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Abstract

This paper studies the micro-foundations of the gravity equation of bilateral aggregate trade flows between
any two countries. At the country level it states that the value of bilateral trade is inversely proportional
to the distance between countries, typically measured between the capitals of those countries, and directly
proportional to the gross national products of those countries. Using a unique and novel data set for Russian
firms we study properties of firm-to-firm export flows from the most disaggregated level of individual customs
forms to the firm-level, and then aggregate these flows to the country level. Our data set encodes all Russian
exporters and foreign recipients and the import and export transactions that are tied to specific suppliers
in every country as well as buyers in every destination country. The data includes good’s classification,
quantity, weight in kilograms, value in both local currency and USD, exact locations of good origination
and delivery, including ports of entry and exit, delivery method, and some contractual details regarding
payment obligations. Our first result is on the role of exact distance in the gravity equation at every level
instead of the capital-to-capital surrogate distance. We find that using exact distance at the country level
increases by 25% the absolute value of the coefficient on the log of distance, which is both statistically and
economically significant. Using either distance, however, yields the traditional negative relation between the
trade value value and distance at the country level. We then test the gravity relation at the shipment and
firm level. We find that distance has no explanatory power for the cargo value while the unit cargo value
increases with distance. We also find that cargo weight declines with distance. At the firm level we find
an ambiguous effect of distance on the value of exports. The export value increases/decreases with distance
with /without exporter and recipient fixed effects. We then study why the data aggregates at the country
level to the classical gravity equation. We find that the most crucial property of the data leading to the
correct aggregation is associated with the shipment level data. Specifically, we show that the average value
per shipment should increase slower with distance than the decline in the average number of shipments with
distance to yield the correct aggregation at the country level. We then demonstrate that as long as this
condition is satisfied, the firm level aggregation may yield quite different results ranging from the traditional
negative relation between value and distance, to no relation between them, to positive relation between
them, thus making the firm-level evidence much less informative regarding the country-level gravity. We
also provide support to theories emphasizing that higher quality and thus more expensive goods get shipped
over longer distances.



1 Introduction

Following the seminal theoretical contributions on heterogeneous exporting firms by Melitz (2003)
and Bernard et al. (2003) the international trade literature has been building up a number of
important stylized facts. It is well known y now that firms that engage in international trade are
larger and more productive relative to their domestic counterparts. The recent availability of the
micro firm-level datasets has resulted in new facts regarding the exporting firm-destination country
nexus. Bastos and Silva (2010) and Harrigan et al. (2015) have shown that firms send higher quality
products to richer countries. Manova and Zhang (2012) find that firms with larger exports also send
their products to a wider range of destination countries.

In this paper we employ the highly detailed customs level data from Russia that allows us
to investigate the previously unexplored dimensions of the international trade and conduct the
empirical analysis at different levels of data aggregation. The customs declarations of virtually
all Russian exporting firms at the daily frequency over 2011 allow us to identify the unique cargo
shipments between domestic exporting firms and foreign firms recipients. Furthermore, the customs
forms data contains the precise identification on firms at both sides of the export transaction which
enables us to calculate the exact door-to-door distance between firms and build the exporting as
well as receiving firms’ networks.

We calculate the cargo shipments characteristics such as dollar value, weight, mode of trans-
portation, and variety of products in the shipment and examine how their variation is related to
distance between firms, mode of transportation and characteristics of exporting and receiving firms.
The high dimensionality of our data allows us to employ time, product and firm level fixed effects for
exporters and recipients, thus enabling us to identify the parameters of interest through variation
within exporters across recipients and vice versa.

We find positive assortative matching between Russian exporter and foreign importers based on
trade size (Figure [3] Panel A), i.e., exporters with large/small export value are likely to match with
recipients with large/small import value. We also find that exporters with large/small export value
ship large/small number of cargoes to recipients with large/small import value (Figure , Panel B).
We find negative distance conditional assortative matching between Russian exporter and foreign
importers based on trade size (Figure 4] Panel A), i.e., large exporters trade with recipients of
all sizes over long distances while only small recipients trade with exporters of all sizes over short

distances. We also find negative distance conditional assortative matching between Russian exporter



and foreign importers based on the number of cargoes (Figure 4l Panel B), i.e., exporters shipping
large number of cargoes ship over long distances to all types of recipients while only recipients
receiving small number of cargoes receive them over long distances.

Our first multivariate result is on the role of exact distance in the gravity equation at every
level instead of the capital-to-capital surrogate distance. We find that using exact distance at the
country level increases by 25% the absolute value of the coefficient on the log of distance, which is
both statistically and economically significant. Using either distance, however, yields the traditional
negative relation between the trade value value and distance at the country level.

Our second set of results applies to the shipment and firm level. We find that distance has no
explanatory power for the cross-section of cargo values while the unit cargo value increases with
distance. In addition we find that cargo weight declines with distance. At the firm level we find
an ambiguous effect of distance on the value of exports. The export value increases/decreases with
distance with/without exporter and recipient fixed effects.

Next we investigate the reason why the data aggregates at the country level to the classical
gravity equation. We find that the most crucial property of the data leading to the correct aggre-
gation is associated with the shipment level data. Specifically, we show that the cargo’s intensive
margin should increase slower with distance than the decline in the average number of shipments
with distance to yield the correct aggregation at the country level. We then demonstrate that as
long as this condition is satisfied, the firm level aggregation may yield quite different results ranging
from the traditional negative relation between value and distance, to no relation between them, to
positive relation between them, thus making the firm-level evidence much less informative regarding
the country-level gravity. We also provide support to theories emphasizing that higher quality and

thus more expensive goods get shipped over longer distances.

[TO BE CONTINUED.. .|

2 Data description

We use the recently released proprietary data on Russian exports at the transaction level. Our
dataset is collected by customs authorities and contains 1,613,878 customs declaration submitted
by exporting firms in 2011. Each customs declaration reports information on the date when the
declared product left the country, 10-digit HS code classifying the declared product, net weight in

kilograms, mode of transportation, F.O.B. (Free on board) value of exported product in US dollars,



names and postal addresses of the foreign recipient firm and the Russian exporting firm.

Identification of the foreign recipient firms has been a serious challenge in empirical work prevent-
ing researchers from studying the international trade at the firm-to-firm level. Recently a number
of papers were able to collect the firm-to-firm international trade data where identities of foreign
recipients are obtained using decoding tools with the various degrees of precision (e.g., Bernard et
al. (2016), Carballo et al. (2016), Kamal and Monarch (2016), Kamal and Sundaram (2016)).

We exploit the key advantage of our customs data and uniquely identify the foreign recipient
firms by their reported names and addresses. Since we are interested in studying the spatial network
of international trade patterns we assign different IDs to the recipient firms with the same name but
different addresses. For example, Halliburton, Texas has a different ID from Halliburton, Australiam
This identification strategy results in 48,469 unique firm-recipients in our dataset. Reported tax
IDs of Russian exporters required to be included on their customs declarations allow us to identify
20,025 unique firms involved in export. These data spans large public firms as well as individual
entrepreneurs.

Altogether we have 88,633 exporter-importer relationships. Panel B of Table [1] shows that
Russian exporters have larger trading networks abroad, mean number of importers per each exporter
is equal to 4.4, than foreign importers have with Russian firms, mean number of exporters per
importer is equal to 1.8

The reported postal addresses of exporters and recipients enable us to use Google geocoder to
obtain the geo-coordinates of all exporters and recipients in the data-set and calculate the exact
distance on a sphere between each pair of counterparties. By studying how distance between trading
parties is related to the export volumes at different levels of data aggregation such as cargo shipment,
firm-to-firm, and country-to-country we contribute to understanding how gravity in international
trade works at each of these levels. Appendix B provides further information on the data creation
and filtering.

Alongside the invoice value of exports in the original invoicing currencyﬂ and the agreed delivery

conditions the declarant is also required to report the US dollar value of exports at the current

!See Data appendix for the description of the algorithm that we used for assigning the unique IDs to foreign firms
recipients.

For comparison, values of these two variables reported by Bernard et al. (2016) for Norway are 9 and 2 respectively.

3US dollar is the predominant currency of invoicing with 47.5% of all customs declarations being settled in USD.
Russian ruble is the second most popular currency of invoicing and occupies 30.3% of all customs declarations in our
data. Export declarations in Euro occur in 21.7% of all export contracts. Invoicing in other currencies takes place in
less than 1% of export contracts.



exchange rate adjusted to the F.O.B. delivery conditions at the last port of departure of the Eurasian
Customs Union (EACU)ﬁ The official guidelines on customs declarations reporting stipulate the
following rule for the F.O.B. adjustment: 1) if the export contract specifies the delivery city within
the EACU other than the last port of departure the transportation costs to the border of the EACU
are added to the exports value; 2) if the export contract specifies the delivery city outside of the
EACU the transportation costs from the EACU border the city of delivery are subtracted from the
exports value. This adjustment results in bringing all Russian exports to a common denominator
and as a result we have the exports data in producer prices at the border of the EACU.

All customs declarations also report the delivery conditions of the export transactions. Nearly
half of Russian exports (48.6%) are contracted under F.C.A. (Free carrier) conditions. C.P.T.
(Carriage Paid to destination) and D.A.F. (Delivery at Frontier) respectively occupy 13.1% and
14.7% of all declarations.

The reported tax IDs of Russian exporting firms allow us to match their customs-level data
with the firms’ financial characteristics. We obtain annual values of total sales and total assets of
exporting firms for the 2010-2011 period from the Ruslana database of Bureau Van Dijk.

The country-level data on GDP is obtained from the World Bank’s WDI, the bilateral capital-
to-capital distances between countries are obtained from CEPHE Russian trade data contains 181

ISO country codes out of total of 249 Country Codes in the ISO Standard List.

3 Cargo shipments

We start our multivariate analysis with daily cargo shipments rather than with customs forms.ﬁ
A major argument in favor of this choice is that both the number and content of customs forms
are products of exogenous regulations imposed by the Federal Customs Service of Russia (FCSoR,
www.russian-customs.org), rather than the equilibrium choice of a value-maximizing exporting firm.
The exporter decides on the content of the cargo shipment it sends on date ¢ to a foreign recipient,
and then files as many customs forms per shipment as required by FCSoR. We, therefore, aggregate
customs forms up to daily cargo shipments which are defined as all customs forms filed on day 7 by

a Russian exporter e to the same recipient r through the same customs office and using the same

“In 2011 EACU included Russia, Belarus and Kazakhstan.
http://www.cepii.fr/anglaisgraph /bdd/distances.htm

50ur customs-form level results are available upon request. They are qualitatively similar to the cargo shipment-
level results reported in this Section.



transportation method. For each cargo shipment we construct the value (in US$) of the shipment,
VALUE, and net weight (in kg) of the shipment, EXP.WGHT, by adding up values and weights from
all customs forms included in the shipment. We also define the exported cargo intensive margin,
VALUE.PER.KILO, as the value of the cargo shipment scaled by its total weight. Finally, we define
the exported cargo extensive margin, VARIETY, as the number of unique HS10 codes across all
customs forms in the cargo shipment.

Each cargo shipment is delivered by a unique freight method. We designate a dummy variable
for each individual freight method: AIR.TRANS for air transportation, RAIL. TRANS for railroad
transportation, SHIP.TRANS for transportation by water, AUTO.TRANS for automobile transport,
and OTHER.TRANS for all other transportation methods[| We use the railroad freight as the
reference transportation method, as both western and eastern parts of Russia have well-developed
railroad networks and railroad is the most reliable land-based method of transport for medium
weight and up to very heavy shipments. Our results are robust to any alternative choice of the
reference freight method.

We perform our analysis using variants of three descriptive linear equations. Let X, ;4 denote a
vector of importing firm belonging to country d characteristics in logs, including but not limited to a
log of destination country real GDP, log(GDP;), X, denote a vector of exporting firm characteristics
in logs, It denote a vector of the freight method dummies measured relative to the railroad freight,
log(DISTf’T) denote a log of squared distance between exporting and importing firms, log(DI1ST?)
denote a log of squared distance between Moscow and the capital of exporting country d. Linear
projections of log characteristic of a cargo shipment p shipped by a Russian firm e in month ¢ to a

recipient r located in a destination country d are given by

Uperdt = O1¢t+ Qlp + 6 10g(DIST§T) + 0l + X + an,d + €perdt; (1)
Uperdt = OQ1¢+ Q1p+ a1r + 5 IOg(DISTeZ,r) + 017 + 7Xe + €perdt; (2)
Uperdt = OQ1t T Q1p+ a1y + Qe + B log(DISTe%r) + 017 + Eperdt - (3)

We use the exact firm-to-firm distance in kilometers measured on a sphere across all specifications.

We square the distance thus adopting the null that at the country level § = —1[55] and making

"These include but not limited to regular mail, personal delivery, pipe, etc.

8We adopt the null hypothesis that the value of exports declines with distance as distance squared at all aggregation
levels, e.g., customs form, shipment, firm, and country.



elasticity of the export value to distance equal to 28. The parameters used in equations are:
aqg is a time fixed effect with a unit of time equal to one month; a1, is a product fixed effect
with product categories measured by 10-digit Harmonized System (HS10) product codes; o is the
Russian exporter fixed effect; oy, is the recipient’s fixed effect. The error term is €perqe- 5 is the
parameter of main interest, as it answers the question: how does value of exports at the customs
forms-level vary with distance between the exporting and importing firms? Parameter § helps to
understand how the value of exports vary with the transportation method, while parameters v
and 7 explain how export values vary with characteristics of exporting and importing firms as well
as destination countries. Except for the transportation method dummies we use natural logs of
characteristics and response variables across all specifications.

In each specification we control for seasonality by incorporating monthly fixed effects thus re-
stricting identification to monthly variations in all relevant characteristics. In addition, each speci-
fication includes product fixed effects, thus identifying 3, §, v, and n through variation both within
recipients and exporters across products and across recipients and exporters. Since majority of
cargo shipments consists of multiple products (average number is 2.8) it is difficult to use product
fixed effects directly. We circumvent this obstacle by using code for the highest valued good per
shipment to construct product fixed effects)

Specification controls for the unobserved heterogeneity across recipients and exporters using
vectors of recipient-country and exporter characteristics, X, 4 and X, respectively. We use two
distinct recipient characteristics in our specifications which we treat as exogenous. We control for
the importing firm’s trading network in Russia by including the total number of its Russian trading
partners, N(Epl). We also control for recipient i’s aggregate demand for Russian products by using
the total variety of products, IMP.VARIETY, measured as the total number of different HS10 codes
imported by ¢ during the sample period. We control for the aggregate demand from the recipient
1’s country of origin by using its real GDP.

We use four exporter characteristics. We proxy for the exporter’s financial quality with the
average of total 2010 and 2011 sales and asset turnoverET]. Higher sales and lower asset turnover

imply a higher financial quality, larger firm. In addition, we use aggregate exported product variety,

9Our results are robust to alternative specifications such as value-weighing all codes or using weight instead of
value.

9The results are robust to using either 2010 or 2011 sales data, or both. Using the average sales allows us
to significantly boost the sample size as a number of Russian firms are missing 2011 financials while having 2010
financials readily available.



measured as the total number of different HS10 codes exported by a Russian firm within the sample
period, as another exporting firm characteristic. Finally, we control for the exporter’s foreign trading
network by including the number its foreign trading counterparties.

We add recipient fixed effects to in specification which subsume recipient characteristics.
Finally, in specification we add exporter fixed effects to . Such procedure allows us to quantify
a direct improvement in identification from incorporating an additional fixed effect.

In all equations, the error term €pe,q; has the interpretation of unmeasured factors that lead ex-
porting firms to optimally ship more expensive products to some recipients and less expensive prod-
ucts to other recipients. When recipient(exporter) fixed effects are included, an intuitive interpreta-
tion of eperqr is as a firm-specific supply(demand), or vise versa, shock: for a given recipient(exporter)
supply is randomly less costly (demand is randomly higher) from some exporters(recipients) than
others. In the final specification €,e,q; can be interpreted as a shock to trading costs, including
storage, shipment timing and delivery availability, within and across exporters and recipients.

We decompose the value of a cargo shipment into its intensive margin defined as the exported
unit value per kilogram and exported cargo weightE-] The goal is to test the idea that costs of
exporting a cargo unit depend on its weight rather than value (for example, the costs of exporting
depend on the number of cans rather than quality of their content). In this case, increases in
distance or reductions in recipient purchasing power may lead to a change in the composition of
exports towards higher-value products. Lighter and more valuable per unit of weight products make
exports profitable despite incurring the fixed and variable trade costs of servicing the remote foreign
market. A joint hypothesis is that differences in value-to-weight ratio across products may in turn
be explained by differences in their quality, which we hope to capture using recipient fixed effects.
We therefore estimate gravity equations for the value of exported cargo shipment and each of these
two components. Furthermore, we estimate gravity equation for the extensive-margin adjustment
cargo content which we measure as a variety of goods per cargo shipment.

Table [2| reports our estimates. We use the natural log of export value in US$ as a response
variable in Columns (1) through (3), the natural log of value per kilogram as a response variable
in Columns (4) and (5), the natural log of weight in kilogramﬁ as a response variable in Columns

6 and 7, and the natural log of the variety of products per shipment in Columns 8 and 9. Columns

" Baldwin and Harrigan (2011) use similar decomposition for the US country-level exports. They interpret value-
per-kilo as a proxy for the unit price.

12 As we have already mentioned, Russian customs regulations require reporting all units in kilograms, thus providing
a convenient way to measure the total quantities imported by foreign firms.



1, 4, 6, and 8 employ the specification (I)). Column 2 employs specification (2)), and specification
is used in Columns 3, 5, 7, and 9. Since columns 4 and 6 and 5 and 7 combine to make up cargo
value in columns 1 and 3, by the properties of ordinary least squares, the sums of the coefficients
across the two components equal those for the cargo value.

Columns 1 through 3 demonstrate our main result that distance between trading partners does
not explain variation in cargo shipment values. The elasticity of the export value to distance is
neither statistically nor economically significant across all three specifications . The sign of the
distance elasticity is positive in columns one and three, while it is negative in column two. In order
to interpret this finding we investigate the distance elasticity of cargo value per kilogram and cargo
weight.

The intensive margin - exported unit value per kilogram - is increasing with distance. This
result is in the spirit of the “shipping the good apples out (while keeping the bad ones for internal
consumption)” story originally proposed by Alchian and Allen (1964). Distance elasticity is both
statistically and economically significant in specification (1)) reported in column 4 of Table 2| Tts
magnitude of 0.29 is larger than estimates reported by Martin (2012) for French exporters, Bastos
and Silva (2010) for Portuguese exporters, Gorg et al. (2010) for Hungarian exporters, Harrigan, Ma,
and Shlychkov (2015) for the U.S. exporters, and Manova and Zhang (2012) for Chinese exporters.
Distance elasticity of export unit value found for these countries falls within [0.01, 0.19] interval
and it is always statistically significant. When we include exporter and recipient fixed effects into
gravity regression, the magnitude of distance elasticity of export unit value is reduced to 0.01, which
is on the lowest end of estimates reported by other authors, and it loses its economic and statistical
significance. Therefore, just like in the case of cargo value, distance fails to explain the variation in
unit cargo value within both recipients and exporters and across them.

Cargo weight declines with distance. Distance elasticity of weight is equal to -0.022 in specifi-
cation (1)) reported in column 4 of Table |2 and it is both statistically and economically significant.
Cargo weight declines with distance almost as fast as the intensive margin, value-per-kilo, increases
with distance, thus making distance elasticity of value neither economically nor statistically signif-
icant. Distance elasticity loses its statistical and economic significance in specification (3)) reported
in column 5 of Table [2] where exporter and recipient fixed effects are included. The finding that
the intensive margin - the cargo value per kilogram - is increasing in distance and cargo weight
is decreasing with distance provides support to the idea that costs of exporting depend on weight

rather than value. As distance increases, exporters substitute cheaper per unit of weight cargoes



for lighter but more expensive per unit of weight cargoes. However, our results from specification
indicate that distance is not a good proxy for transportation costs within individual exporters
and/or recipients at the cargo shipment level.

Cargo extensive margin - the number of HS10 good codes per cargo or VARIETY - declines
with distance in specification (1) reported in column 8 of Table This result is consistent with
the findings of Bertrand et. al. (2007) for the US manufacturing firms. It indicates that as trading
costs increase with distance, exporting firms respond by reducing the cargo’s extensive margins,
variety and weight, while increasing its intensive margin, value per kilogram. Once again, distance
elasticity of variety loses its significance when exporter and recipient fixed effects are included into
gravity regression as reported in column (9).

So far our results show that distance fails to explain variation in cargo shipment value in all
specifications and its intensive and extensive margins within recipients and exporters. To understand
these results lets assume there exists a single commodity, thus accounting for product fixed affects,
the same number of shipments, IV B is shipped to distance D. The value of each cargo is drawn
from the following model

log(vij(D)) = log(W;) + log(F' (D, &1)). (4)

Value generating function accounts for two independent sources of heterogeneity across cargoes
shipped to the same distance D: cargo weight Wjﬁ and cargo specific shock g;. Our simple stylized
“model” is consistent with the classic model of the spatial distribution of alternative production
activities by Johann von Thiinen (1826) with competitive exporters shipping at costs. Therefore,
function F' (D, ¢;) captures cargo specific fixed and variable unit transportation costs to distance D.
The heterogeneity of unit transportation costs for the same commodity can be due to the unobserved
by the econometrician quality of the commodity. For example, wine can be either expensive or cheap
and the expensive wine is flown by air (high marginal costs) while cheap wine is transported by train
(low marginal costs) to the same destination. F (D, e;) is monotonically increasing with distance
while holding ¢; fixed thus reflecting the fact the unit value is increasing with distance.

The data generating function embeds three factors of value variation across two points in space:
D, W, and €. In the data there are close to 89,000 unique exporter-recipient pairs thus leading to

a lot of distance-specific variability. However, there exists much more variability in the data due to

13N can be equal, for example, to seven which is the average number of shipments in the data. Our conclusions
are robust to the assumption of N being independent of distance.

YMFor simplicity we assume that W; does not depend on distance. Our conclusions are robust to this assumption.



both weight and ¢ than due to distance. If most of the variability in cargo values between any two
distances in the data comes from log(W;) rather than from e;, then the sensitivity of log(v;;(D))
to distance will be attenuated more than the sensitivity of log(v;;j(D)/W;) to distance will be
attenuated. In other words, the econometrician will measure the value elasticity to distance with
higher error than the one she will measure the unit value elasticity to distance with. In summary,
with many different sources of the variability in cargo value which are independent or only weakly
dependent on the distance, it simply lacks power to explain the cross-section of cargo values. The
distance gains more explanatory power in explaining the variation in unit cargo values since the
variation due to cargo weights, which is the major source of value variation, is removed. Now
lets consider the case of estimating the relation separately for each exporter/recipient, i.e., the
exporter /recipient fixed effects. The average Russian exporter ships seven shipments to each of four
destinations (the average recipient receives shipments from two Russian destinations). Therefore,
there will be a lot of variation in the exported value at the exporter/recipient level due to log(W;)
and ¢; but not due to D thus making the empirical value-distance relation moot.

We now turn our attention to transportation dummies which capture the variation in value and
unit value due to the cargo specific component of trading costs, ;. According to Roberts (1999)
the average unit transportation costs are the highest for parcels and then decline as the freight
method changes in the following order: light truck, truckload, unit-railcar, multi-railcar, unit train,
and barge. Coeflicients on air and auto transportation dummies are negative and remain both
statistically and economically significant even after we control for unobservable heterogeneity in
exported products, exporters, and recipients. Negative sign on both dummies implies that railroads
are used to ship more valuable cargoes than either air or auto transport are used for. This result,
however, can be attributed to differences in cargo capacity and transportation costs between different
transportation method. For instance, heavier and larger cargoes can be shipped by train than by
either a plane or a car. Furthermore, since a train can transport significantly more cargoes than
either a plane or a car, it has lower fixed and variable transportation costs per cargo. In the
presence of fixed transportation costs and with a fixed cargo weight, firms make positive profit on
cargoes with a value-per-kilo above a certain threshold. With a fixed value-per-kilo, higher variable
transportation costs lead to lower cargo weight. Columns 4 through 7 of Table [2] provide support
to these observations. Columns 4 and 5 confirm that more valuable per unit of weight products are
shipped by air and auto transport than by train. Columns 6 and 7 show that railroads are used

to transport much heavier cargoes than planes and cars are used to transport. Overall, a train is

10



capable of transporting so much more weight than either a plane or a car that, overall, we observe
that the average cargo shipped by train is more valuable than the average cargo shipped by either
of other two transportation methods.

Coefficient on the ship transportation dummy is positive and both statistically and economically
significant in columns 1 and 2 of Table However, it loses its significance, both economic and
statistical, in column 3 where exporter fixed effects are added. A possible explanation for this
result is that with only recipient fixed effects the identification is limited to a small number of
recipients located in countries allowing for both land and water transportation from Russiar_g] These
recipients minimize transportation costs by differentiating across goods-location combinations. For
example, an recipient in Helsinki may receive Russian vodka from Saint-Petersburg by sea and coal
from Kuznetsk by train. With the exporter fixed effects, most of the identification comes from the
variation within exporters since there exists a significantly more exporters using both land and water
transportation in our data than recipients receiving shipments by both land and water. Exporters
using both railroads and ships tend to use intermodal ISO containers. Since dimensions of ISO
containers are standardized and the majority (more than 75%) of Russian firms export less than
four different, according to HS10 product classification, goods, we observe very little difference in
value, unit value, and weight of goods shipped by train and ship when we control for exporters’
unobserved heterogeneity.

Transportation methods other than plane, ship, and car, OTHER.TRANS, are used to deliver
cargo shipments similar to those delivered by the air transport. Although these cargoes have higher
intensive margin, they are on average less valuable than cargoes shipped by train since they tend
to be on average significantly lighter than cargoes shipped by train. A typical example would be an
object of art privately delivered by a currier to a foreign client.

Adjusted within R? from the specification (2 reported in columns 3, 5, and 7 of Table [2| show
that transportation dummies explain approximately 2% of variation in value and unit value, and
3% of variation in weight. Overall, these results provide robust evidence that cargo’s transportation
method embeds important information about cargo value, unit value, and Weight.ﬁ For example,

diamonds are light, have high value per kilogram, and are shipped by air regardless of the destination.

5There is a limited number of such countries with ports on Baltic (Sweden, Finland, Norway, Denmark, Germany,
Poland, Latvia, Estonia), Black (Ukraine, Turkey), and Caspian (Azerbaijan, Iran, Turkmenistan) seas.

16 As a robustness check we have included the interaction of transportation dummies with distance in specifications
(1i3). The coefficients on transportation dummies do not change when we include their interactions with distance
and we, therefore, do not report these results. They are, however, available from authors upon request.
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Iron ore is cheap and it is shipped in large volumes by train to nearby destinations and by ship
to farther destinations. Once, however, data is aggregated to the firm level, the direct information
about the transportation method is lost. We will argue that distance is an imperfect proxy for the
transportation methods used by exporter-recipient and recipient-exporter pairs.

Next, we are going to discuss the effect of recipient and exporter trade networks as well as other
characteristics on export cargo value, unit value, weight, and variety. Value elasticities to recipient
characteristics are all statistically and economically significant across specifications (1) and (2). The
elasticity of value to the recipient Russian trade network size, N(Epl), is equal to —0.035, implying
that doubling the size of the recipient’s trade network leads to 3.5% decline in the exported value.
Recipients with larger Russian trade networks tend to import lighter cargoes with less variety per
cargo as as evident from columns 6 and 8 of Table P] respectively. On the other hand, the elasticity
of cargo’s intensive margin to N(Epl) is close to zero as depicted in column 4, thus leading to
a negative relation between the export cargo value and the size of the recipient’s Russian trade
network[1"]

Interestingly enough, recipients with larger Russian trading networks tend to export larger vari-
ety of Russian products, as indicated by 60% correlation between log(N(Epl)) and log( VARIETY.IMP)
from Panel F in Table ?7. Firms can increase the overall extensive margin of their imports by either
increasing variety per shipment or by importing different commodities from different Russian ex-
porters with less variety per cargo, or both. Panel 8 from Table[2]yields a VARIETY elasticity to the
recipient’s network size, N(EpI), of -0.125 which is both statistically and economically significant.
Therefore, recipients with larger Russian trading networks, while importing commodities with on
average similar intensive margin, increase the overall extensive margin of their imports by adding
an additional exporter instead of increasing extensive margin per shipment. This evidence points
towards a tradeofl between transportation and other costs per shipment versus fixed and variable
costs of having larger trade networkp;g]

Recipients preferring higher extensive margin of trade, VARIETY.IMP, import more valuable
and heavier cargoes with elasticities equal to 0.125 and 0.116 respectively (both elasticities are sta-
tistically and economically significant). The elasticity of cargo’s intensive margin to VARIETY.IMP

is close to zero, thus leading to a positive relation between export cargo value and VARIETY.IMP.

'"Table |4 provides extra support to this statement by showing that the value per shipment declines with the size
of the recipient’s trading network in Russia.

18Table |4| provides extra support to this hypothesis. It shows that the Russian exporters ship less shipments to
recipients with large trading network in Russia.
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Overall, recipients use two different channels to capture the same extensive trade margin. Recip-
ients finding it cheaper to make their trade network larger than to pay higher transportation costs
per cargo control the extensive trade margin by increasing the size of their trade network while
reducing the average variety and weight per cargo. Recipients facing the opposite trade-off choose
to have smaller trade networks while importing heavier cargoes with more variety.

Several characteristics of Russian exporters help explain variation in export value, unit value,
weight, and variety. The most intriguing characteristic is the size of exporter’s network, N(IpE), as
it has not been previously used in gravity regressions. Russian exporters with larger trade network
export less valuable cargoes, with the elasticity equal to -0.121, cargoes with lower intensive margin,
with the elasticity equal to -0.026, and lighter cargoes, with the elasticity equal to -0.095. All three
elasticities are statistically and economically significant. In addition, exporters with larger trading
networks tend to ship cargoes with lower extensive trade margin. When combined with the results
for recipient characteristics, this evidence can be rationalized as follows. Russian exporters with
larger trade networks export mostly to recipients with larger trade network in Russia who tend to
import lighter cargoes with less variety, which in turn are less valuable.

The balance-sheet level exporter characteristics, log(SALES) and log(ASSET.TRN), proxy for
exporter’s financial quality with higher value of log(SALES) and lower value of log(ASSET.TRN)
both indicating higher financial quality of the exporter. More financially sound exporters ship
heavier more valuable cargoes with higher intensive margins. Similar evidence for has been found
by Harrigan, Ma, and Shlychkov (2015) for the U.S. and Manova and Zhang (2012) for China.
However, log(SALES) does not explain variation in the cargo extensive margin, while VARIETY
elasticity to log(ASSET.TRN) is positive and statistically significant at 10% implying that exporters
with less asset turnover ship cargoes with less variety. The exporters’ extensive margin of trade,
VARIETY.EXP, fails to explain variation in cargo value, unit value, and weight.

Finally, we find a statistically significant effect of market size measured by log real GDP on cargo
value, weight, and the extensive trade margin: larger markets export more valuable (elasticity of
0.047), heavier (elasticity of 0.051) cargoes with more variety (elasticity of 0.010). This market
size effect conforms with greater demand for higher quality goods from larger markets, previously
discussed by Baldwin and Harrigan (2009), Bastos and Silva (2010), and Manova and Zhang (2012).

We re-estimate specifications using distance measured between Moscow and the capital of
the destination country. Since there exists very little difference between two sets of results we have

chosen to make them available upon request.
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4 Firm- and country-level results

In this section we further aggregate our customs forms to the firm level and then to country level.
The firm level is arguably the most important one as all decisions about shipments are made at this
level. If we treat the distance to destination as fixed, then each exporter decides on the total value
of trade at this destination, the intensive margin of trade - value per shipment, the total weight
shipped, the weight per shipment, and the extensive margin of trade - the number of shipments.
We, therefore, going to use all five of them as response variables in a variant of specifications —
adjusted for the aggregation. Linear projections of log characteristic of the annual trade by a

Russian firm e and a recipient r located in a destination country d are given by

Verid = 014+ a1+ IOg(DISTe%r) + 0Ir +vXe + 11Xy + €erids (5)

Verid = Q15+ a1 +a1e + IOg(DISTE,T) + 017 + €crid- (6)

Specifications and @ share the same set of firm-level characteristics, X, and X,., with spec-
ifications —, with the exception of the destination country’s GDP. Since data at this level is
aggregated over the whole year using time fixed effects is no longer possible. In addition, individ-
ual product fixed effects are also not viable as exporters/recipients ship/receive large number of
products at the firm level. Instead, we will use industry fixed effects, a1;, where by industry we
designate the SH10 code of the most valuable product shipped. We keep the exporter and recipient
fixed effects and add the destination country fixed effects. Finally we include a vector of dummies,
Ir, for the most frequently used freight method between the exporter-recipient pair as well as their
interactions with distance.

Table {] reports our results. Our main result is that the export value increases with distance
when exporter and recipient fixed effects are not in the regression (column 1) and it falls with
distance when exporter and recipient fixed effects are include in the regression (column 2). To
understand these results we note that the intensive trade margin is strongly (elasticity of 0.106)
increasing with distance in the absence of exporter and recipient fixed effects (column 3) and it is
weakly (elasticity of 0.026) increasing with distance in the absence of exporter and recipient fixed
effects (column 4). The number of shipments falls with distance both with (column 9) and without
(column 10) exporter and recipient fixed effects. The number of shipments falls faster with distance
when exporter and recipient fixed effects are included with the elasticity of -0.90. Since the number

of shipments falls faster with distance than the intensive margin increases with distance, the total
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export value falls with distance.

We use a simple numerical example shown in Figure [5] to illustrate the effect of recipient’s fixed
effects on distance elasticity. Consider 11 recipients, 12 exporters, and 1 good with 2 varieties
(cheap at $1 and expensive at $4). Each one of 10 recipients (red dashed circle) import only 1 unit
of the cheap good from 10 nearby exporters (red). The 11th recipient (blue dashed box) imports 5
units of cheap good from a nearby exporter (red) and 1 unit of expensive good from the exporter
located far away (blue). The example is consistent with the empirical observation that the number
of shipments falls with distance both in aggregate and at the firm level. Without the recipient fixed
effects, the distance elasticity is proportional to the difference between the average values shipped
far, $4, and nearby, $1.36, and it is positive since a lot of cheap units get shipped nearby. With
the recipient fixed effects, distance elasticity compares values across distances within recipients. In
this case all identification comes from a single recipient receiving goods both from afar and nearby.
Since the total value of goods shipped from nearby is $5, it is greater than the total value of goods
shipped from afar, $4.

Export weight declines with distance with the effect of distance being more significant when
exporter and recipient fixed effects are both present (column 6). This is because weight-per-shipment
is independent of distance regardless of the specification (columns 5 and 6) while the number of
shipments falls with distance. These findings lay further support to the idea that costs of export

depend on the export weight rather than the export value.

[TO BE CONTINUED.. |

We proceed by further aggregating the data up to the country level. We consider the following
specification

y; = a+ 3 -1og(DIST?) + n - log(GDP;) 4 ¢ - NNHBR,; + ¢;, (7)

where NNHBR; is a dummy equal to one if country ¢ has a border with Russia and it is equal to
zero otherwise. We use logs of the total value of exports, the number of Russian firms exporting to
country %, the number of shipments, and the value per firm per shipment in the left hand side of
. We use two different measures of country-to-country distance in our regressions. The first one
is constructed as the distance averaged across all exporter-recipient from country 4 pairs (columns
1 and 2). The second one is the distance between Moscow and the capital of country i (columns 3

and 4). Only specifications 2 and 4 use N(EpC,) as the explanatory variable.
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Head and Mayer (2014) compile 1,835 estimates of the distance elasticity in gravity type regres-
sions from 161 published papers. The mean distance elasticity is —0.93 (median —0.89 and s.d. 0.4)
among all estimates. The distance elasticity is remarkably stable, hovering around -1 over a century
and a half of data. Column 1 of Table [5] reports that the value elasticity of distance, 26 = —2.34, is
more than 2.5 times smaller in our data than the median value reported by Head and Mayer (2014).
Column 2 indicates that the distance elasticity estimate is equal to —1.73 when capital-to-capital
distance is used. Russia is the largest country on the planet with an area of 17,075, 200km? which is
almost twice the area of Canada, the second largest country. It is, therefore, plausible that distance
as a proxy for trade costs is more important for Russian exporters than for exporters from any other
country.

Our data allows us to evaluate the magnitude of the correction to the distance elasticity due to a
precise distance measure. The change is equal to 24.8% and it is both statistically and economically
significant. It indicates that while firms minimize fixed and variable distance related trade costs
by concentrating majority of their trading with nearest neighbors, there still exists a large number
of shipments crossing the vast Russian territory. This result is most important to countries with
a large geographic area like USA, China, Canada, and India. For these countries, the economic

impact of distance on trade is underestimated.

[TO BE CONTINUED.. .|
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Appendix A

Chaney (2016) Calculations for Weibull Distribution
We perform the same exercise as Chaney (2016). We have for the average distance

[e.e] o

/I‘QfK(JU)dx = K" /$2mem($)d$ ;1> 0.

0 0

We also use the same normalization K, = 1 and

o0

/fol(x)dx =1.

0

Aggregate exports at distance z, ¢(z), are given by
o(x) oc/(KfK(x)))\K’\leKAdK: A/fK(x)KAeK*dK.
1 1

We now introduce the scaled function
gk (z) = K“/QfK(K“/2:E),

and perform the change of variables

We then obtain

20 +1)— _2(A+1) 2\2N/
o(z) x Ax # H/u i e () #g( 2/u (u)du.

0

2)
Lets also say the when x — oo the integral in the above expression is finite. Then

2(04+1)—p
olr)xx #»  aszx — o0.

Therefore as long as
200 +1) > p,

we have a positive relation between the aggregate exports and the distance.
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Appendix B

Creation of the unique IDs for foreign firm recipients using their reported names and postal addresses
from multiple customs declarations is naturally an imperfect exercise. Alternative spellings of the
firms’ names or different conventions of including or not including the firms’ types such as Inc. or
Ltd. create a problem for the correct identification of the unique foreign firms IDs from customs
forms. Fortunately for us this problem is greatly alleviated for the postal addresses since the customs
declarations and the raw data files that we possess keep country names, zip codes, street names,
building numbers in separate variables.

To assign the unique foreign firm IDs by names and addresses we wrote an algorithm that
utilizes the Stata module reclink2, developed by Wasi and Flaaen (2014). This procedure uses
fuzzy matching of string variables allowing the user to place different weights on the importance of
different components of the string variables. Before we start this process, we carefully abbreviate
all common words that frequently appear in the firm names and addresses. After we launch the
algorithm the reclink2 procedure generates a field similarity score from 0 to 1 for each pair of
matched observations. As common in the literature (See Kamal and Monarch (2016)) we consider
customs declarations with the field similarity score that falls into the range [0.98-1] to belong to the
same foreign firm recipient and assign the same ID to such declarations.

In order to ensure the fully correct matching we underwent several passes of manual re-assignments
of the foreign firm IDs that were not correctly picked up by the reclink2 procedure. We performed
multiple sorting of our dataset on names, address of foreign firms and tax IDs of the Russian
firms, visually checked the similarities of firms’ names and addresses and manually performing IDs
re-assignments of if it was necessary.

Several passes of the automated and manual procedures described above make us confident that
we have produced a near perfect identification of the unique IDs for foreign firm recipients in our

dataset.
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Panel A: World

¥

=

swmﬂg‘

Panel B: Europe

Figure 1: Geography of Russian trade
The geography of Russian trade across the world (Panel A) and Europe (Panel B). Individual firms
are shown as circles with the circle’s size indicating the total trade value.
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Panel A: Distribution of exporter shipments Panel B: Distribution of exporter variety
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Figure 2: Exporter trading activity
Distribution of exporter shipments for the whole year (Panel A), the variety of shipped goods
measured as the average number of WTO 10-digit good codes used by the exporter (Panel B), and
the degree distribution for exporter-recipient relations for the whole year (Panel C). We use a log-log
scale
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Panel A: Probability that exporter trades with recipient in size bin 1-10
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Panel B: Number of shipments when exporter trades with recipient in size bin 1-10
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Figure 3: Exporter-recipient trading networks and exporters’ shipment intensity
The figure illustrates the trading networks of each exporter and, respectively, recipient. Panel A
depicts the trading activity in terms of the probability that an exporter trades with an recipient
of given size over the entire sample period. Panel B depicts the corresponding trade intensity for
each exporter measured using total number of shipments. On the horizontal (vertical) axis, we sort
recipients (exporters) from low to high by their trading value over the sample period.
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Panel A: Distance when exporter trades with recipient in size bin 1-10
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Panel B: Distance when exporter trades with recipient in shipment number bin 1-10
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Figure 4: Exporter-recipient trading relations and average distance
The figure illustrates the average shipping distance specific to the exporter, recipient, and exporter-
recipient relations. In Panel A we sort recipients (exporters) into ten bins from low to high by their
trading value over the sample period. In Panel B we sort recipients (exporters) into ten bins from
low to high by their number of shipments received (sent) over the sample period. Then for each
exporter’s size/shipment bin we calculate the average shipping distance between this bin and all
recipient’s bins.
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Figure 5: Effect of recipient fixed effects on distance elasticity

This example illustrates the effect of recipient fixed effects on distance elasticity. Consider 11
recipients, 12 exporters, and 1 good with 2 varieties (cheap at $1 and expensive at $4). Each of 10
recipients (red dashed circle) import only 1 unit of the cheap good from 10 nearby exporters (red).
The 11th recipient (blue dashed box) imports 5 units of cheap good from a nearby exporter (red)
and 1 unit of expensive good from the exporter located far away (blue). Without recipient FEs, the
distance elasticity is proportional to the difference between the average values shipped far, $4, and
nearby, $1.36, and it is positive since a lot of cheap units get shipped nearby. With recipient FEs,
distance elasticity compares values across distances within recipients. In this case all identification
comes from a single recipient receiving good both from afar and nearby. Since the total value of
goods shipped from nearby is $5 it is greater than the total value of goods shipped from afar, $4.
The example is consistent with the empirical observation that the number of shipments falls with
distance both in aggregate and at the firm level. .
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Panel A: Exporter to recipient
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Panel B: Customs office to recipient
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Figure 6: The geography of trade
Average squared distance from an exporter’s contacts, among exporters with m contacts. Two
different distances are used: Exporter to the recipient (Panel A) and from the customs office to the
recipient (Panel B). This is Figure 2 in Chaney (2014).
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Figure 7: Country-to-country gravity conditional on the number of exporters

This figure illustrates the relation between the value of exports and the average squared distance
between Russia and the country of destination. All observations are sorted into the five bins using
the number of exporters from Russia to country 7. Red color indicates the largest number and
black color indicates the smallest number. Distance is measured as the average across all distances
between recipients in country ¢ and all Russian firms trading with them. The solid line represents
fitted values from the OLS regression of the log value of Russian imports for each country importing
from Russia on the log average distance between the importing country and Russia.
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Panel A: Valuer per shipment
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Panel B: Number of shipments
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Figure 8: Value per cargo shipment a function of distance: Country-to-country

This figure illustrates the relation between the value per cargo shipment (Panel A), the number of
cargo shipments (Panel B) and the average squared distance between Russia and the country of
destination. Distance is measured as the average across all distances between recipients in country
1 and all Russian firms trading with them. The total number of shipments is calculated by adding
up the daily shipments from all Russian exporters to all recipients in country j. A daily shipment
from the exporter i to recipient j is defined as the total number of custom forms filed on that day
by the exporter i as going to the recipient j. The solid line represents fitted values from the OLS
regression of the log value per cargo shipment (number of shipments) of Russian imports for each
country importing from Russia on the log of the average distance between the importing country
and Russia.
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Panel A: CDF versus K
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Figure 9: Russian exporting firms’ size distribution
All Russian firms that export more than 100,000 USD in 2011 are ordered in increasing value of
exports, and placed into 50 bins of equal log-size. Panel A shows fraction of firms larger than firms
in bin b, as a function of the average size of exports among firms in bin b. Panel B is a visual guide
for the distribution 1 — F(K)  exp(—K®), which is a Weibull distribution, with a ~ 0.0511. The
size distribution of Russian firms is close to the exponential rather than Pareto.
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Panel A: Quintiles
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Panel B: Deciles
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Figure 10: Exporter-recipient pairwise distance density
The figure illustrates that firms exporting over longer distances do not self-select and do not ship exclusively over
these longer distances. All exporter-recipient pairs are sorted at the firm-to-firm level into either quintiles (Panel A)
or deciles (Panel B) by distance. A special identifier is then created for all exporters in either top or bottom deciles
(quintiles). For example if an exporting firm has a decile 10 identifier then at least one of its shipping destinations
is very far (belongs to decile 10 by distance). Next, we plot densities for all firms and separately for firms in both
top and bottom deciles (quintiles). The plot indicates that firms in the 10th decile (5th quintile) have vast majority
of their recipients at a medium distance away and that their density function is close to the density function of the
full sample. Firms belonging to the first decile (quintile) predominantly ship over sort distances thus indicating a

self-selection among them.
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Panel A: Shipment Value

Exporter-recipient pairs aggregated to centiles of sqr. distance
Firm-firm cargo level

Panel B: Number of Shipments

Exporter-recipient pairs aggregated to centiles of sqr. distance

Firm-firm cargo level

8 - 100 8 B 100
= .os -%54- %8 99 =4 oo 05588
°92 - ®91 090 gg9 BT T
T et BB
o | o est * (= 050 ® 8382
o © 2 © (7
E] E s s
5 5 o7t ¥
S ol ocs o o '@'W‘-Sﬁ
g © g © 5 8
§ & e3>
7] 7] ot
2 2 867
a 2 a 24 -4‘5?33::“'“ o4
<3 <3 K
] a - WL,
=3 =3 *28 * 2% 027
g <l g <l b P
N 39 ' .19
‘ ”5.“14 842 e13
L .
o - o4 02 o1
T T T T T T T T T T
9.5 10 10.5 11 11.5 1.2 14 1.6 1.8 2
Log avergae value per a cargo Log Number of cargo shipments
Panel C: Unit Value Panel D: Variety
Exporter-recipient pairs aggregated to centiles of sqr. distance Exporter-recipient pairs aggregated to centiles of sqr. distance
Firm-firm total quantities Firm-firm total quantities
o o
S A *100 N e .o " S A oo o0 5 99 ]
- 094 ® .o 2 %
0 g o0 & 2 o 4p ﬁ;; )
o | 0sd S 3 o | o '1 8gg3
2 ® o 7P RS o 2 ® iR o6 o5
€ *7 ':Bg 72 71 = o7 w0 @70 *Ter o7
o o o1 *0 g, 062 oo o o %200 e6t e 62 oo
o © 7 Vs, *59 8 S *60 50889
2 ™ 2 2% o5
o} 51" 5852 g *es 0 o
3 °51 o ® 4o 5
z ol 2 Siess T
. 9 o0 423 = 41 ®42
= - ¥ ®36 37 & - ®36 37
5’, 3 0% {,{ 033® %34
=3 . ] =3 om0 ez o
g %26 B g 2% 25 23 24
4 o | 020 021 4 o] K 021
« o9 18, wito « 01s® % :_‘196
.5 9 ”5-11-10 o en .9 ° en e ”74 %8 "
o ez o5 *° o4 o * SR b
T T T T T T T T
1 2 3 4 9 1 1.1 1.2

Log Value per kg

Log number of HS10 codes

Figure 11: Shipment-Level Trade Characteristics as a Function of Distance
Value per shipment (Panel A), number of shipments (Panel B), unit value measured as value per
kilogram (Panel C), and variety as functions of distance for recipient-exporter pairs. All exporter-
recipient pairs are sorted at the firm-to-firm level into distance centiles.
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Figure 12: Conditional on distance distribution of value per shipment
All shipments are sorted into quintiles based on distance with 118,147 shipments per quintile. We
then plot the distribution of log value per shipment for each quintile. Table below reports summary
statistics.

Decile Distance (km) Value (1,000 US$)
Min Mean Max Median Mean Max
1 1.23 523.78 876.99 22.98 272.07 1.6-€°
2 876.99 1197.83 1551.51 30.28 191.53 1.7-€°
3 1551.57 1850.95 2154.53 34.86 525.08 7.1-€°
4 2154.58 2583.30 3150.33 35.42 779.72 6.6-¢
5 3150.35 5865.75 18747.17 55.32 1.3.€® 6.9-€°
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Panel A: Value Per Shipment
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Panel B: Number of Shipments
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Figure 13: Exporter-recipient pairwise distance density

The figure plots the value per shipment (Panel A) and the number of shipments (Panel B) as a function of distance.
All shipments are split into 19 distance bins. The bins are selected as follows. First four bins are for shipments
shipped up to 250kms, 500kms, 750kms, and 1000kms. Next six bins are for shipments shipped up to 1,500kms,
2,000kms, 2,500kms, 3,000kms, 3,500kms, and 4,000kms. Next six bins are for shipments shipped up to 5,000kms,
6,000kms, 7,000kms, 8,000kms, 9,000kms, and 10,000kms.
12,000kms, 15,000kms, and anywhere further than 15,000kms. The value per shipments is calculated by averaging

shipment values per bin.
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The last three bins are for shipments shipped up to
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