main invest-
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Figure 8: Main Findings for Firms with Strictly Positive Distribution Costs
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Table 8: Summary Statistics for Plants with Zero Distribution Costs

Distribution Costs >0 Distribution Costs =0

Labor 96.12 38.49
Cost Shares
Labor 0.106 0.157
Materials+Fuels 0.736 0.688
Capital 0.059 0.078

Notes: The table reports averages of several variables for plants with zero distribution costs and those
with strictly positive distribution costs. Within-year averages are taken using sampling weights, which
are then averaged across years. Labor is measured in number of workers. The labor, material+fuels and
capital share are all measured as a share of total costs (the residual is non-material and fuel intermedi-
ate inputs).



PETER AND RUANE

Table 9: Sector Shares of Plants, Output, and Labor with Zero Distri-
bution Costs

Sector Plants Output Labor

Bottom 10 Sectors by Share of Plants

Wearing apparel 0.073  0.022 0.039
Knitted and crocheted fabrics 0.076 0.021 0.035

Office, accounting and computing ma- 0.087  0.072  0.056
chinery

Medical appliances and instruments 0.099 0.085 0.069

Man-made fibers 0.103 0.012 0.023
Insulated wire and cable 0.109 0.039 0.061
Railway and tramway locomotives 0.115 0.184 0.209

Electric motors, generators and trans- 0.119  0.062  0.067
formers

Electronic valves, tubes and compo- 0.123 0.073  0.067
nents

Transport equipment n.e.c. 0.129 0.036  0.059

Top 10 Sectors by Share of Plants

Basic iron and steel 0.278  0.073  0.095
Refined petroleum products 0.284 0.495 0.393
Glass and glass products 0.284 0.045 0.127
Furniture 0.321 0.043 0.102
Beverages 0.359 0.081 0.102
Tobacco products 0.460 0.316 0.188

Wood, cork, straw and plaiting materi- 0.473  0.160 0.271
als

Coke oven products 0.494 0.500 0.537
Sawmilling and planing of wood 0.505 0.305 0.447
Non-metallic mineral products n.e.c. 0.549 0.080 0.340

Notes: The table reports by sector the share of firms, output and labor with zero distribution costs.
Only the 10 sectors with the highest and lowest share of plants are included.
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ments was the Golden Quadrilateral highway network (GQ). The GQ was launched in
2001 and completed in 2012, though more than 90% of the project was finished by 2006.
It linked together the four distant major economic centers of Delhi, Mumbai, Chennai,
and Calcutta, and linked together roughly half of India’s states. Asturias et al. (2019) find
that the GQ led to large income gains in the manufacturing sector through a reduction
in transport costs.

We first consider whether changes in the aggregate distribution share were larger in
states through which the GQ passed than other states. In the top left panel of Figure 9,
we show the state by state levels of the aggregate distribution share for a time window
of 1999-2000 and 2009-2010, while in the top right panel we plot the changes between
the two windows.?® We separate states in which the GQ was built and states through
which the GQ did not pass. It is clear that state distribution shares fell more on average
in states through which the GQ passed than states through which it did not pass. The
change averaged -1.2 percent for GQ states, and -0.7 percent for non-GQ states.?’

Similarly, the bottom left panel shows the ratio of the aggregate to average distribu-
tion shares state-by-state separately for the two windows, while the bottom right panel
shows how these ratios have changed over time. Once again, we find that states through
which the GQ passed saw large declines in this ratio than states through which the GQ
did not pass. For the average GQ state, the aggregate to average distribution share ratio
was 14% lower in 09-10 than 99-00, while it was 11% higher for non-GQ states.

While these results are only suggestive of the construction of the GQ having a mea-
surable impact on the distribution expenses of Indian manufacturing plants, they are
consistent with government policies and infrastructure investments playing a role in
the distribution share trends we document in the paper.

A4. Interstate Trade

We obtain data on interstate trade from the Indian Directorate General of Commercial
Intelligence and Statistics (DGCIS). DGCIS collects and publishes historical data on in-
terstate goods flows by rail, river and air in the ”Inter-State Movements / Flows of Goods
by Rail, River and Air”. Data are collected by DGCIS for tax purposes based on invoices
of commodity consignments. These are reported for 70 different goods categories, in-
cluding both agricultural commodities and manufactured goods. Shipments between

36We average 1999 and 2000 as well as 2009-2010 to minimize the role of transitory changes in distri-
bution shares. Our results are very similar for different choices of windows. We drop the states Sikkam,
Telangan and Meghalaya as these are very small states with very few industrial plants.

37We find a smaller albeit still substantial difference when we control for differences in industry com-
position across states.
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all Indian states are reported, with separate entries for shipments for international ex-
port.3® For example, shipments from Delhi to ‘Other ports of Karnataka’ are reported,
as well as shipments from ‘Karnataka (excluding ports)’ to ‘Other ports of Karnataka'
This is the only dataset of which we are aware which contains historical information on
interstate trade in India.®

As described in section 4.1., the approach to constructing the interstate trade share
(adjusted for shipments by road) is possible because we have information both on ship-
ments for export and for domestic consumption. For each commodity, we first con-
struct:

quantity exported by rail

quantity shipped interstate by rail (19)

We then make the following assumptions: 1) for each commodity, the share of ship-
ments by rail is the same for exports and domestic consumption, 2) the quality of goods
shipped interstate by rail is the same for export and for domestic consumption. It fol-

lows that:
quantity exported by rail B aggregate value exported 20)
quantity shipped interstate by rail ~ aggregate value shipped interstate
For each commodity, we then construct it’s aggregate export intensity, given by:
1 d
export intensity = aggregale value exporte (21)

aggregate value of domestic production

For each commodity, we then obtain the interstate trade share by dividing Equation 21
by 20:

aggregate value exported
aggregate value of domestic production (2 2)
aggregate value exported
aggregate value shipped interstate

interstate trade share =

With appropriate data, the steps described above can, in principle, be implemented for
each of the 70 good categories in the DGCIS data. In practice, however, we can only use
a much more limited set of goods. The first issue is that we can only implement this ap-

38Exports are reported for the main port states of Andhra, Gujarat, Karnataka, Kerala, Maharashtra,
Tamil Nadu and West Bengal. The main state excluded is Delhi, which accounts for 8% of Indian exports
(Van Leemput, 2021). Given this is omitted in both 2000 and 2010, we don’t expect it to bias our estimates
of the change in the interstate trade share.

39Van Leemput (2021) is the first paper we have seen to use this data to calculate India’s interstate trade
share. Their focus is on measuring the level of the interstate trade share in 2011-2012, while we focus on
the change from 1999-2000 to 2009-2010.
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proach for commodities that were exported in both 2000 and 2010. India’s trade liberal-
ization was still underway in 2000, especially for agricultural commodities. Restricting
to commodities for which international exports are positive reduces our sample to 16
goods. The second issue is that we need comparable data on aggregate export values
and aggregate production for each commodity. We obtain this from a variety of sources,
including the ASI, Indiastat and CEIC.*® DGCIS uses its own commodity classification
which we concord manually to other classifications for which we can find data on ag-
gregate export values and domestic production values. Finally, we do not use the inter-
state trade shares for some goods because they are either greater than 100% or change
unrealistically between 2000 and 2010.*! These issues could be due to measurement
error in the data or differences in the quality of exports vs. domestic shipments. After
accounting for the limited concordance and other measurement issues, we end up with
a set of 5 agricultural and manufacturing good categories for which we measure the in-
terstate trade share in both 2000 and 2010: coal and coke, metal products, pulses, sugar
and mollasses, and iron and steel. We obtain our data moments by taking the average
interstate trade share across these 5 categories in each year.

40We scale up output from the ASI by 3/2 to account for informal production.
“1For example, the interstate trade share for ‘Other grains’ increases from 1.1% in 2000 to 96.5% in 2010.
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A5. Figures

Figure 10: Histogram of Distribution Share of Sales
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Source: Indian Annual Survey of Industries 1993 to 2013. The figure
shows a histogram of the distribution share of sales in India, winsorized
at 20%.
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Figure 11: Distribution Share vs Plant Size: Robustness
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Source: Indian Annual Survey of Industries 1993 to 2013. Both subfigures show binned scatter plots of the plant-level
distribution share against plant size, after residualizing on industryxyear x state fixed effects. We use the most detailed
industry classifications available in each year, 4-digit NIC87, 5-digit NIC98, 5-digit NIC04 and 5-digit NIC08. There are
between 400 and 700 manufacturing industries at this level of disaggregation. Subfigure (a) uses output as a measure of
plant size, and subfigure (b) uses labor.

Figure 12: Distribution Share of Sales for Non-Exporters
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Source: Indian Annual Survey of Industries 1997, 2008, 2009, 2011, 2012
and 2013. The figure shows a binned scatter plot of the plant-level distribu-
tion share against output for plants that report no exports. We residualize
both variables on sector xyear fixed effects.



DISTRIBUTION COSTS

Figure 13: Inward Distribution Share vs. Plant Size
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Source: Indian Annual Survey of Industries 1993, 1994 and 1996. Note: the
figure shows a binned scatter plot of plants’ inward distribution share of
materials and fuels against log(output). We residualize both variables on
sectorx year fixed effects. The ASI survey years used are 1993, 1994 and
1996 as these are the only years in which inward distribution costs are
reported. They include expenses incurred for acquiring and transporting
production materials.

Figure 14: Distribution Share of Total Costs vs. Plant Size
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Source: Indian Annual Survey of Industries 1993-2013. The figure shows
a binned scatter plot of the plant-level distribution share of total costs
against output. We residualize both variables on sector xyear fixed effects.
Total costs include intermediate expenditures, labor costs and the imputed
rental on capital assuming a rental rate of 20%.
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B Model Appendix

B1l. Identification of Model Parameters

=== DS agg
1.2 == DS agg/avg
sales in state
==+sales top 10%
1.1 =& - sales bottom 50%

share exporters

A ROSONA " —-=-distr. sh. exporter
! Bo! D0 v -Q-exports/sales

Figure 15: Identification 2000: all parameters

Note: Figure 15 shows sensitivity of model moments to parameters. Starting from the baseline calibration,
each panel plots all eight moments relative to their baseline value as a function of one parameter, keeping all
other parameters constant at their baseline value. The change in each parameter is also measured relative to
baseline.

B2. Gradual adjustment over time for alternative values of ¢

In this section, we replicate Figure 4 for higher and lower values of zi (¢ = 0.2 and z =
0.05). The remainder of the model is identical to the one laid out in Section 5.3.

B3. Multi-Plant Extension

Consider the model laid out in Section 3. with one additional feature. After paying the
entry cost and discovering their idiosyncratic quality ¢, firms have the option to open a
second location. This second location operates with the same quality level. We assume
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Figure 16: Consumption and the Mass of Firms during the Transition

Notes: The top panel plots the % change in aggregate consumption relative to the initial steady state in 2000, while the
bottom panel plots the % change in the mass of firms. In both panels, the dashed horizontal line corresponds to the
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Figure 17: Consumption and the Mass of Firms during the Transition

Notes: The top panel plots the % change in aggregate consumption relative to the initial steady state in 2000, while the
bottom panel plots the % change in the mass of firms. In both panels, the dashed horizontal line corresponds to the
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that firms place this second location at the opposite end of the circle from their first
one—given that the equilibrium is symmetric, doing so is optimal.

Opening a second location comes at a fixed cost, f,,,, measured in units of labor.
Since opening a second plant simply doubles a firm’s variable profits, they will choose
to do so if

I+ ()
0

Equation 23 defines a threshold level of ) above which firms choose to open a second
plant.

= W fmp (23)

Calibration Table 10 reports the results of the calibration of the multi-plant model.
Relative to the baseline, there is one additional parameter and one additional moment:
the fixed cost of opening a second plant which is chosen to match the share of aggregate
sales accounted for by multiplant firms.

Table 10: Parameters and moments in 2000 — multi-plant model

Parameter Description Value Moment Data Model

(A) Set externally

0 intermediate share 0.59 materials share ASI 59% 59%
0 exit probability 0.082 exit rate (Peters (2020)) 8.2% 8.2%
(B) Jointly calibrated
Ap TFP distrib sector 6.8240 aggr distrib share 3.8% 3.8%
slope of distrib wrt distance 39.6507 aggr / avg distrib share 1.62 1.62
3 fixed cost of market access 44.5366 sh sales across states 23.0% 22.8%
n Pareto tail index 4.5190 sales sh top 10% 82.8% 86.0%
fe entry cost 0.1014 sales sh bottom 50% 1.7% 1.7%
fu fixed cost of exporting 0.0471 sh of plants that export 12.9% 12.8%
Ko variable cost of exporting 2.3108 distrib share exporters 4.5% 4.5%
Y, world demand 4.1687 conditional export share 23.1% 23.0%
Jmp fixed cost 2nd plant 7.4614 sales share of multiplant firms 46.0% 46.0%

Notes: Table 10 reports the calibrated values for the model’s key parameters, the data moments used for calibration, and their model
counterparts. “Sales across states” is computed as one minus the share of sales within state. Conditional export share is the share
of plant sales that are exported conditional on export status. All other moments are computed using the ASIL.

For the over-time calibration in 2010, we use the same percentage change in the
three parameters, { Ap, ¢, 5}, that we had inferred for the baseline model in Section 5.2..
That is, Ap increased by 36%, ¢ decreased by 46% and 5 by 18.4%.

Results
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Table 11: Aggregate effects of distribution costs — multi-plant model

Consumption Gains

(A) Importance of the level of distribution costs

No distribution costs (4p = o) +20.6%

(B) Importance of heterogeneity across firms

Distribution costs constant wrt distance (e = 0) +8.3%

Lower productivity in distribution sector Ap | 10%

e =397 -1.8%

e=0 -1.1%
Thicker tail of firm productivity (n | 1%)

e =39.7 7.2%

e=0 7.8%

Notes: Table 11 reports the aggregate consumption effects of changing key parameters of the model. Part A reports the gains of
eliminating distribution spending altogether by setting Ap = co. In the first row of part (B), we report the gains of setting ¢ =
0. The last four rows compare the effects of changing Ap and 7 in the baseline model and in a model with ¢ = 0 respectively.
Unless otherwise specified, all parameters are set to the level calibrated in Table 10.

Table 12: Consumption Gains From Improvements in Distribution Sector

All three Ap only e only (3 only
24.5% 4.5% 3.4% 14.4%

Notes: Table 12 reports the gains of the calibrated changes in dis-
tribution costs. Column 1 moves all three parameters to their
2010 values, columns 2-4 move only one parameter at a time while
keeping all others at their value calibrated for 2000.
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B4. Robustness: Intermediate Share

To quantify the importance of an economy’s intermediate share for our results, we re-
peat the main counterfactuals for a 10 percentage point higher and a 10 percentage
point lower intermediate share. For each scenario, we re-calibrate all other parameters
to fit the same set of moments as in the main text. Table 13 summarizes the results.

As for the multi-plant extension, we use the percentage change in parameters across
time to quantify improvements in the distribution sector.

Table 13: Aggregate effects of distribution costs for different values of the intermediate
share

Higher # Lower ¢

(A) Importance of the level of distribution costs

No distribution costs (Ap = co) +25.7% +17.3%

(B) Importance of heterogeneity across firms

Distribution costs constant wrt distance (¢ = 0) +11.0% +7.4%

Lower productivity in distribution sector Ap | 10%

e = calibrated value -2.0% -1.5%

e=20 -1.2% -0.9%
Thicker tail of firm productivity (n | 1%)

e = calibrated value +8.7% +7.5%

e=0 +9.6% +8.0%

Notes: Table 13 reports the aggregate consumption effects of changing key parameters of the model. The first col-
umn corresponds to an economy with a higher intermediate share than the baseline, 6 = 0.65, while the second
column corresponds to an economy with a lower intermediate share than the baseline, 6 = 0.53. Part A reports the
gains of eliminating distribution spending altogether by setting Ap = oco. In the first row of part (B), we report the
gains of setting e = 0. The last four rows compare the effects of changing Ap and 7 in the baseline model and in a
model with € = 0, respectively. Unless otherwise specified, all parameters are set to the level calibrated in Table 3.
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Table 14: Consumption Gains From Improvements in Distribution Sector for different
values of the intermediate share

Higher ¢ Lower 6
All three changes +28.5% +21.1%

Only Ap +5.3% +3.9%
Only e +4.4% +3.1%
S only +15.7% +12.5%

Notes: Table 14 reports the gains from changing distribution
costs over time under two alternative values of 6. The first row
reports the gain from changing all three components jointly.
The remaining rows report the gains from changing each com-
ponent in isolation.



