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Abstract

We show that the efficiency of countries’ distribution systems helps determine the quality
of goods produced and traded, i.e., is a source of comparative advantage in quality. Using
the structure of our model and shipment-level imports data from Chile, we estimate the ef-
ficiency of trade distribution systems for a sample of 86 countries. We find that the implied
efficiency of distribution systems vary widely across countries, with the 90th percentile value
of per-shipment costs being almost 150 percent larger than the 10th percentile value. After
calibrating the parameters of the model, we show that differences in the efficiency of distri-
bution systems can generate more than half of the observed elasticity of export prices with
respect to per capita income. Moreover, the welfare effects of reducing inefficiencies in dis-

tribution systems via quality upgrading are larger than the effects via trade volumes.
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1 Introduction

Distribution costs, defined broadly as the costs of moving goods from the point of production to
the point of consumption, help determine the organization of economic activity both within and
across countries. Much is known about the ways that transportation networks — road, rail, ports
— and their associated costs affect the extent of specialization in production across regions and
so the extent and volume of trade (see Anderson and van Wincoop [2004], Hummels [2007], and
Redding and Turner [2014] for surveys). Much less well understood is how, not only transport
networks, but other aspects of the distribution system — inventory, logistics and distribution man-
agement costs — affect the characteristics of the goods produced in any location and the patterns
of trade." While it goes without saying that goods that are time sensitive — perishable goods,
seasonal goods, fashion goods — will be difficult to produce in and export from countries with
poor internal transport networks, long delays at ports and high shipping consolidation costs, little
in the way of systematic analysis has been done on this problem.

In this paper, we tackle this problem head on, examining how the efficiency of countries’
distribution systems helps determine, not just the volumes and directions of trade, but the quality
of goods produced and traded as well. We show that the efficiency of a country’s distribution
system can serve as a source of comparative advantage in quality: countries with very efficient
distribution systems have a comparative advantage in producing high quality goods relative to
those with inefficient systems. Moreover, we show that, while reductions in distribution costs
have a direct welfare benefit, due to the usual reasons, this benefit is small relative to the indirect
benefit that arises due to the quality upgrading that the enhanced distribution system facilitates.

Our point of departure for this analysis is evidence from transaction-level data on all imports
into Chile. Not surprisingly, we find in the data that the size and frequency of import shipments
vary considerably across HS 8-digit products. What is more surprising is that, within a given
HS 8-digit product category, the size and frequency of shipments vary in a systematic way with
the per-capita income of the exporting country. In particular, controlling for total export volume,
countries with higher per-capita income (rich countries) have smaller shipment sizes and more
frequent shipments than do countries with lower per-capita income (poor countries). Indeed, we
establish this relationship even when the same Chilean importer buys an HS 8-digit product from
rich and poor countries. Moreover, this importer pays higher prices for the product imported from

the rich country than the poor country: the level of a country’s development, the quality / price of

!One exception is the “shipping the good apples out” mechanism proposed by Alchian and Allen [1969] and
taken to trade data by Hummels and Skiba [2004]. In contrast to this mechanism, in our paper distribution systems
will be a source of comparative advantage and will affect the the quality of goods countries produce.



exports and size and frequency of transactions appear to be linked.

To uncover how (or if) this link can arise, we build a model of international distribution that
we imbed in a full, general equilibrium model of multi-country trade. Our model focuses on three
features of international product distribution. First, we observe in the data that i) importers make
infrequent shipments [Alessandria et al., 2010] and i1) the size and frequency of these infrequent
shipments vary across exporting countries, even within importer and traded product (see this
paper). The former suggests that a key feature of distribution systems is a fixed per-shipment cost
associated with exporting, while the latter suggests that at least some part of the per-shipment cost
is export-country specific. These (country-specific) per-shipment costs can represent a variety
of (quantity independent) distribution costs, ranging from the costs of administrative activities
associated with exporting, to delay costs at ports, to the costs of shipment consolidation and the
like. These costs represent one kind of distribution cost. Next, we observe that trade is often not
carried out in a single, large shipment occurring once a quarter, say [Alessandria et al., 2010].
This suggests that another key feature of distribution systems are inventory costs borne by the
importer that are increasing in the size of the shipment. These costs can range from the costs of
unsold inventory, to carrying costs, to costs of maintaining the product while in storage. These
costs are likely product and importing country specific and represent a second kind of distribution
cost. Finally, distribution also results in transportation costs, which we assume are of the usual
iceberg variety.

Confronted with these three sorts of distribution costs, an exporter from any given country,
wishing to sell a given amount of a product in some other country, chooses the size and frequency
of export shipments in order to minimize total distribution costs. Distribution cost minimization
results in exporters from countries with high per-shipment costs bearing the increased inventory
costs that large shipments incur in order to reduce the number of shipments and so save on per-
shipment costs. The opposite occurs for exporters from low per-shipment cost countries. As a
result, for a given total volume of exports of a given product, exporters from countries with high
per-shipment cost make large, infrequent shipments while exporters from low per-shipment cost
countries make small, frequent shipments.

Under this optimal distribution policy — the cost minimizing shipment size and frequency
— we show that the combined per-shipment, inventory management and transport costs yield an
equivalent ad valorem distribution cost that is export-import country pair and product specific. An
important feature of this cost is that countries with lower per-shipment cost, all else equal, have a
lower ad valorem distribution cost. When embedded in a trade model in which exporters choose

both product price and quality, exporters from countries with low per-shipment costs have a lower



cost of increasing quality than do exporters from countries with high per-shipment costs. As a
result, we expect to observe that countries with low per-shipment costs produce higher quality
products and export these products in small but frequent shipments. Ultimately, more efficient
distribution systems at exporting countries give countries a comparative advantage in producing
high quality goods.

Although not directly observable, we are able, nevertheless, to estimate the efficiency of dis-
tribution systems, specifically per-shipment costs, at exporting countries for a sample of 86 coun-
tries using the model structure and our shipment level imports data. The identification of this
efficiency parameter is obtained from variation, across export countries, in the frequency and size
of shipments to Chile. We find that the implied efficiency of distribution systems at exporting
countries varies widely across countries, with the 90th percentile value of per-shipment costs be-
ing almost 150 percent larger than the 10th percentile value. Moreover, we find that distribution
efficiency is closely related to per capita incomes, even though our estimation procedure does not
impose this relationship.

After calibrating the remaining parameters of the model, we show that differences in the effi-
ciency of distribution sectors can generate more than half of the observed (in the data) elasticity
of export prices with respect to per capita income, and a similar response of export quality with
respect to per capita income. The model also generates between twenty and forty percent of the
income inequality between countries observed in data, depending on how one measures inequal-
ity.

With the calibrated model in hand, we can also quantify the effects of hypothetical changes
in the efficiency of countries’ distribution systems. For instance, we study the implications of a
policy that makes the efficiency of the distribution system in all countries equal to the efficiency
of the US distribution system. We find that this reduces the elasticity of price with respect to per
capita income by more than half, and reduces income inequality across countries by more than 20
percent. The median welfare gains for this exercise is 2.7 percent, with the poor countries gaining
much more than the rich. More importantly, most of these welfare gains are a consequence of the
quality upgrading that takes place following the lowering of distribution costs.

Our results are related to a few papers in different literatures. Hummels and Klenow [2005]
estimate that quality differences could be the proximate cause of around 9 percent of country
differences in real income per worker. We show that quality differences across countries are, in
part, due to differences in the efficiency of distribution systems. Waugh [2010] shows that one
requires asymmetric, ad-valorem trade costs to explain trade flow data and that these asymmetric

costs account for a sizeable part of observed income differences across countries. Our model



provides a micro-founded mechanism to Waugh’s story and the evidence to support it. We confirm
that the microeconomic inefficiency captured in Waugh’s work and made explicit in our work
leads to large macroeconomic effects, in particular on countries’ incomes.

Our paper also contributes to the literature on comparative advantage in quality, identifying
a new source of comparative advantage: the efficiency of a country’s distribution system. Our
explanation stands in contrast to the existing literature that argues that comparative advantage
in quality is the result of: 1) quality being intensive in physical and human capital, factors that
are abundant in rich countries [Markusen, 1986, Bergstrand, 1990]; ii) economies of scale in
the production of quality, giving rich countries an advantage [Linder, 1961, Fajgelbaum et al.,
2011]; iii) high quality being complementary with high productivity [Flam and Helpman, 1987,
Matsuyama, 2000, Baldwin and Harrigan, 2011, Johnson, 2012, Feenstra and Romalis, 2014].

Our paper has implications for the literature that attempts to disentangle unobserved product
quality from prices [Khandelwal, 2010, Hallak and Schott, 2011, Feenstra and Romalis, 2014]. In
particular, it highlights that price reflects the efficiency of distribution systems as well, at the same
time that the efficiency of distribution systems help determine quality. We add, as well, to research
that documents systematic patterns in the size and frequency of shipments from the perspective of
exporters [Kropf and Sauré, 2014, Hornok and Koren, 2015]. Our work is fundamentally different
than these papers in that, by looking at imports data from multiple export countries, we identify
differences in the efficiency of distribution systems located at exporting countries and show how
these differences could be a source of comparative advantage in quality. Alessandria et al. [2010]
has a distribution system with features similar to ours, which the authors show to have a sizeable
impact on trade volumes and use to study the dynamic effects of large devaluation episodes. In
contrast, we show that the efficiency of distribution systems vary across exporting countries and
how this has implications for production, income and inequality across countries.

Finally, our paper adds to the literature that documents the different components of distri-
bution systems and measure their impacts on trade. Martincus et al. [2015], for instance, uses
Uruguayan data to document the time it takes for export shipments to be processed. Blonigen
and Wilson [2008] and Feenstra and Ma [2014] study the effects of port efficiency on trade flows
and on the extensive margin of trade. The World Bank Doing Business Indicators provide survey
metrics for the time, number of documents, and dollar cost of exporting a container for a large
sample of countries. In contrast, we use the structure of our model to infer the total distribu-
tion costs incurred at exporting countries that would be consistent with the size and frequency of
shipments observed in trade data.

The remainder of the paper is organized as follows. The next two sections present the data and



the evidence on shipment sizes, frequency and prices. Sections 4 and 5 develop a full, general
equilibrium model of trade and distribution. This section derives the mechanism linking the
choices of product quality and shipments’ frequency and size. In Section 6, we calibrate the
model and quantify the extent to which the mechanism proposed by the model can generate the
export price variation observed in data. We also quantify the implications of the mechanism in
our model to country differences in per capita incomes. Lastly, we run a number of counterfactual
exercises to quantify the impacts of changes in the efficiency of distribution systems in exporting

countries.

2 Data Description

This paper uses data on the universe of Chilean import shipments in 2006. Collected by the
Chilean Customs Office, the data contain detailed shipment information, such as the product
traded, prices and quantities, country of origin, and an identifier for the importer (buyer) and the
exporter (seller) of the shipment. In our analysis, we exclude import transactions in mineral fuels
(HS27),” and shipments in which the importer is an individual, as opposed to a firm. Table 1

shows summary statistics on these data.

Chilean Imports (000’s US$) 24,251,469
Number of Importers 19,238
Number of HS 8-digit codes imported 6,587
Number of Source countries 133
Number of Shipments 1,460,847
Average Shipment Value (US$) 16,660
Median Shipment Value (US$) 1,954

Table 1: Summary statistics - Chilean import data (2006)

Table 2 begins to describe some of the features of interest in the data. The top panel of
the table shows the per importer distribution of total imports (column 1), number of HS 8-digit
products imported (column 3), number of countries purchased from (column 4) and number of

import shipments per importer (column 5). As is typical in trade data, the distribution of total

2Mineral fuels account for about 15 percent of all Chile’s imports in 2006. Import shipments of mineral fuels
are markedly different than the rest of Chilean import shipments. For instance, they are significantly larger than the
typical shipment.



imports is highly skewed: the average Chilean importer purchases close to US$1.2 million from
abroad while the median importer purchases less than US$ 45,000. The same kind of skewness is
present in the other distributions as well. Note that, in terms of HS 8-digit products, the median
firm imports 5 products while the top one percent importers purchase 156 products. Similarly, if
we focus on source country, the median firm imports products from 2 countries while the top one

percent importers purchase products from more than 20 countries.

Imports # #of HS8  # Source # of
(000’s US$) Importers Codes  Countries Shipments
(1) (2) 3) 4) )
Distribution over Importers: 19,238 firms

P25 6.9 - 2 1 2
P50 44.3 - 5 2 8
P75 265.4 - 14 3 38
P90 1,388.6 - 38 7 135
P99 22,468.5 - 156 21 1,071
Mean 1,260.0 - 15.1 3.2 75.9

Distribution over HS 8-digit products: 6,587 codes
P25 73.5 4 - 3 11
P50 492.2 13 - 8 46
P75 2,261.2 41 - 14 177
P90 7,098.1 111 - 24 527
P99 53,665.7 447 - 42 2,756
Mean 3,681.7 44.1 - 10.4 221.7

Distribution over Importer-HS 8-digit product pairs: 290,348 pairs

P25 0.5 — — 1 1
P50 2.5 - - 1 1
P75 14.7 — - 1 3
P90 75.8 — - 2 9
P99 1,203.1 - - 6 59
Mean 83.5 - - 14 5.0

Table 2: Distribution of key variables - Chilean imports (2006)

The second panel of Table 2 shows the per HS 8-digit product distributions of total imports,
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number of importers, number of countries purchased from and number of import shipments car-
ried out. Note that the average HS 8-digit product accounts for more than US $ 3.5 million in
imports and is imported by almost 45 Chilean firms from more than 10 source countries. Again
these distributions are skewed, with the median number of importers and source countries being
much smaller.

Finally, the last panel of Table 2 shows distributions over importer-HS 8-digit product pairs.
These distributions are particularly skewed so that the vast majority of cases involve an importer
buying a given product from a single country and in small dollar amounts. For more than 10
percent of the importer-product pairs (close to 40,000 pairs), however, the importer buys the same
HS 8-digit product from multiple countries and in large dollar amounts. These are the cases that
provide the ideal identification for the main stylized facts discussed in the next section and so we

describe them in more detail below.

HHI Abs. Dev.
Share of Tmports Country

# Source # Importer- Importer- Share of across Per-Capita
Countries HS 8 Pairs HS 8 Pairs Imports countries  Income

©)) 2) 3) “) ®) (6)

1 232,467 0.801 0.327 1 0

2 35,921 0.124 0.207 0.71 8,699

3 11,411 0.039 0.138 0.60 9,622

4 4,907 0.017 0.117 0.53 9,767

5 2,421 0.008 0.059 0.49 10,136
6-10 2,874 0.010 0.115 0.43 10,304
11-15 287 0.001 0.030 0.38 10,738
16+ 60 0.0002 0.008 0.33 11,561

Table 3: Characteristics of Importer-HS 8-digit pairs

Table 3 shows characteristics of importer-HS 8-digit product pairs by the number of countries
from which an importer buys the HS 8-digit product. For 80 percent of all importer-product pairs,
the importer buys the product from one source country only. These cases, however, account for
less than 33 percent of Chile’s imports (see column 4), meaning that almost 70 percent of Chile’s
imports are carried out by importers buying the same product from at least two different countries.
In fact, more than 20 percent of imports are accounted for by importers who buy the same product

from at least 5 countries.



The purchase volumes are also relatively dispersed across countries. This fact is shown in
column 5, which gives the Herfindahl-Hirschman Index (HHI) of importers’ purchases of the
same product across source countries. We see, for instance, that in cases in which importers buy
a given product from 4 countries, the average HHI is 0.53. This implies that, if one randomly
selects two dollars in imports within this group of importer-product pairs, there is a 53 percent
chance that these two dollars will come from the same country, and thus a 47 percent chance they
will come from different countries.

We also find that importers that buy the same product from different countries tend to buy the
product from countries at different levels of development. This is shown in the last column in
Table 3 which gives the mean absolute deviation in the per capita incomes of the countries from
which importers buy the same product. In essence, what this column shows is that the average
difference in per capita income between the countries a Chilean importer buys a given product
from is of the same magnitude as the difference in per capita income between Brazil and the
Czech Republic - roughly USS$ 10,000.

In the next section, we exploit this cross-country variation in import purchase amounts and
per-capita incomes to derive a relationship between source country per-capita income and char-
acteristics of import shipments. In particular, we show that, for a given product, shipments are
smaller and more frequent and the average price is higher when the product is imported from
a high per-capita income country than from a low per-capita income country. This is true even

when controlling for import volume, the identity of the importer, as well as the exporter.

3 The frequency, size and price of import shipments

To derive the relationship between the characteristics of import shipments and source country
per-capita income, we start by decomposing the value purchased of product / from country ¢ by

Chilean importer 7 (Mp,;) as:

N7,L,
s:hil Mhci (S)

_ ATm
My = NI x T
hci

= Nyei X Mipei,s

where my;(s) is the value of the s-th shipment carried out by the importer, N;”, is the number of
shipments importer ¢ carries out when purchasing product i from country ¢, and thus m,; is the
average value of these shipments. This average shipment value can be further decomposed as the

product of the average physical quantity shipped (gx.;) and the weighted average per-unit price of



the goods in the shipment (pj,;):

Ny
_ 1 . _
Mhei = N_m E thi(s) X phci(s) = DPhci X Qheiy
hei g—1
where
Nye;
S (hei() X pri(s) )
Phei = N™ ’
hci
Zs:l thl(s)
and -
Gt = D s qnei(s)
hei = = m -
thi
Therefore we can writte:
m = m ~ =
thi = WNpei X Mpei = INpei X Phei X Ghei-

Each part of the decomposition above, as well as the total amount imported, is the outcome of
optimal decisions made by the Chilean importer and its foreign exporters. To study how these de-
cisions are affected by characteristics of the exporting countries, especially per-capita income, we
regress each component of the decomposition on a number of country characteristics, most no-
tably the “gravity” variables. In particular, for each variable X;,.; = [M heis NI Mheis Pheis (j;m-] ,

we estimate the equation below:

In(Xpei) = 6pi + B1In(gdp.) + B2 In(gdp_pc.) + B3 In(dist.) + €nei,

where gdp., gdp_pc., and dist. measure the exporting country’s GDP, per capita GDP, and phys-
ical distance to Chile, respectively. The terms dy; capture importer-product fixed-effects, so that
the effects of source country characteristics on each of the import variables are identified off im-
porters that buy the same product from multiple countries.? Finally, when estimating the equations
above, the error term (e,;) is clustered at the country level.*

The first column in Table 4 shows the gravity effects, i.e., the effect of GDP, per capita GDP,

and distance on dollar values traded at the importer-product level. Interestingly, within importer-

3We obtain similar results in a specification that includes product and importer effects, as opposed to product-
importer effects. We do not report these estimates to conserve space, given that our preferred specification is the one
that accounts for importer-product pair heterogeneity.

“In a few cases, the quantity purchased by the same importer of a given HS 8-digit product is recorded in different
units in different shipments. This makes it impossible for us to compare physical amounts and unit prices across these
shipments. Given that this is an issue for 0.15% of the shipments only, we drop these shipments from the sample.



product pairs, Chilean firms buy more from larger countries but not from richer or closer-by
countries. This suggests that the distance effect commonly observed in aggregate- and product-
level trade data, and present in the Chilean data, is driven by importer and product composition
effects. The second and third columns in the same table show that exporting country character-
istics affect the decision on how best to structure import shipments. Chilean importers buy more
from larger countries (high GDP) both because they receive more shipments from these countries
and because they have larger shipments, both in values as well as in physical quantities. Exporters
in larger economies do not tend to sell higher-priced varieties, however.

A very different picture emerges when we look at the effect of the exporting country’s level
of development (per capita GDP). Although Chilean importers do not tend to buy more from
richer countries, they make more frequent and physically smaller transactions when buying from
these countries. As previously established in the literature, they also buy higher-priced varieties
from rich countries. Lastly, physical distance from Chile only affects the frequency of shipments

importers make.

Dep. variable: In(Mpe;)  In(NZ)  In(mpe) In(Ghei) In(Ppe;)
&) 2) 3) “4) ®)
In(gdp.) 0.212%**%  0.162%**  0.049%**  (0.070%* -0.022
(0.035) (0.028) (0.014) (0.029) (0.025)
In(gdp_pc.) 0.031 0.062%* -0.031  -0.287***  (.258%**
(0.059) (0.037) (0.029) (0.065) (0.045)
In(dist.) -0.064  -0.109%**  0.045 0.039 0.006
(0.068) (0.037) (0.038) (0.074) (0.052)
Importer-HS 8 FE Yes Yes Yes Yes Yes
Std. Error Cluster Country  Country  Country  Country  Country
N 395,004 395,004 395,004 394,522 394,522
R? 0.84 0.69 0.88 0.92 0.95

stk sk

Note: Standard errors in parentheses. and “denote significance at the 1%, 5% and 10% levels

respectively.

Table 4: Importer-HS 8-digit product fixed effect regressions

While Chilean importers receive frequent and small shipments when importing a product
from a high per-capita income country, it is unclear whether this is because the importer deals

more frequently with each exporter (and so imports less each time) or because the importer deals
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with more exporters (and so imports less from each one). We can disentangle these two effects
using information from Chile’s customs forms on the identity of the foreign exporters from whom
each Chilean importer buys. We do this in a sub-sample of the data including the 30 HS 8-
digit codes with the largest number of importers sourcing that product from multiple countries.’
This is obviously a selected sample built with the intention of maximizing the power of our
identification strategy, which is based on importers that buy the same HS 8-digit product from
multiple countries. In the Appendix, we describe this sub-sample and show that it shares many
of the main characteristics of the full sample. Importantly, the main findings described in Table 4
hold in this sub-sample as well, as Table 5 shows. The noticeable difference in this sub-sample is
that importers not only structure their shipments differently when buying from richer countries,

but also tend to buy more from richer countries.

Dep. variable: In(Mpe;)  In(NZ)  In(Mmpe) In gpe;) In(Pres)
1) 2) 3) “4) &)
In(gdp.) 0.228%**  0.180%**  (0.048***  (.085%** -0.040
(0.048) (0.038) (0.016) (0.032) (0.025)
In(gdp_pc,) 0.245**% 0.211**%*  0.033  -0.245%**  (.283#**
(0.094) (0.056) (0.044) (0.081) (0.042)
In(dist.) -0.161*  -0.139**  -0.021 -0.026 0.004
(0.091) (0.062) (0.042)  (0.0081)  (0.049)
Importer-HS 8 FE Yes Yes Yes Yes Yes
Std. Error Cluster  Country  Country  Country  Country  Country
N 41,102 41,102 41,102 41,011 41,011
R? 0.75 0.59 0.80 0.86 0.86

Note: Standard errors in parentheses. * and “denote significance at the 1%, 5% and 10%

levels respectively.

Table 5: Importer-HS 8-digit product fixed effect regressions. Top 30 Sample

To identify the importance of the two effects on shipment frequency, we decompose the total

number of shipments carried out by a given importer when purchasing product A from country ¢

>The reason we do this only on a subsample of HS 8-digit products is that the process for cleaning the names of
foreign exporters in each shipment is quite cumbersome and resource intensive. It is worth noting, however, that we
have access to the actual name of the exporting company as reported in the Chilean customs form. This information
allows us to clean the data for name mis-spellings, a problem that plagues much of the empirical analysis in the
literature using matched importer-exporter data.
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(IV;,) into the number of exporter partners the importer transacts with and the average number of

shipments it receives from each of its export partners:

m
hci

T
hci

Npei = N X = NMhei X T

where nj ., is the number of export partners that importer ¢ buys product A from in country c and
njy.. is the average number of shipments that importer ¢ has in product h per export partner in
country c. Table 6 shows how country characteristics, especially per-capita income, impact these
two shipment size effects.

Dep. variable: In(N2)  In(ni,) In(ay,)
&), 2) 3)
In(gdp,) 0.180%** 0.108***  (.072%**
(0.038) (0.021) (0.019)
In(gdp_pc.) 0.211%**  0.082#%*  (.128%#*
(0.056) (0.027) (0.038)
In(dist,) -0.139%*%  -0.047*  -0.093*
(0.062) (0.027) (0.052)
Importer-HS 8 FE Yes Yes Yes
Std. Error Cluster  Country  Country  Country
N 41,102 41,102 41,102
R? 0.59 0.55 0.60

EETEe

Note: Standard errors in parentheses. and “denote signifi-
cance at the 1%, 5% and 10% levels respectively.

Table 6: Seller’s Margin. Top 30 Sample.

We see that, when buying from larger countries, Chilean importers buy from more exporters,
as well as has more frequent shipments with each exporter. Close to two-thirds of the variation,
however, is due to importers buying from more exporters - the sellers margin of trade. Chilean
importers also buy from more exporters and receive more frequent shipments when buying from
richer countries. In this case, however, the shipments-per-exporter margin accounts for more than
half of the variation. Finally, distance from Chile affects the importers’ decision both on how
many sellers to trade with and on the frequency of shipments.

The overall message from the data is this: Much of Chile’s trade volume involves a given

12



importer buying the same HS 8-digit product from both rich (high per-capita income) and poor
(low per-capita income) countries. This trade is structured such that the importer receives smaller
and more frequent shipments when buying from the rich country, and pays higher prices. More
than half of this increased shipment frequency is due to the importer purchasing smaller amounts
on a more frequent basis from a given set of exporters. And given that importers buy, in total,
the same or more from richer countries, this suggests that trade from rich countries differ from
trade from poor countries in that they carry higher quality products in smaller and more frequent
shipments.

The existing literature has mechanisms to explain why rich countries export (and import) high
quality goods. It also has mechanisms for why the size and frequency of trade shipments may
vary with country characteristics. In the next section, we provide a model of trade and distribution
in which these features of the data are jointly determined. The model endogenizes the choice of
export shipment size and frequency, as well as the quality of the product exported, and shows that
trade costs of a certain nature will be source of comparative advantage in quality for countries,

and will drive the structure of the country’s trade shipments.

4 A model of trade and distribution with endogenous product

quality and shipment frequency

Consider a world in which there are C' countries indexed by 7 = 1,2, ..., C. There is a single factor
of production in each country, labor, with the (fixed) endowment of labor in country j denoted
by L;. In any given country, there is a single, monopolistically competitive manufacturing sector
producing a differentiated intermediate good. Varieties of this good, which we denote by w, are
horizontally differentiated both within and across countries, as well as vertically differentiated
across countries. These intermediate varieties, in turn, are used to produce a non-traded final
consumption good. We describe both the final goods market and the intermediates market below.

All variables are expressed in per capita terms.

4.1 Final goods

Consumers have identical taste both within and across countries and consume a single non-traded
final good. The utility of a representative consumer in country 7 is simply the quantity of the final

good consumed and is given by
Uy = (e))’(t)' 7,
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where l{ is the amount of labour used to produce the final good, and cf is the amount of a CES

aggregate of the manufactured intermediates available in country j:

g _
o—1

C
o—1
¢ = le‘j/%‘j(w)%(w) T dw|
i=1 w

where 1;; is an indicator function that takes on a value of 1 if a variety produced in country ¢ is
sold in country j. ¢;;(w) and x;;(w) gives the quality and quantity of variety w produced in country
¢ that 1s used to produce the manufactured aggregate in country j. Hence, we allow a producer to
sell goods of different quality to different countries. Denoting the price of a representative variety
w sold in country j by p;;(w), the quantity demanded by an individual consumer in country j of
that variety is given by °

_ ()7 (pi;(w))

Pl

zij(w)

ﬂyja (1)

where y; is the income (and expenditure) of an individual in country j and FP; is the price index

of the manufactured aggregate in country j:
c
le_U = Z ]-Z] / ng (w)gpij<W)1_U. (2)
i=1 w

4.2 Intermediate goods

A manufacturer of an intermediate variety in country ¢ produces using labor and the same com-
posite of all the available manufactured intermediates, ¢;. The production technology for inter-

mediates is described by a constant returns to scale, Cobb-Douglas production function:
—agq;; m a/ m l1—a
Tij(w) = e (hilz'j (W)) (Cij (W)) 3

where [} is the quantity of labor used while ¢; is the amount of the manufactured aggregate used.
h; is a labour-augmenting productivity parameter. The share of value-added in intermediate good
production, «, is assumed to be the same across countries. Under this assumption, the unit cost
of producing a variety of quality ¢ = 0, the lowest possible quality, in country ¢ is given by (up to
a constant)

= () B 3)

®We can instead assume that there is a non-traded sector that combines the manufactured aggregate with labour
to produce the final good. In this case, the demand for intermediates will come from the non-traded sector.
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where w; is the wage rate in Country 7. The unit cost of producing a variety of quality g;; is then

r;€*% —unit cost is increasing in quality.

4.3 Trade

A manufacturer in country ¢ exporting to country j incurs the usual iceberg trade cost, so that
one unit landing in country j requires 7;; > 1 units of production in country 7. In addition, the
manufacturer also incurs a fixed export cost of K; each time that the manufacturer ships any
product from country ¢ to any other country, including itself. This per-shipment cost reflects
such things as the administrative costs of sending an international shipment from country i, the
efficiency of the underlying consolidation process and other exit costs that do not depend on the
size of the shipment.

Products from country ¢ are imported into country j via a perfectly competitive import / dis-
tribution sector in country j. For simplicity, we assume that the only cost that this sector incurs,
beyond the cost of the imported product, is an inventory management cost. This cost takes the
form of a proportional (to import shipment value) depreciation cost, J, which may represent any-
thing from pure wastage, to interest costs, to potential obsolescence or to direct storage costs.
Together, these latter two costs create a decision problem for the manufacturer in country 7 as
regards how many shipments to make in any given period and the size of each shipment. This
choice affects the overall cost of selling its product in country 5 and hence, the quality and price of
its product in j. In the next section, we describe this problem and determine the optimal shipping

strategy, the choice of quality and the associated price.

5 Equilibrium

To determine the amount of trade from any country ¢ to country j, the quality of products manu-
factured in country 7 and the price of products from 7 sold in j, we first must solve the shipment
problem for a manufacturer in country 7. The solution of this problem will determine an im-
plicit trading cost between country ¢ and country j and so determine the choice of quality and the

equilibrium price. We turn, then, to the manufacturer’s shipment decision.

5.1 Shipping Problem

To create both a tractable and non-trivial shipping choice problem, we think of the above model as

defining demand for a single time period of length 7" = 1. Within this time period, we assume that
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consumption is a flow that occurs uniformly over the period. Because all varieties are symmetric,
manufacturers in country ¢ will charge the same price and sell the same amount to country j in
equilibrium. Hence, we can drop w from any future analysis. This implies that, for any total
(for the entire period 7') quantity demanded in country j for a variety produced in country i,
Xi; = w;;L;, instantaneous demand in Country j (quantity demanded for an interval of time dt)
is X;;dt.

The manufacturer’s shipping problem for any total quantity demanded, Xj;, is to allocate
export shipments over the entire time interval [0, 1] in a way that meets flow demand in a cost
minimizing way; that is, for any X;;, the exporter must choose a frequency of export shipments,
N;
This shipping decision will depend on the level of the distributor’s inventory at any date, I N'V;;(¢)

;» and size of shipment arriving in Country j, S;;, to minimize shipping and inventory costs.®
(recall from above that shipments to country j are inventoried and distributed by a local import
P yJ y 1Y

distributor). The law of motion of inventory, given total quantity demanded X;, is

dINVy(t)

Solving for the change in inventory between some initial time ¢y and ¢ > ?, gives us

X..
INVij(t) = e" "IN V(o) — (1 = e’t07"),

Under any optimal inventory policy, an export shipment should arrive just as inventories in j

go to zero. If we define this point as ¢ = ¢, then inventory at ¢ = ¢, is just the quantity of goods

in the shipment: I/ NV;;(ty) = S;;. Because the time interval between two successive shipments
1

N’

facts, we can solve the above equation for the optimal shipment size, conditional on any given

is the inventory as t — o + Ni must be zero. This is shown in Figure 1. Utilizing these
ij
shipment frequency, N;;, and X;:

Sij = =L ("N —1). 4)

The above equation suggests that for fixed total quantity demanded, the size of shipments is

7In this paper, we assume deterministic demand. With stochastic demand, it is usually not possible to get analyt-
ical solutions for the inventory management problem, and one has to resort to numerical methods [See Alessandria
et al., 2010]. In the appendix, we present a simple two-period model with demand uncertainty that permits closed-
form solutions. The main predictions of the theory go through.

80ur assumption that shipment sizes will be the same is without loss of generality. As shown by Arrow et al.
[1951], given the nature of demand, orders of equal size at equal intervals are optimal.
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decreasing in shipment frequency (V).

Inventory

Sa

Shipment Shipment
arrives arrives

Figure 1: Evolution of inventory over time

Because a cost of K; is incurred each time a shipment is sent, the exporter faces a trade-
off between number of shipments, /V;;, and shipment size, S;;. On the one hand, less frequent
shipments mean that the importer has to incur /; fewer times. This reduces the total ordering cost
N;; K;. On the other hand, the importer then has to hold a bigger inventory on average, which leads
to more wastage due to depreciation. This added wastage raises the inventory cost. Because the
higher cost is passed on to the consumers, this negatively affects the exporter’s sales. Accordingly,
the exporter internalizes the inventory cost of choosing more/less frequent shipments.

The exporter’s total distribution cost, DCj;, can then be expressed as

DC’ij = N”KZ +Tij7”i€aqij (NUSZJ — le) .
— N -~

ordering cost inventory cost

The first term on the right-hand side gives the total fixed shipment costs. To understand the
second term, note that, for the exporter to sell X;; units of a variety in country j, it must have
N;;S;; units of the product land in country j. Hence, N;;S;; — X;; is the total physical wastage.
Because the exporter incurs a cost of 7;;7;¢%%% for each unit landing in country j, the second term
measures the added cost that the exporter incurs due to inventory management. Using (4), the
delivery cost can be expressed only as a function of V;; and X;; :

DC;; = NijK; + N;j(1ijrie" X;5) (M;_l - L)
) N;;
For any value of X;;, the exporter chooses NN;; to minimize DC;;. The following lemma

provides the solution for [V;;.
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Lemma 1. The equilibrium value of N;; solves the following implicit equation:

1 1
— /N 4 5(1 _ 65/1\%) =

Ny

K;

Tijrie“qw' Xij

(&)

It is straightforward to show that the left-hand side of the above equation is monotone de-
creasing in N;; while the right-hand side is independent of N;;. Thus, the optimization problem
of the exporter yields a unique NN;; and DC}; corresponding to every X;;. The next proposition

discusses two important comparative statics results.

Proposition 1. An exporter
(i) sends more shipments when selling more, for a given per shipment cost.

(ii) sends more shipments when facing a lower per shipment cost, for a given demand.

Results (i) and (ii) of Proposition 1 are a direct consequence of the inventory management
problem. At the margin, the cost of an additional shipment must equal the savings on inventory
management. Hence, when per shipment cost declines, efficiency requires that the exporter in-
crease the number of shipments, while reducing their size. On the other hand, when total demand
rises, there is a scale effect. Higher demand allows the exporter to spread the per shipment costs
over more units, thereby allowing him to choose more shipments.’

The value of DCj; at the optimal V;; is given by
DCZ*] = (65/Nij — 1)Tij7“i€aqin7;j. (6)

Notice that as long as § > 0, e’V > 1. Hence, (6) suggests that the inventory management
problem results in a distribution cost that is proportional to X;;. The factor of proportionality is
not a constant, however. With endogenous shipment frequency, as demand starts to increase, the
exporter wants to send more shipments to save on inventory costs. As a result, DCY; increases
less than proportionately relative to X;;.

The interaction between DC’;}, K; and X;; is exhibited in Figure 2. When X;; increases,
the way DCY; changes depends on the value of K;. This is shown in Figure 2a. For K; = 0,

a distributor does not have to carry any inventory; the exporter simply sends a shipment every

9The effect of increased demand on shipment size is less straightforward. Demand has both a direct positive
effect on S and an indirect negative effect through V. Intuitively, a higher demand means that the importer should
have larger shipments, other things remaining constant. But a higher demand also raises the optimal frequency of
shipments, which tends to reduce the size of shipments. Which effect dominates depends on the magnitude of §.
When ¢ is small, there is less wastage and the former effect dominates, resulting in bigger shipments.
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Figure 2: Relation between DC and output

time there is some demand for the product. In this case, DCY; is equal to zero. For K; > 0,
following an increase in demand, the exporter re-optimizes by increasing both the size, as well
as the number of shipments — DCY; becomes an increasing function of X;;. For a given value of
Xij, DCY; also increases with K; as the exporter reduces the number of shipments, causing an
increase in inventory cost.

Figure 2b shows how DCY; differs between a model with a fixed number of shipments (the
standard model) and one with the optimal shipping decision. The figure suggests that when X;;
is small, DCi*j in the two cases are almost identical - for small values of X;;, the optimal number
of shipments is close to one. But as X;; starts to increase, by forcing the exporter to have a fixed

number of shipments, the standard model increases the delivery cost relative to our model.

5.2 Export Equilibrium

The export equilibrium is defined by a two-stage game. In the first stage, each exporter in country
1 simultaneously chooses a quality level for its variety. In the second stage, these exporters simul-
taneously choose a price at which to sell its variety in country j, p;;, conditional on the quality
choices made in stage one. The export equilibrium is given by the subgame-perfect Nash equi-
librium of this two stage game. We solve for this equilibrium in the usual way, first determining
the pricing equilibrium for arbitrary quality choices and then solving for the quality equilibrium

given the pricing equilibrium.

Choosing price: Denoting the profit to an exporter from country ¢ selling a variety in country j
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as m;;, we can define the exporter’s pricing problem as

max 7Tij = (ng — Tz'jTieaqij)l'iij — DC’L*g
Dij
where z;; = X;;/L, is given by (1). Note that since DC’i*j is a function of Xj;, in maximizing
profit an exporter simultaneously solves for the optimum frequency and size of shipments. To see
this, replace the value of DCY; from (6) in the above equation to get
§/N;

max 7Tz’j = (pU — € jTijTieaqij)ZEiij.

Pij

The resulting profit-maximizing price is

g €
- i 7
Pig <0— 1 6/N, )T”“e ™

In the presence of the inventory management problem, the exporter loses a part of the output due
to depreciation. This output loss effectively raises the cost of the units that the exporter eventually
sells - inventory management ends up imposing an ad-valorem tax on exports. We can re-write

the above equation as
o
aq;q
Pij = ;[dij + Tiyriet ],
§/Nij _q
6/Nij

equilibrium object, is a function of per-shipment cost and final demand, among other things. The

€

where d;; = (

— 1)7;5r;ce®i is the marginal distribution cost. This cost, which is an

following proposition characterizes d;;:

Proposition 2. The marginal distribution cost has the following properties:

(i) dij > 0,
(ii) g;g <0,

.o 8dij
(iii) el 0.

When 6 = 0, there is no inventory management problem and d;; = 0. In this case, the
price coincides with the standard mark-up over marginal cost of production. But as § becomes
positive, d;; > 0. In this case, part (ii) of Proposition 2 reveals that, even if the marginal cost
of production is a constant, distribution costs decline with total sales in country j. This is a
consequence of exporter optimization: as total demand rises, the exporter sends shipments more
frequently, thereby economizing on the inventory cost. The implication is that overall marginal

costs decline with output: there are effectively scale economies.

20



This last fact has some interesting implications. First, even though o is a constant, the mark-
up over the marginal cost of production plus ad-valorem trade cost is variable. In particular, as
part (ii) of Proposition 2 suggests, the mark-up is decreasing in output. As demand rises, the
distributor becomes more efficient in managing inventories, which allows the exporter to lower
the price, even without any change in the marginal cost of production. Second, the inventory
management problem affects the choice of quality in a systematic way, as we explore below. Also
important for the quality choice problem is the fact that the marginal distribution cost is increasing
in per shipment cost, as shown in part (iii) of Proposition 2. A higher per shipment cost forces
the exporter to send larger shipments and consequently waste more output, thereby pushing up
the distribution cost at the margin.

Finally, because the import / distribution sector in country j is perfectly competitive, the

distributors are compensated only for the cost they incur — the cost of inventory management. A
FOB
ij
net of only the per unit inventory cost and 7;;. This gives us,

distributor pays an exporter a FOB price for the product, p;;~, that is equal to the final price, p;;,

1 N —1
oc—1 (S/NU

pf;OB = r;etd [1 +

The following proposition discusses an important property of the FOB price:

Proposition 3. For a given marginal cost of production, an exporter receives a lower FOB price

when there are more shipments.

Let us hypothesize that manufaturers in rich countries face lower per-shipment costs of export.
Proposition 3 then suggests that other things being the same, the FOB price received by exporters
in rich countries should actually be lower. This is because the FOB price is inversely related to
shipment frequency, and as already shown in Section 3, the latter happens to be higher for rich
country exporters. But we have also shown the FOB price is higher when a Chilean importer
purchases a good from a richer country, suggesting that other things are not the same. This is an
important observation that we exploit below.

Choosing quality: In stage one of the game, each firm determines its profit maximizing quality.
Below, we consider the case in which a firm in country 7 selling in country j can customize quality
for country j so that ¢;; is not necessarily equal to g;z, j # k. In an appendix, we derive results
for the case in which a firm in country ¢ must deliver the same quality product to all countries:
¢ij = ¢ir = ¢;- We consider only symmetric equilibria in which all firms in country ¢ make the

same quality choice. For the current case, the value of quality for a firm in country 7 selling to
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country j, g;;, is defined by:

5/Ni; agi;
max T; = (ng —e / ”TZ']‘T’Z'G qz])XZ'j,

qij
where p;; is given by (7) and the number of shipments is defined implicitly by (5) above. Because
the values of both p;; and /V;; are given by their profit maximizing levels, the solution to the above
problem is defined by the condition

omy; X
0= L/ Dii — eé/NijTi.TieaqU aielc)
8%‘3’ ( J J ) a%’j
— ae®MNiig et X
J ON;;
+ —5 e/ Nii g e X —Y 8
NZ J e (8)

The first two terms on the right-hand side of the above equation give the usual quality effects.

The first term represents the variable profit gain due to the fact that an increase in quality results

U[‘IX—] > 0) and the product sells at a positive
()

iTi;re® > 0). The second term gives the variable cost increase that

in an increase in demand for the product (% =
price-cost margin (p;; — e/
results from an increase in quality. In the usual setting, the optimal quality represents a trade-off
between these two effects. In our setting, however, there is an additional effect represented by
the third term in the above equation. This effect is due to the fact that when quality increases, the
value of the shipments go up allowing the firm to reduce marginal costs arising from the inventory
management problem ( 9N >, implying that the third term is positive). This additional, profit-

enhancing effect creates an addmonal impetus for the ﬁrm to enhance quality.

Substituting in (8) for the values of p;;, X;;, da)q(” nd Nij , we obtain an implicit solution for

qij given byl()
o NZ]
oc—1ad

Because N;; is a function of the fixed, per-shipment cost, K, the value of ¢;; depends on the

(1 — e-5/Nu), )

qi; =

size of the per-shipment cost. To generate some intuition on the impact of K; on quality, we plot,
in Figure 3, the profit function for different levels of per shipment cost. There are two features
of these plots that deserve mention. First, an exporter with a lower per shipment cost has higher
profit at all levels of quality. The reason is not just that the value of K; is lower but also that a

decrease in per shipment cost increases the number of shipments, /V;;, and so lowers the marginal

10The equation (9) defines an implicit solution for q;; because N;; is a function of g;;.
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Figure 3: Profit as a function of quality

distribution cost. A lower per shipment cost thus acts as a source of absolute advantage.

The second feature of these plots is that the profit-maximizing level of quality is actually
decreasing in per shipment cost. As a result, all else equal, exporters facing lower per-shipment
costs tend to choose a higher quality product. This is a consequence of the third effect mentioned
above. More specifically, when a manufacturer tries to raise the quality of his exports, the value
of the goods he ships rises. Ceteris paribus, this causes a bigger wastage due to depreciation.
The wastage, however, can be lowered by increasing the frequency of shipments and thereby
reducing inventory. Now, the countries with lower per-shipment costs are the ones that can raise
shipment frequency at a lower cost. A lower per-shipment cost therefore also acts as a source of

comparative advantage. The following proposition formalizes this statement:
Proposition 4. The value of g;; is decreasing in K.

Recall that one of the features of the data is that a product exported from a rich country sells
for a higher price than an identical product exported from a poor country. One interpretation of
this fact is that, even within narrow product categories, rich countries sell higher quality versions
of the product than do poor countries. This finding is not novel. Our model, and specifically
the above result, suggests something more, however: the fact that rich countries have lower per-

shipment costs and that they also sell higher quality products are not unrelated. Rather, lower
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per-shipment costs, and so the ability to make more frequent and smaller shipments, give the
rich countries a comparative advantage in the production of high quality. In equilibrium, the
rich countries end up exporting high quality products precisely because of their low per-shipment
Costs.

Of course, the result in the above proposition is not a full general equilibrium result and so
is, at this point, suggestive only. In addition, we would not want to claim that low per-shipment
costs are the only reason that rich countries produce higher quality products. In the next section,
we calibrate our model to understand the extent to which it can explain the variations we observe
in shipment size and frequency and in product price across rich and poor countries. We also
undertake several counterfactual exercises to quantify the impact that high per-shipment costs

have on the distribution of prices, qualities and incomes across rich and poor countries.

6 Quantitative exercise

In this section, we use the multi-country general equilibrium model developed in Sections 4 and
5 to quantitatively assess the extent to which per-shipment costs incurred at exporting countries
can generate the observed price difference in varieties exported by rich and poor countries. Also,
we quantify the effect these per-shipment costs and the trade distortions they cause have on the
distribution of income across countries. To do so, first we need to close the model developed in

the previous section.

6.1 Closing the model

The total quantity sold of any country ¢ variety to country j is L;x;; and total expenditure on
that variety by country j consumers is p;;z;;L;. Because the importers in country j incur the
inventory cost, the exporter receives only Tijpf;OB x;;L; for every variety. Recall that the number
of varieties in country ¢ is denoted by M;. From symmetry, total expenditure in country j on all
country ¢ varieties, T};, is then given by M;7;;p/°Px;; L;. Using (1), (3) and (7), we can write T};
as

Wi

Tij = AMiqi;¢(Niy) |:Tij (h_> Pil_ae“%']

l1—0o /BY;
P

(10)

where

1 65/Nij . 1i| (65/Nij _ 1)1—0

$(Nig) = [1 TSI /N, 5/N;;
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and A = (=%7)'77, N;; solves (5), g;; solves (9) and P is given by (2). Y; = y;L; is the aggregate

o—

income (and expenditure) in country j. Replacing the value of p;; in (2), we have

¢ 0/Nij 1—
1-—o _ g € =1 Wi\ 1—a jag;; 7
B = Zkl 1@'3'1”1‘%#[(?%)%(;1—) Pl ] (n

We assume that the number of varieties produced in each country is fixed, and set M; = L;.
Accordingly, there are profits in the manufacturing sector. Following Chaney [2008], we assume
that the total profits from each country are pooled together in a global mutual fund that pays out
dividends to each country in proportion to its nominal income. Furthermore, each individual in
country j supplies one unit of labour inelastically. It can then be shown that Y; = (1 + s)w;L;,
where s is a function of only the parameters of the model.'!

Trade in each country j is balanced, i.e. 210:1 T = 210:1 T};. This equation can be manipu-

lated to obtain a system of equations in wages:

c L.

w; = zk: L—j)\jkwk, (12)
where \,; = T/ (BwiLy) is the expenditure share of country & on country j’s products. Finally,
the market for labour and the manufacturing composite must clear. This completes our description
of the equilibrium.

The standard solution strategy of such a model is as follows: for a given vector of w, use
equations similar to (11) to solve for the °-s. Equipped with w and P, one can then solve for 7T;;.
Finally, using the trade shares, check whether the trade balance equation (12) is satisfied or not
and keep iterating on w. In this model, however, (10) and (2) are not block-recursive. Rather, P;
depends on 7T;; through N;;. Hence, for a given vector of wages, the price indices and trade flows
have to be solved simultaneously.

To solve the model, we need values for the model parameters o, o, 3, 0, L;, h;, 7i;, a and K.

In what follows, we discuss how we obtain the values for other parameters.

6.2 Parameter calibration

For the model parameters o, «, 3, H;, and d;; we use values from the literature. The value for

the elasticity of substitution (o) in the literature ranges from 2 to 10 [Anderson and van Wincoop,

11, _ _Blo
5= 155
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2004], and we pick o = 5.!? Following Waugh [2010], we set value-added in production («) at
0.3. The share of expenditure on manufactures (/3) is set at 0.25, which is the median value for
our sample of countries (CIA World Factbook).

The labour-augmenting productivity parameter in country i, h;, is equal to the average human
capital in the economy and L; is the size of the workforce. Following Hall and Jones [1999], we
assume that h; takes the following functional form: h; = exp(+y(e)e), where e is average years
of schooling and ~y(e) is piece-wise linear with slope 0.13 for e < 4, 0.10 for 4 < e < 8, and
0.07 for 8 < e. The data for average years of schooling is for 2005 and come from Barro and
Lee [2013], while the data for workforce is for 2006 and come from the World Development
Indicators (WDI).

Parameter Symbol  Value  Source

Elasticity of substitution o 5 Anderson and van Wincoop [2004]
Value-added in production o} 0.3 Waugh [2010]

Expenditure share of manufacturing Ié] 0.25 CIA World Factbook

Average depreciation rate ) 0.3 Alessandria et al. [2010]

Returns to education v(e)  multiple Hall and Jones [1999]

Distance elasticity of trade p 0.3 Hummels [2001]

Cost elasticity of quality a 10 match share non-zero bilateral trade

Table 7: Calibration of various parameters

We assume a parsimonious specification for bilateral trade costs: 7;; = distfj, where dist;; is
the distance between countries ¢ and j. Thus, we ignore all other conventional barriers to trade
typically used in the gravity literature such as tariffs, contiguity, common language, common
colonial origin, etc. For dist;;, we use the great circle distance between capital cities provided by
CEPII. Hummels [2001] uses actual freight rates to compute the distance elasticity of trade costs.
We use his estimate of 0.3 for p.

The value of the parameter a is obtained by calibrating it to match the fraction of non-zero
bilateral trade flows in the data. This moment is a measure of the extent of globalization. Recall
that a is the elasticity of the marginal cost function with respect to quality. As a declines, pro-
ducers in every country choose higher quality, which tends to increase foreign demand for their

products (as well as domestic demand), thereby allowing them to overcome the fixed cost of the

12Results are not very sensitive to variations in o.
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very first shipment (recall that the only “fixed” cost of exporting in the model is the per-shipment
cost). For our sample of countries, the fraction of non-zero trade flows in 2000 was 0.6 (NBER-
UN trade database). Thus we choose a value for a to match this number. We summarize the set
of parameter values to be used in the quantitative exercise in Table 7.

It is worth noting that, by assuming that the value of a is the same across countries, we
have neutralized any direct comparative advantage in quality effects in our calibrated model.
We assume that the value of 0 is independent of quality as well. Were the value of § higher
for higher quality products, say due to higher costs of maintaining quality during storage or to
greater sensitivity to fashion trends, this would also give countries with lower per-shipment costs
a comparative advantage in quality. Instead, in the calibrated model all the variation in shipment
frequency and size and in price / quality is driven solely off the differences between rich and poor
countries in efficiency of distribution systems at the exporting countries: the per-shipment cost."?

The only remaining parameters are the values for K; and the depreciation rate while in in-
ventory 0. We exploit the structure of our model to estimate these values from the shipment data.
Specifically, recall that the values of K; and J are related to the number of shipments and domestic

sales by equation (5):
e®/Nis N 1(1 5/Ni
— — e 7)) =
N;; o

K;

Tijn-e“qii Ty

We can re-write this relationship in terms of the import value of variety, 7;;, and number of

shipments by noting that 7;; = 7; pf;-OB x Nj; x S;;. Doing so yields the following relationship:

Nij(ed/Ns = 1)(5/Nij +A) Ty

where A = eN%’J'(N%J_ —-1)+ 1

When taking this equation to the data, we must adjust it to reflect that our data a) have export
flows into Chile only, thus j = C'hile; and b) have transactions for all HS 8-digit products and all
Chilean importers. Using the subscripts / and [ to index products and importers, respectively, we

can re-write the equation above as:

Sint/NimA Kin

Nip(€dm/Nint — 1) (831 /Nipy + D) Ty’

where the subscript j = Chile is ommitted to simplify notation. When (]‘i,—’”l) is small, the

ih

13Two additional simplifying assumptions we make are: i) the share of expenditure on manufactures is the same
across countries; and ii) we ignore physical capital in production.
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equation above can be approximated by:
In(Tin) — 2In(Nipg) = In(Kipg) + In(0in),

Assuming further that In(K;y) = i + €;n and (n(d;n) = Yn + ving, We arrive at the estimable
equation:
In(Tim) — 2in(Nin) = i + Yn + Nints

With both 7;; and N;; coming from the Chilean imports data and 7;,;, = € + Vi arguably
orthogonal to the country and product effects. The equation above highlights the fact that +; and
0y, are only identified up to a normalization. In line with Alessandria et al. [2010], we assume that
the average value for 7y, is 0.3,'* and this pins down all the values of ~; and ;.

An important modeling assumption we are making is that per-shipment costs are only export-
ing country-specific. The reality may be that these costs are exporting-importing country-pair
specific. That is to say, the per-shipment cost incurred in Canada when selling to Chile may be
different than the one incurred when selling to the U.S. Should this be the case, then our esti-
mated per-shipment costs, based entirely on shipments to Chile, will not be representative of the
per-shipment costs countries face when trading with countries other than Chile.

As a check for this possibility, we investigate whether, after controlling for exporting country
characteristcis, our estimated per-shipment costs vary systematically with exporting-importing
country pair characteristics, and specifically with exporting country distance to Chile. Column 1
in Table 8 shows that, after controlling for GDP and per capita GDP of the exporting country, our
estimate of per-shipment costs is correlated with the exporting country’s distance to Chile. Further
analysis reveals that this correlation is driven by Chile’s trading partners in Latin America. These
countries’ estimated per-shipment costs to Chile are substantially lower than would be predicted
by their sizes and levels of development. For countries outside of Latin America, distance to
Chile does not effect estimated per-shipment costs. To illustrate this point, column 2 in Table 8
shows the result of a regression of our estimated per-shipment cost values on the gravity variables
and on a Latin-America dummy-variable. In this specification, the effect of distance is reduced
by around 80% and is no longer statistically significant.

We can use the coefficient on the Latin-America dummy variable to quantify the effect that
being in the same region has on per-shipment costs. On average, Latin American countries in

our sample have Ln(per-shipment cost) equal to 8.39. This fact and the results in column 2 mean

14 Alessandria et al. [2010] assume a monthly value of 0.025 for the depreciation rate. The unit of observation in
our model is a year. With this depreciation rate, a fraction (1 — 0.025)2 = 0.73 of a good is left at the end of an
year. This translates into an annual depreciation rate of about 0.27

28



Dep. variable: In(K;)

(1) (2) 3) “)
In(gdp;) -0.082**%  -0.065* -0.069*
(0.037) (0.037) (0.037)
In(gdp_pc;) -0.295%**  -().334%** -0.180%**
(0.067) (0.067) (0.083)
In(dist;) 0.295%%*%* -0.084 -0.091
(0.108) (0.201) (0.204)
Latin America Dummy -0.654** -0.678%*
(0.295) (0.287)
In(# Docs to Export) 0.044 0.032
(0.042)  (0.046)
In(# Days to Export) 0.025*** 0.009
(0.008)  (0.001)
In($ Cost to Export) -0.000 0.000
(0.000)  (0.000)
N 85 85 83 83
R? 0.33 0.37 0.32 0.47

sk skk

Note: Standard errors in parentheses. and “denote significance at
the 1%, 5% and 10% levels respectively.Reported standard errors are boot-
strapped.

Table 8: Per-shipment costs and country characteristics

that countries in the region, Latin America in this case, have almost 10% lower Log per-shipment
costs than comparable countries—in terms of GDP, per capita GDP, and distance to Chile—from
outside the region. It is worth noting that the estimated in-region reduction in per-shipment cost
is quite large, with the estimated 0.65 reduction in Log per-shipment cost translating into a 48%
reduction in absolute per-shipment costs for Latin American countries. The estimated in-region
corrected measure of the per-shipment costs is reported in appendix Table 15. We use this in-
region corrected measure of per-shipment cost in the quantitative exercises below, allowing for a
10% cost reduction for trade between countries in the same region.

Lastly, for the quantitative exercises we must take a stand on the per-shipment costs firms incur
when selling in the domestic market. We assume firms face the cost to sell domestically that they

face when selling to in-region foreign countries. We run sensitivity checks on this assumption
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and the main results we find do not depend on it.
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Figure 4: Relation between per-shipment cost and per capita GDP of the exporting country

As an additional check on the validity of our estimated per-shipment cost values, we investi-
gate the correlation between these estimates and survey measures produced by the World Bank
on the costs of doing business across borders.!> In particular, we correlate our estimates to mea-
sures of a) the number of documents that need to be processed for exporting, b) the number of
days for the release of an export shipment and c¢) the monetary cost incurred for the release of an
export shipment in each country of our sample. These three survey metrics are highly correlated
among themselves and each metric, taken on its own, is strongly correlated with our per-shipment
cost estimates. Column 3 in Table 8 shows the results of a regression of our per-shipment cost
estimates on the three survey measures together. Combined, these variables explain 32% of the
variation in the calibrated per-shipment costs. This result indicates that, while our estimates are
correlated with standard survey measures of export costs incurred at the exporting country, the
estimates contain additional information on trading costs not captured by the standard measures.
The in-region effects identified above are one example. As a rough comparison, while the average

monetary cost incurred for the release of an export shipment for countries in our sample is equal

BFor more information on these data, go to http://www.doingbusiness.org/methodology/
trading-across—-borders.
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to US $1,203, in the World Bank data, the average per-shipment cost based on our methodology
is almost seven times larger, at US $8,316.

We note, finally, that our model proposes that high income countries have lower per-shipment
costs of trading than do low-income countries. The regression results in Table 8 show this fact,
with per capita GDP negatively correlated to our estimate of per-shipment cost under the multiple
specifications. Figure 4 provides a visual display of this fact, plotting (log of) per-shipment
costs against (log of) per capita GDP of the countries in our sample. It shows a clear negative
relation between these two variables, with a correlation of -0.49. We should emphasize here
that this correlation is a feature of the data and not necessitated by our procedure for estimating
per-shipment costs. In particular, no characteristics of the exporting countries entered in the
calculation of the per-shipment costs other than the size and frequency of the country’s export
shipments to Chile.

6.3 Model fit

With the parameters of the model now fixed, we can evaluate how well the quantitative model
fits the data. Observe that wage, and hence aggregate income is endogenous in our model. In the
benchmark scenario (i.e., using the calibrated per-shipment costs), the correlation between (real)
GDP and (real) per capita GDP in the model and the data is around 0.9.
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Figure 5: Distribution cost and exporter income

A key insight of our analysis is that rich countries have lower per-shipment costs than poor
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countries and these lower costs generate a comparative advantage in high-quality products for
rich countries. Since income levels are an equilibrium outcome in our model while per-shipment
costs are parameters, we first check whether or not per-capita income and per-shipment costs are
negatively correlated in the calibrated model. Figure 5a reveals that this is indeed the case. In
Figure 5a, one of the countries — Mauritania — shows up as an outlier with very small income per

capita, so Figure 5b shows the same information excluding Mauritania.'®
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Figure 6: Price, quality and exporter income

Next, consistent with other studies, we use price as an observed proxy for quality and explore
how well the model predicts the correlation between price and per-capita income. Figure 6a plots
prices p;; averaged across importer j against the model-generated per-capita GDP of exporting
country <. Consistent with data, the model produces a clear positive relationship between export
price and per capita income. The model also produces a similar relationship between quality and
exporter income, and this is reported in Figure 6b. Finally, Figure 7 shows how price varies with
quality in the cross-section.

But how much of the relationship between price and per capita GDP can be generated by our
mechanism? To answer this question, we use the model data to estimate the income elasticity
of prices and compare it to a similar metric in data. The result is reported in Table 9. Recall

from Section 3 that, within Chilean importer-product pairs, a 10 percent increase in the per capita

16Note that this country remains in the analysis that follows, but is excluded from figures for ease of presentation.
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Figure 7: Export price and quality

A. Data
All HS8 codes Top 30 HS8 codes
0.26%** 0.28%**
(0.05) (0.04)
B. Model
Benchmark K; = Kys K; = Kyegion K, =0
0.23%*% 0.10%** 0.10%** 0.07%*%*
(0.081) (0.001) (0.002) (0.001)

Note: The numbers are coefficients on per capita GDP
when (log) price is regressed on (log) GDP and (log) per
capita GDP of exporter and (log) bilateral distance. Stan-
dard errors in parentheses. “** denotes significance at the
1% level.

Table 9: Price elasticities
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income of the source country is related to a 2.6 percent average increase in the prices of the
varieties purchased from this country when we include all HS8 codes, and a 2.8 percent average
increase in the prices when looking at only the Top 30 HS8 codes. Table 9 shows the analogous
elasticity for our model, derived from a regression of log p;; on log GDP, log per capita GDP and
log bilateral distance. Because all importing firms in the model are identical and all products are
symmetric, the regressions already “control” for importing firms and products. As the model has
multiple importing countries, the regression includes importer country fixed effects.

Panel A of Table 9 reproduces the price elasticity found in the Chilean import data. In the
benchmark scenario reported in Panel B, Column 1, i.e., the calibrated model, the variety price
elasticity with respect to exporters’ per capita income is equal to 0.23 (statistically significant at
the one percent level). The model, therefore, generates more than 80 percent of the sensitivity of
variety price to exporter income observed in the data. This is in spite of the fact that all avenues
of comparative advantage in quality, other than those arising from a lower per-shipment cost, are
neutralized in the calibrated model."”

As our analysis emphasized the link between comparative advantage in quality, due to low
per-shipment costs, and income, the calibrated model also makes predictions about cross-country
income inequality. In our calibrated model, variance of log-income across countries is 0.46, while
the ratio of the 90th to the 10th percentile of the country income distribution is 4.1. This is shown
in Table 11. As a reference, for our sample of 85 countries, the value of the same metrics are 0.96
and 16 respectively.

Finally, Waugh [2010] argues that, to explain trade flow and price data, export costs must take
an ad-valorem form and must be decreasing in the exporting country’s level of development. As
discussed in Section 4, in the presence of an inventory management problem, the per-shipment
costs show up as ad-valorem export costs in equilibrium. From our model, we can calculate the
implied ad valorem export costs and correlate them with the per-capita GDP of the exporting
countries. The model produces a strong negative correlation, as required by Waugh (2010).'8

This is reported in Figure 8.

6.4 Counterfactuals

Using the calibrated version of the model, we can quantify the effects that changes in the per-

shipment costs have on distribution (shipping plus inventory) costs, on the quality / price of coun-

17Recall that we calibrated the only free parameter, a, by matching the share of non-zero bilateral trade flows.
18While Waugh [2010] does not specify what exactly these ad-valorem export costs are, our model provides one
possible micro-foundation for them.
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Figure 8: Ad-valorem export cost and exporter income

tries’ exports, on income and income inequality, and on welfare. It is worth noting that much
emphasis has been placed in the implementation of trade facilitation policies, and most of these
initiatives should impact per-shipment costs of exporting. To illustrate, in December of 2013,
the WTO concluded the Trade Facilitation Agreement. The agreement “...contains provisions for
expediting the movement, release and clearance of goods,...”.!” Among other measures, these
negotiations have spurred a wave of interest in “Single Window” initiatives aimed at reducing the
paper work and bureaucracy involved in international trade transactions. The quantification of
these effects is, to our knowledge, the first general equilibrium treatment of the welfare implica-
tions of this type of policy.

Our first experiment looks at the impacts of a policy that changes (in almost all cases, lowers)
the per-shipment costs of all countries in our sample to U.S. levels.”’ The effect on shipment size
and frequency is shown in Figure 9. As expected, most countries increase shipment frequency
and reduce shipment size in response to the now lower per-shipment costs they face, with the

median exporter increasing shipment frequency by 14 percent and reducing shipment size by 48

Ohttps://www.wto.org/english/tratop_e/tradfa_e/tradfa_e.htm
20Note that only two of the 85 countries in our sample have per-shipment costs lower than the U.S - Japan and
Mauritius.
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Figure 9: Change in shipment frequency and size

percent. The same policy also causes the export price elasticity with respect to exporting country
per capita GDP to drop by more than 50 percent (from 0.23 to 0.1). This is reported in Table 9. In
essence, the elimination of the differences in per-shipment cost between rich and poor countries
diminishes rich countries’ comparative advantage in quality and leads to convergence in quality
across countries.

Table 10 reports the effects of changing per-shipment costs to U.S. levels on countries’ real
income (i.e., welfare). Such a policy results in a 3.4% increase in the real income of the median
country in the sample. There is considerable heterogeneity in welfare change across countries,
however. For example, looking at the distribution of welfare change, the country at the 25th
percentile experiences only a 1 percent change while the country at the 75th percentile experiences
more than a 10 percent.

Furthermore, this effect is larger for poor countries, with the median change among the poorest
10 countries in the sample being a 27.8% increase in real income. The median change among
the 10 richest countries is actually a 0.3% decline in real income. Figure 10 plots the resulting
welfare effect of changing per-shipment costs to US levels against the countries’ per capita GDP
and confirms the heterogenous effects across the country income distribution. Finally, this policy

also reduces inequality across countries; Table 11 reports that income inequality across countries
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is reduced by between 20 and 60 percent depending on how it is measured.

K; = KUS K; = Kregion K;=0

Real Income:

Median country 3.4% 3.7% 9.5%
Median rich country -0.3% -0.3% 0.1%
Median poor country 27.8% 18% 67.1%

Table 10: Income Effects of Counterfactual Exercises
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Figure 10: Welfare Effect of K; = Kyg

Lastly, Table 12 reports the tariff-equivalent of the export specific per-shipment costs. For the
benchmark scenario, the tariff-equivalent of per-shipment costs for the median country is equal to
20%. Once again, there is considerable heterogeneity in this number. The median tariff equivalent
for the 10 richest countries is 14% while for the 10 poorest countries, this value is 32%. The policy
that changes per-shipment costs to US levels reduces the ad-valorem cost for the median country

by more than half. The reductions are similar for the poorest and the richest countries as well.
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For comparison purposes, Anderson and van Wincoop [2004] estimates a 170% total trade cost

for the representative rich country, almost half of it being due to local distribution costs.

Benchmark K; = Kys K; = Kregion Ki =0

Var[Log(Income)] 0.46 0.19 0.23 0.15

Y90/ Y10 4.1 34 3.6 2.8

Note: yo0/y10 denotes the ratio of the 90th to the 10th percentile
real wage.

Table 11: Inequality Effects of Counterfactual Exercises

Benchmark K; = Kys K; = Kycgion K; =0

Tariff equivalent:
Median country 20% 12% 14% 0%
Median rich country 14% 10% 9% 0%
Median poor country 32% 25% 29% 0%

Note: The tariff equivalent of distribution cost is defined
in Section 4 as (e%/Nii — 1).

Table 12: The tariff equivalent of distribution cost

Finally, we can decompose the welfare effects of a change in per-shipment costs into that due
to changes in shipment costs, in inventory costs, and in direct utility (consumption changes due
to changes in quality adjusted prices). The effect on shipment costs can be further decomposed
into the part directly due to the change in per shipment cost, i.e., holding fixed the number of
shipments, and the part due to the implied changes in the number of shipments. In a similar way,
the effect on inventory cost (IC) can be decomposed into the part directly due to the change in the
number of shipments and the part due to changes in the amount traded. The latter accounts for
the fact that both physical quantities and quality (and thus prices) endogenously adjust to the new
per-shipment costs.

Table 13 reports the decomposition for the policy that changes per shipment costs in all coun-

tries to US levels. The table reports results for the country experiencing the median welfare
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Total Delivery Costs Direct
Shipping Cost Inventory Cost Utility
(K xN) | (K xN) aIC) (I0)
oK IN oK ‘N(KUS) TN 1Xi; W‘N(Ktjs)
Real Income:
Median country  3.4% 0.10% -0.09% 0.06% -0.05% 3.38%
Median rich country  -0.3% 0.10% -0.05% 0.05% -0.02% -0.36%
Median poor country 27.8% | 0.22% -0.21% 0.14% -0.12% 27.5%

Note: 1C is inventory cost and is defined in Section 4 as IC' =
Tijrie?% (NijSij — Tij)

Table 13: Decomposition of Welfare Effects (variable quality)

impact, where the median is either among all countries in the model, the 10 richest countries in
the model and the 10 poorest countries in the model. For the country experiencing the median
change among all countries, Mexico, the reduction in its per-shipment cost to US levels amounts
to a reduction of almost 40%. This reduction has various impacts on overall distribution costs.
First, there is a direct per-shipment cost saving amounting to 0.1% of real income due to the fact
that Russian exporters now incur lower per shipment costs on every export shipment. Second,
there is an indirect cost effect amounting to minus 0.09% of real income, resulting from the fact
that the lower per-shipment cost induces Danish exporters to send more shipments. Counteracting
this effect is a third effect due to the fact that the additional shipments result in smaller shipments
and so reduced inventory costs. This reduced inventory cost effect amounts to an offsetting 0.06%
increase in real income. The fourth and final effect occurs because the lower distribution costs
result in a larger volume of exports and exports of a higher quality. This value effect leads to
added inventory costs amounting to minus 0.05% of real income. Hence, for Mexico at least, the
reduced per-shipment costs result in a distribution cost savings that is negligible.

The major impact of the reduction in per-shipment costs is clearly not the savings in distri-
bution costs. Rather, it is the quality upgrading that reduced distribution costs permit. For the
median country, this impact amounts to 3.38% of real income. For the median among the poor
countries, it is substantial — 27.5% of real income. Observe that for the rich countries, the savings
in shipping and inventory cost actually reduce the negative effect on welfare.

We confirm this fact in Table 14 that shows the effects of the same policy - changes in per-
shipment costs to US levels - when quality is not allowed to vary. As the table shows, the total

effect of the policy change is much smaller. For the median country, the welfare gains are about a
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Total Delivery Costs Direct
Shipping Cost Inventory Cost Utility
A(K xN) A(K xN) a(IC) a(10)
oK |N K |N(KUS) oN 1 Xij  ax,; IN(Kus)
Real Income:
Median Country 0.4% | 0.04% -0.02% 0.02% -0.00% 0.36%
Median rich country 0.1% | 0.10% -0.04% 0.06% -0.00% -0.02%
Median poor country 1.3% | 0.22% -0.08% 0.15% -0.00% 1.01%

Note: 1C is inventory cost and is defined in Section 4 as IC' =
Tijrie?% (NijSij — Tij)

Table 14: Decomposition of Welfare Effects (fixed quality)

tenth of what they would be if quality were flexible. As before, there is a lot of heterogeneity in the
welfare gains. Interestingly, when quality is fixed, the median among the rich countries actually
gains from the reduction in per-shipment cost, with most of this gain coming from savings in
distribution costs. This implies that the welfare reduction that the rich countries experience when
quality is endogenous is being driven entirely by quality change.

We run two more counterfactual exercises. Recall that in the model, the per-shipment cost
faced by German firms exporting to France are lower than what they face when exporting to
Brazil. In the first counterfactual, we assume that the per-shipment cost faced by firms in a
country is the within-region per-shipment cost. The rationale behind such an exercise is that
reducing per-shipment costs to the level of the U.S. might be difficult for many poor countries
with weak institutions, while setting the per-shipment costs at the within-region level, although
modest, is feasible. As shown in Tables 11, 10, 11 and 12, the effect of this reduction on prices,
welfare, inequality and distribution costs are actually quite similar to the previous counterfactual
exercise. This suggests that even a small change in per-shipment costs can have a large impact.

In the second counterfactual, we consider a scenario that eliminates per-shipment costs at
exporting countries altogether. As expected, this exercise produces more pronounced effects,
leading to less price sensitivity to exporter’s level of development, higher real incomes, lower

inequality across countries and lower tariff equivalent of distribution costs.
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7 Conclusion

For a long time economists abstracted from the nuances of distribution systems in order to fo-
cus on the key determinants of trade and incomes, such as productivity, capital accumulation
and the sources of comparative advantage. Distribution systems were part of the background,
often represented by iceberg-type transportation costs and fixed costs of selling abroad. Recent
evidence, however, has uncovered that one cannot understand incomes and trade flows without
understanding how goods move from producers to consumers. This paper confirms these findings
and shows that the ability to move goods in the domestic market is a key piece for understanding

specialization in quality and its impacts on income differences across countries.
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Appendix A

Table 15: Per shipment costs

Cost Cost Cost
Country U.S. Dollars | Country U.S. Dollars | Country U.S. Dollars
Japan 2,641 Barbados 4,996 Zambia 8,095
United States 2,834 Finland 5,045 Panama 8,149
Morocco 2,840 Iceland 5,143 Tajikistan 8,404
Sweden 2918 Bolivia 5,282 Mexico 8,515
Hungary 3,000 Philippines 5,330 Colombia 8,697
Germany 3,022 Netherlands 5,333 Honduras 8,749
Switzerland 3,215 New Zealand 5,428 Slovenia 8,832
Tunisia 3,216 Australia 5,440 El Salvador 9,259
Bulgaria 3,290 Poland 5,521 Russia 10,351
South Korea 3,403 Bangladesh 5,549 Paraguay 10,375
China 3,506 Ireland 5,589 Nepal 10,890
Singapore 3,575 Greece 5,593 Guatemala 11,115
France 3,623 Indonesia 5,594 Mongolia 11,253
United Kingdom 3,654 Thailand 5,733 Uruguay 11,299
Egypt 3,792 Israel 5,810 Albania 11,927
Malta 3,907 Croatia 5,997 Swaziland 12,361
Lithuania 4,076 Latvia 6,162 Kenya 12,566
Italy 4,223 South Africa 6,429 Venezuela 12,612
Spain 4,410 Costa Rica 6,496 Jordan 12,699
Cyprus 4,414 Peru 6,516 Estonia 13,092
Belgium 4421 India 6,598 Pakistan 14,112
Austria 4,690 Ecuador 6,783 Ukraine 15,883
Czech Republic 4,702 Portugal 6,916 Iran 15,985
Romania 4,743 Sri Lanka 7,005 Cambodia 21,265
Denmark 4,774 Norway 7,050 Ghana 22,211
Turkey 4,835 Dominican Republic 7,301 Kazakhstan 25,546
Canada 4,921 Vietnam 7,615 Mauritania 53,281
Malaysia 4,995 Brazil 7,927 Zimbabwe 104,225
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Proof of Proposition 1. Note that we can write the implicit solution to the inventory management

(-3 -dox

The variable y is increasing in K and declining in z. Differentiating the above equation with

problem as:

respect to y, we have

dN  N°?
dy — 6ed/N’
It follows that /V is increasing in x and decreasing in N. [

Proof of Proposition 3. The FOB price depends on

s—1
¢(s):es+1_e )
S

where s = 0 /N. Differentiating with respect to s yields

a¢(8) _ 1 s s
B = ?[se (s —1)+ (" —1)].

Now, the value of the above derivative, as s — 0 is not defined. Hence, we have to apply

L’Hospital’s rule, which yields

9¢(s) e’(s+1)

0s ls=o 2 50

In the neighbourhood of s = 0, the function ¢(s) is increasing in s. Now, because poorer countries

have a lower shipment frequency NV, s is higher for these countries. Therefore, ¢(s), and hence

pTO8 is higher for poorer countries. O

Proof of Proposition 2. Note that d;; can be written as d;; = f(s) x A, where A is independent

of both z;; and K, and
e —1

f(s) = ,

S

where s = §/N. As long as s > 0, f(s) > 0 and (i) follows. Differentiating f(s) with respect to

s yields
0 1
—gis) =3 e*(s—1)+1].
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Using a Taylor Series expansion, e > s 4 1. Replacing this in the above equation, we have

agf) . é[(ﬁ (s —1) 4 1]
=1.

Hence, when s increases, so does d;;. But s is decreasing in z;; and increasing in ;. Hence, (ii)
and (iii) follow. [

Proof of Proposition 4. Note that ¢;; can be written as ¢;; = g(s) x B, where B is exogenously

given and
_l—e

g(s) T

where s = 0 /N. Differentiating g(s) with respect to s yields

dg(s) 1.
55 = gl¢ (1) —1].

From e® > s + 1, we have
e ’(s+1)—1<0.

Therefore, 8%(:) < 0. Now, conditional on ¢, an increase in K reduces /N, and hence, reduces

g(s). It can be shown that g(s) is a concave function of ¢. It follows then that an increase in K

will reduce q¢. O

Appendix C

In this section, we examine the relation between the number (and size) of shipments and (i) per
shipment costs, and (ii) depreciation rate of goods when a firm solves a two period dynamic
inventory management problem under uncertainty. Demand in the two periods, ¢; and ¢, is
uncertain and is drawn independently from a distribution ®(¢) with pdf ¢(q). We solve the firm’s
problem recursively.

Suppose the firm starts period 2 with an inventory of x. It has to decide how much inventory to
hold over this period, y-, which will also determine how much, if at all, it has to order at the begin
of period 2. The good does not depreciate between periods 1 and 2. At the end of period 2, the
firm can sell any excess inventory at a price of h per unit. h captures how fast goods depreciate,

with lower h corresponding to higher depreciation rate. Each unit normally sells for p, costs ¢ and
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the per shipment cost is /. Net expected profit in period 2 is given by

E[?T] _ E[TQ]_C<y2_x)_K 1fy2 >,
? E[rs) otherwise.

where E[rs] is expected revenue in period 2. The firm sells an amount equal to period 2 demand,
@2, if it has enough inventory. Otherwise, it just sells y,. It also earns A on every unit of excess

inventory ¥, — g2. Therefore,

Elra] = p / minlys, dlé(a)dq + b / " — 0)(a)da.

Assuming that ®(q) follows a uniform distribution with support [0, 1|, we have

1

E[m] = pys — ipyi —c(yp—2) — K.

Maximizing m, with respect to y,, we have y, = g%;, i.e., period two optimal inventory is in-
dependent of z. Note that we are assuming here that y, > z. If y5 < z, the firm chooses - to
maximize E|rs] only. Then, the optimal inventory in period 2 is y, = 1.

In period 1, the firm starts with nothing. It has to choose how much inventory to hold over
this period, y;. Whatever is left unsold, y; — g1, carries over to period 2. As before, the firms’s
period 1 expected profit is given by

1

E[m] =py: — §pyf —cy; — K.

where we have assumed that the firm starts with zero inventory. The expected period 2 cost is
given by Prob(z < y2).Flc(y2 — z) + K|z < y2]. Replacing = with y; — ¢, and simplifying,
the expected costis (1 — y; + yz)(w + K). Assuming that the firm does not discount its
period 2 profits, the expected total profits of the firm are given by

1

Elm + o) = py1 — §pyf —cy — K+ 1=y +y2)(

c(ya —yn +1)

5 +K) +¢.

where ¢ is independent of y;. Maximizing the above expression with respect to y; yields

h—c
K+ o

=1
n + Pt
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Because y; is the size of the shipment in period one, a higher K increases the size of the shipment.
Furthermore, shipments are ordered in period 2 with probability Prob(q; > y1—vy2) = 1—y1+ys.
Because vy, is increasing in K while - is independent of K, this probability is decreasing in K.
Applying the Law of Large Numbers, the number of period two shipments, and hence the total
number of shipments, ordered when K is high is low.

At the same time, goods with low h (higher depreciation rate) have a low y; and accordingly,

higher shipments on average.
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