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Abstract

Using a novel and comprehensive data set for Russian exporters, this paper shows that individual shipments
and their transportation method are the key for understanding trade flows. This neoclassical view focuses
on information and penetration costs as the underlying source explaining shipment costs and therefore trade
patterns–and is distinct from more recent views that focus on aggregate firm-level trade flows. Russian firms
ship more valuable goods to farther distances but the rate of such shipments declines with distance even
faster – a feature consistent with Chaney’s (2016) sufficient conditions for gravity to hold at the country
level. We show that transportation modes, which reflect trade costs, capture distance’s role in explaining
trade flows and shipments. We further show that empirically trade flows at the firm level do not satisfy
Chaney’s (2016) condition. Consistent with our empirical evidence, we theoretically contribute to show how
to account for the fact Chaney’s (2016) conditions are satisfied at the shipment level, but are not at the firm
level, yet gravity holds at the country level. Together our evidence highlights that shipments are the key
disaggregate economic variable of interest for understanding trade flows.



1 Introduction

The gravity equation is one of very few empirical relations in economics that has withstood the test

of time and a variety of different methodologies. In its classical form, introduced half a century ago

by Tinbergen (1962), gravity states that bilateral trade flows between any two countries increase

in both countries’ GDPs and decrease in the distance between them – i.e., a distance elasticity of

minus one.1 Despite its central role in the empirical implementation of the gravity equation, distance

still lacks economic underpinning. While it is understood to proxy for trade frictions, the frictions

themselves and their economic link to distance are yet to be established. An empirical analysis

in this regard would require individual cargo-level data complemented by the precise geographic

locations of the individual shipments’ origin and destination. This would allow the information

absorbed by distance to be traced out as cargo shipment data is aggregated first to firm and then

further to country levels.

Empirical studies examining the role played by firms in international trade has substantially

broadened and deepened in recent years; however, the vast majority of analyses has been based on

“one-sided" data – i.e., data that identifies either the exporter or importer but not both. Recently,

studies utilizing “two-sided” trade transaction data have begun to emerge.2 However, these two-sided

studies generally suffer from incomplete and imprecise information.3

In this paper, we study how the classic country-level gravity relationship emerges by employing

a highly detailed and precise Russian customs level data that allows empirical analysis of trade flows

and distance at different levels of data aggregation. The Russian customs data contains virtually all

daily declaration forms during 2011, and allows us to identify the unique cargo shipments between

1The distance elasticity of minus one has been recently reaffirmed by Head and Mayer (2014) who survey 161
published papers with a total of 1,835 independent estimates of the distance elasticity over a century and a half of
data.

2Bernard et. al. (2012) provides a comprehensive overview and expanded reference list of studies with one sided
data. Two-sided trade data has been analyzed for Argentina and Chile (Blum et al. (2010)), Chile and Colombia
(Blum et al. (2013)), Colombia (Benguria (2014)), Costa Rica, Ecuador, and Uruguay (Carballo et al. (2013)),
Norway (Bernard et al. (2014)), and the United States (Pierce and Schott (2012); Dragusanu (2014); Eaton et al.
(2014); Kamal and Sundaram (2013); Monarch (2014); Kamal and Monarch (2015); Heise (2016); Monarch and
Schmidt-Eisenlohr (2016)).

3For example, U.S. importing firms with shipments above $2, 000 are required to complete U.S. Customs and
Border Protection Form 7501 which entails forming the Manufacturer ID (MID) for the foreign counterparty of the
transaction rather than providing full information about its name and address. These MIDs are constructed by the
importers from the name and address on the commercial invoices by applying an algorithm outlined in the Customs
Directive No. 3550-055. Therefore, one needs to decode MIDs to access the identity and geographic location of the
foreign firm which is prone to both Type I, incorrect decoding, and Type II, incorrect construction in the first place,
errors. Kamal and Monarch (2015)) provide an excellent discussion on this subject.
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domestic exporting firms and foreign recipient firms. Importantly, the customs forms data contains

the precise identification of firms at both sides of the transaction which enables us to calculate the

exact door-to-door distance between them as well as build the networks of exporting and importing

firms. Furthermore, the high dimensionality of our cargo level data (based on one or more customs

forms on the same day from the same exporter to the same recipient) allows us to employ time,

product and firm level fixed effects for exporters and recipients, thus enabling us to identify the role

of distance and trade-flows through variation within exporters and recipients.

Our main set of results on gravity concerns the cargo shipment level of trade between firms.

We find that the exact distance between firms has no explanatory power for variation of cargo

shipment values if one controls for the modes of cargo transportation or includes the recipient firm

fixed effects. In fact we find that the unit cargo value increases with distance across recipients for

a given exporter or alternatively for a given importer across their Russian exporters. Moreover,

we find a negative relationship between distance and the variety of products in a cargo shipment.

Our findings uncover the previously unexplored intricate dimension of international trade between

firms at the cargo shipment level. These findings are consistent with fixed and variable costs that

dominate the economics of trade at its basic micro cargo level.

Next, we aggregate the cargo shipments data to the firm level and obtain trade values for

matched exporter-recipient firm pairs over the whole year. We find that at the firm level the effect

of distance on the value of exports is ambiguous. For a given exporter, the export value increases

with distance across recipients, albeit insignificantly. On the other hand, and in line with traditional

gravity prediction, we find that conditional on an importer the dollar value of trade is decreasing

with exporters’ distance. In addition, we find strong evidence that both weight of goods exported

and goods’ variety decrease with the distance between firms.

The question that naturally arise is why doesn’t distance appear to play a major role at the cargo

level, yet it does at the firm level? Our analysis shed light on this and supports the view that most

of the exporter’s decision making is done at the individual cargo level. Exporters respond to their

recipient’s demand consisting of both the quality of the commodity and the timing (expediency)

of its delivery. The timing part of the recipient’s demand is captured to a large degree by the

transport method, while the majority of the unobserved quality component of the recipient’s demand

is captured by the recipient fixed effects.4 Export costs are best explained by the transportation

4For example, the recipient may want to buy both cheap and expensive wine and needs the expensive wine to be
delivered overnight. The recipient plans to bottle the cheap wine on-site and therefore schedules it to be shipped in
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method, the number of shipments, and exporter fixed effects. Consequently, conditional on the

recipient demand, the exporter chooses the number of cargoes to ship to each recipient, and for

each cargo its content. Thus, distance has very low explanatory power at the cargo level since both

exporter and recipient fixed effects together with the individual cargo’s transport method subsume

most of the information about the export economic costs contained in distance.

Once cargo data is aggregated up to firm level data, cargo’s individual transport method is no

longer available and some important information about transport costs and recipients demand is

lost. Some of this lost information is recovered by using distance and the most frequently employed

transport method. As a result, distance becomes statistically significant at the firm level as it

proxies for some of the information about the transport costs contained in the transport method.

Finally, when we aggregate firms’ data to the country level we find significant support for the

classical gravity regression of a negative relation between distance and value of trade. Furthermore,

the gravity coefficient significantly increases when one uses the average exact door-to-door distance

between firms within a country instead of the surrogate capital-to-capital distance commonly used

in the literature. Since our data allows us to calculate the number of cargo shipments sent to each

country and a number of firms involved in trade with each country we are able to decompose the

value of exports to each of the countries along the intensive and extensive margins. Here we find

that average value per shipment per firm sent to a country increases with distance to that country,

while number of cargo shipments sent to a country and number of Russian exporting firms trading

with a country declines with distance.

Next, we investigate the reason the data aggregates at the country level to the classical gravity

equation. First, we show empirically that Russia’s firm size distribution is Generalized Exponential

– one that violates Chaney’s (2016) first sufficiency conditions for gravity which requires firm sizes

to be Pareto distributed. We then show theoretically how to account for the fact Chaney’s (2016)

conditions are satisfied at the shipment level, but are not at the firm level, yet gravity holds at the

country level.

We show that our evidence that Russian firms ship more valuable goods to farther distances

but at a shipment rate that declines with distance even faster is a feature consistent with Chaney’s

(2016) sufficient conditions for gravity to hold at the country level. That is, we show that in order

to yield the correct aggregation at the country level, the cargo’s intensive margin should increase

slower with distance than the decline in the average number of shipments. We further show that

cisterns by either ship or train depending on the destination, while the expensive wine is shipped by plane.
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given that Chaney’s conditions hold at the cargo level, they can not, by construction, be satisfied

at the firm level (as a weighted average of Pareto is not Pareto distributed)–rationalizing our firm

level evidence. Therefore, as long as the conditions are satisfied at the cargo level, the firm level

aggregation may yield either positive, negative or no relationship between distance and value traded

at the firm level, making that evidence much less informative regarding the country-level gravity.

Finally we use our approach to demonstrate quantitatively that the country-level distance elasticity

of value arises directly from the cargo-level data without performing aggregation.

2 Data description

We use recently released proprietary data on Russian exports. Relative to prior work the data

provides several unique features. First, it is given at custom form level and thus provide the most

micro-shipment level information as several custom forms may aggregate to represent an ’economic’

shipment unit. As discussed earlier, this allows us to use a "bottom-up" approach and analyze

’gravity’ at different levels of economic aggregation ranging from cargo, to firm, to country levels.

Second, the data identifies the recipient and hence facilitate precise measures of distance.

Our dataset is collected by the customs authority and contains 1,613,878 customs declarations

submitted by exporting firms during 2011. Specifically, each customs declaration reports information

on the date when the declared product left the country, 10-digit HS code product classification, 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.

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

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

exchange rate adjusted to the F.O.B. delivery conditions at the last port of departure of the Eurasian

Customs Union(EACU).5,6,7 This adjustment results in bringing all Russian exports to a common

5US 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.

6All 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.

7In 2011 EACU included Russia, Belarus and Kazakhstan. 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 transport 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 transport costs from the EACU
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denominator and as a result we have the exports data in producer prices at the border of the EACU.

Identification of the foreign recipient firms has been a serious challenge in empirical work pre-

venting researchers from studying the international trade at the firm-to-firm level.8 We exploit a key

advantage of our customs data and uniquely identify the foreign recipient firms by their reported

names and addresses. 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. It is worth noting

that recipient firms with the same name but different addresses receive different IDs.9 Overall, our

dataset results in 47,483 unique firm-recipients and 19,307 unique Russian exporting firms. These

data spans large public firms as well as individual entrepreneurs.

Our goal is to understand at what level of data aggregation distance becomes important in

explaining the variation in the cross-section of export values. To that extent we use three levels

of data aggregation. This allows us to trace out the specific information absorbed by distance as

data is aggregated. Daily cargo shipments comprise the most disaggregated data. Next, we collapse

daily cargo shipments data within each exporter-recipient pair to construct firm-to-firm pairwise

annual aggregates. Finally, we aggregate the firm-to-firm data to the country level. Table 1 provides

summary statistics of our data for all three levels of data aggregation.

We obtain daily cargo shipments by aggregating all the reported customs forms filed on the same

day by the same Russian exporter to the same recipient through the same customs office and using

the same freight method. The exporter decides on the content of the cargo shipment it sends on

a given day to a foreign recipient, and then files as many customs forms per shipment as required

by the Federal Customs Service of Russia (FCSoR, www.russian-customs.org).10 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 for all products

included in the shipment. Finally, we define the exported cargo extensive margin, VARIETY, as

the number of unique HS10 codes across all customs forms in the cargo shipment.

border the city of delivery are subtracted from the exports value.
8Recently 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)).

9For example, Halliburton, Texas has a different ID from Halliburton, Australia. Appendix C provides further
description of the algorithm that we used for assigning the unique IDs to foreign firms recipients.

10According to the regulations imposed by the FCSoR the exporter files separate customs form for each product
categorized by the HS10 classification.
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Customs forms aggregate to 595,251 unique cargo shipments. The mean (median) VALUE is

$613 with the standard deviation equal to $8,882. The mean (median) value of EXP.WGHT is 1,148

kg with the standard deviation equal to 22,650 kg. Both standard deviations are due to several

extremely heavy and valuable cargoes (e.g., a ship weighing 9,400 tons and valued at $1.6 million).

Each cargo contains on average 2.79 different goods as indicated by the VARIETY, with the standard

deviation equal to 10 goods. Once again, the standard deviation is high due to a number of cargoes

containing up to several hundreds of good varieties with the maximum VARIETY equal to 1,422.

Each cargo shipment is delivered by a unique freight method. We designate a dummy variable

for each individual freight method: AIR.T for air freight, RAIL.T for railroad freight, SHIP.T for

freight by water, AUTO.T for automobile freight, and OTHER.T for all other freight methods.11

Automobile (39.9%) and railroad (35.9%) freight methods are used most often. It is not surprising

since Russia’s trade is mostly concentrated in Europe and Asia both of which can be easily reached

by well-developed railroad and highway networks. 17.8% of exports are delivered by water, 5.7% by

air, and less than 1% using other freight methods.12

Next we collapse daily cargo shipments data within each exporter-recipient pair to construct the

firm-to-firm pairwise annual aggregates. Altogether we have 87,085 exporter-importer relationships.

Figure 1 shows the geography of Russian exports over the World (Panel A) and Europe (Panel B).

Each circle represents and individual exporting/importing firm with the size of the circle indicating

the total export/import value. The majority of trade partners of Russian exporting firms is located

in Europe, both East and West, and Asia. While Russian exporting firms trade a lot with their

traditional partners located in the former USSR and Warsaw block member countries, they also

have established numerous relations with Western European, Asian, North and South American,

African, Australian and Asian firms. Holland, Germany, Ukraine, and China have the highest value

of exports from Russia, with the US being not far behind.

Table 1 provides key descriptive statistics of the firm-to-firm pairwise annual trade. Russian

exporters ship on average 6.7 (16.7) cargoes per recipient with an average cargo value, VALUE,

equal to $4,192 ($121,611) and an average cargo weight, EXP.WGHT, equal to 7.86 tons (209.6

tons), where standard deviations are reported in parentheses. High standard deviations indicate

that a sizable fraction of exporters ships a large number of relatively inexpensive and lightweight

11These include but not limited to regular mail, personal delivery, pipe, etc.
12Russia has a direct access to the Arctic and Pacific Oceans as well as the Baltic Sea, the Black Sea, the Caspian

Sea, and the Sea of Azov. The last four Seas allow indirect access to the Atlantic Ocean.

7



Panel A: World

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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cargoes.

Table 1 shows that Russian exporters have large trading networks abroad, with mean number

of importers per each exporter, N(IpE), being equal to 4.5 – a number larger than foreign importers

have with Russian firms with mean number of exporters per importer, N(EpI), being equal to 1.85.13

On average, exporters ship larger variety of goods (EXP.VARIETY), 6.6, than the variety of goods

(IMP.VARIETY) recipients receive from Russian exporters which is equal to 4.5.

Figure 2 sheds further light on the trading activity of Russian exporting firms. Panel A of

Figure 2 uses log-log scale to show the degree distribution of the number of cargo shipments. 31%

of exporters ship a single cargo per year with some exporters shipping up to 500 cargoes. Panel B

of Figure 2 uses log-log scale to show the degree distribution of the variety of exported goods. 41%

of exporters specialize in a single product with some exporters shipping up to 900 different goods.

Panel C of Figure 2 uses log-log scale to show the degree distribution of the exporter-importer

networks. Half of Russian exporters trade with a single foreign partner while small fraction of

exporters trades with up to 300 foreign firms. All three distributions exhibit Pareto profile. Finally,

Panel D of Figure 2 demonstrates that the average distance between trading partners is increasing

with the number of trading partners. This is consistent with Chaney (2014) findings for French

exporters.

The average exact distance (measured on a sphere) between firms is equal to 2,626km. It is

greater than distance between Moscow and Berlin (1,608km), Moscow and Amsterdam (2,145km),

close to the distance between Moscow and Paris (2,487km), and almost half the distance between

Moscow and Beijing (5,793km). Some exporters have trading partners as far as 18,000km away. As

we show below, this exact distance measure is informative relative to the commonly used capital-

to-capital distance measure used in typical trade-distance studies.

The reported tax IDs of Russian exporting firms allows 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. However,

using Ruslana database significantly reduces the sample size of Russian exporters as a large number

of them is missing 2011 sales data while having 2010 sales readily available. We, therefore, use

either the available sales data, e.g., if only 2010(2011) sales data is available we use only 2010(2011)

data, or the average between 2010 and 2011 sales which still reduces the sample from 19,307 to

13For comparison, values of these two variables reported by Bernard et al.(2017) for Norway are 9 and 2 respectively.
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Panel A: Distribution of exporter shipments Panel B: Distribution of exporter variety
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Panel C: Exporter-recipient degree distribution Panel D: Average squared distance
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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),
the degree distribution for exporter-recipient relations for the whole year (Panel C), and average
squared distance from an exporter’s contacts, among exporters with m contacts (Panel D). The last
figure is Figure 2 in Chaney (2014). We use a log-log scale in Panels A–C.

12,479 exporting firms.14 Total sale proxies for firm’s size. The average exporter has annual sales,

SALES, equal to 2.5 billion Russian rubles or about US$75 million (using 2011 exchange rate). In

addition, we define asset turnover ratio, ASSET.TRN, as the ratio of SALES to the average of total

assets held by a company at the beginning of the year and and at the year’s end. It measures

the efficiency of a company’s use of its assets in generating sales revenue or sales income with a

higher ratio implying more efficient deployment of company’s assets. The average value of asset

turnover for Russian exporters is quite high at 4.6 which is due to several outliers with very high

asset turnover ratio. Firms in the 50th percentile have asset turnover ratio equal to 1.6.

14The results are robust to using either 2010 or 2011 sales.
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We further collapse annual exporter-recipient pairwise data to construct annual country-level

aggregates. The country-level data on GDP is obtained from the World Bank’s WDI, the bilat-

eral capital-to-capital distances between countries are obtained from CEPII.15 Russian trade data

contains 181 ISO country codes out of total of 249 Country Codes in the ISO Standard List. On

average, 287 Russian exporting firms ship to a given country. Table 1 shows that Russian exporters

ship on average 3,275 cargo shipments per year per country with an average value equal to $2 bil-

lion and average weight equal to 3.8 million tons. We report statistics for two alternative measures

of country-to-country distances. The first one, DIST(FtF), is constructed by averaging exact dis-

tances between all Russian exporters and their trading partners from each country. The second one,

DIST(CtC), is the distance between Moscow and the capital of each country. One interesting fact

is that the average “exact” distance is almost 1,300km shorter than its capita-to-capital counter-

part. Finally, we follow McCallum (1995) and Anderson and VanWincoop (2003), and introduce the

“nearest-neighbor” dummy, NNHBR, which equals one for countries with a land border with Russia

and equals to zero otherwise. The average value of NNHBR is equal to 0.077 which translates to 14

neighboring countries.16

3 Empirical analysis

This section reports our empirical findings. We start with daily cargo shipments as the most

disaggregated data since at other aggregation levels information can be lost. A crucial characteristic

of the cargo level data is the information about each cargo’s unique freight method. There exists a

sizable variation in freight costs allowing us to link the exported value to shipping transaction and

time-opportunity costs both unique to each freight method. Since distance is usually assumed to

be associated with trade costs, the unique freight method provides an alternative and more direct

economic measure of such trade costs. We then proceed with the analysis of the firm-level and,

subsequently, country-level data.

15http://www.cepii.fr/anglaisgraph/bdd/distances.htm
16These include Norway, Finland, Estonia, Latvia, Lithuania, Poland, Belarus, Ukraine, Georgia, Azerbaijan,

Kazakhstan, Mongolia, North Korea and China, for a total of 14 land neighbors.
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3.1 Cargo shipments

Model Specification and Hypothesis Development

Table 1 demonstrates that there exists a lot of variation in value, weight, and content variety of

daily cargo shipments. Is variation in distance capable explaining these variations? To answer this

question let’s consider a competitive exporter shipping at cost a single commodity using N cargoes

to a recipient located a distance D away.17,18 Let’s assume that the log-value of cargo i can be

written as

log(vi(D)) = log(F (D, εi)) + log(Wi(D)). (1)

Relation (1) accounts for two independent sources of heterogeneity across cargoes shipped to the

same distance D: cargo’s extensive margin measured by its weight Wi(D) and cargo’s intensive

margin measured by its value-to-weight ratio.19 We explicitly assume that the intensive margin,

F (D, εi), depends on distance D and cargo specific shock εi while cargo weight depends only on

distance. Relation (1) is consistent, for instance, with a classic model of the spatial distribution of

alternative production activities by Johann von Thünen (1826) with competitive exporters shipping

at costs.

Value decomposition (1) is firstly motivated by the idea that costs of exporting a cargo unit may

depend on its weight rather than the unit value (for example, the costs of exporting a canned product

depend on the number of cans rather than quality of their content). It is secondly motivated by the

“shipping the good apples out (while keeping the bad ones for internal consumption)” story originally

proposed by Alchian and Allen (1964). This story alludes to the possibility that differences in value-

to-weight ratios within the same product category may be explained by differences in product’s

unobserved quality proxied by εi. In this case, increases in shipping distance or reductions in the

recipient’s purchasing power may lead to a change in the composition of exports towards higher-

value products – more valuable per unit of weight products make exports profitable despite incurring

the fixed and variable trade costs of servicing the remote foreign market. For example, wine can be

either expensive or cheap and the expensive wine is flown by air (high transportation costs) while

cheap wine is transported by train (low transportation costs) to the same destination. Therefore,

17This corresponds to controlling for product fixed effects in the data.
18N can be equal, for example, to seven which is the average number of shipments in the data. Final conclusions

are robust to the assumption of N being independent of distance.
19Baldwin and Harrigan (2011) use similar decomposition for the US country-level exports. They interpret value-

per-kilo as a proxy for the unit price.
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an additional interpretation of F (D, εi) is that it captures cargo unit specific fixed and variable

transport costs to distance D. Furthermore, this interpretation of F (D, εi) leads us to conclude

that the cargo’s intensive margin, F (D, εi), is a non-decreasing function of distance while holding

εi fixed.

When distance D is fixed, the variation in cargo values for a given exporter-importer pair is

characterized by W and ε according to the relation (1). Therefore, as long as N is large enough

(the average value of N is equal to 6.68 in the data) distance should have very weak explanatory

power at the level of individual exporter-importer pairs.20 By changing D in (1) we, however, can

capture the variation in cargo values across different exporter-importer pairs. In our data, we have

87,085 unique exporter-recipient pairs thus leading to a lot of distance-specific variability in cargo

values. A significant fraction of this variation can be explained by using either exporter fixed effects

or recipient fixed effects or both. With the exporter (recipient) fixed effects the problem reduces

to explaining the variation in cargo values within exporter (recipient) across recipients (exporters).

Table 1 shows that a Russian exporter ships on average to 4.55 recipients (unique distances) while

a foreign recipient trades on average with 1.85 Russian exporters. Thus, there just does not exist

enough variation in distance at the level of individual recipients to explain the variation in cargo

values. Hypothesis 1 summarizes this discussion.

HYPOTHESIS 1: Distance should have the explanatory power at the individual exporter level, i.e.,

when exporter fixed effects are used. Distance should have very weak explanatory power in explaining

the variation in cargo value at the level of individual recipients, i.e., when recipient fixed effects are

used.

Relation (1) further suggests that distance should do a relatively better job in explaining vari-

ation in the cargo’s intensive margin measured by the value-to-weight ratio, log(vi(D)/Wi(D)) =

log(F (D, εi)), than it does explaining variation in cargo values. This is because cargo weight which

adds an extra dimension to heterogeneity of cargo values is removed from the cargo’s intensive mar-

gin. However, while F (D, εi) is a non-decreasing function of distance, the empirical sensitivity of the

cargo intensive margin to distance would remain attenuated by variation in product’s unobserved

quality proxied for by εi when both the exporter and recipient fixed effects are used.

HYPOTHESIS 2: Cargo’s intensive margin, value-to-weight ratio, should be increasing with dis-

tance in the data at the level of either individual exporters or individual recipients. However, the

20While in the data the individual exporter-importer pairs can be captured using a product of exporter-recipient
fixed effects we, unfortunately, do not have enough data to implement it.
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relationship may not be statistically significant when both the exporter and recipient fixed effects are

used.

While we have assumed in (1) that cargo’s weight directly depend on distance, the direction of

this relation is a purely empirical question. For instance, it may be argued that variable transport

costs, i.e., fuel, storage, labor, and others, increase faster with distance for heavier cargoes thus

making cargo weight a decreasing function of distance. An alternative argument would be that

there exist economies of scale for fixed transport costs, such as packaging and handling costs, in the

case of the long-distance freight methods. For instance, fixed transport costs of shipping a standard

container are the same whether the container is fully or half filled.21 Thus exporters shipping

to longer distances would ship fewer cargoes but these cargoes would be on average heavier than

cargoes shipped nearby. Hypothesis 3 summarizes this discussion.

HYPOTHESIS 3: The relation between cargo’s weight and distance is moot in the absence of the

freight method.

Furthermore, since the intensive margin of cargo’s value is increasing with distance, the exten-

sive margin of cargo’s value, weight, has to decline with distance faster than the intensive margin

increases with it. We still adopt the null hypothesis that the value of exports declines with distance

at the cargo level and let the data sort out whether cargo weight declines with distance fast enough.

The fact that both fixed and variable transportation costs are freight method specific imply that

even with the exporter and recipient fixed effect a lot of remaining variation in cargo value as well

as its intensive and extensive margins should be explained by the transportation dummies. Using

transportation dummies requires us to select a reference freight method. In our empirical analysis

we use the railroad freight as the reference transport method, as both western and eastern parts

of Russia have well-developed railroad networks.22 According to Roberts (1999) the average unit

transport costs are the highest for parcels, typically shipped by air and ground courier services,

and then decline as the freight method changes in the following order: light truck, truckload, unit-

railcar, multi-railcar, unit train, and ship. The ranking between the rail and maritime freight

methods does however depend on distance with former being cheaper for short to medium distances

and later being cheaper for longer distances. The freight method ranking is reversed in the case

21According to theWorld Bank’s Doing Business database (http://www.doingbusiness.org/data/exploretopics/trading-
across-borders) the cost of exporting a standard container can be decomposed into border compliance and docu-
mentary compliance which include obtaining, preparing and submitting documents during port or border handling,
customs clearance and inspection procedures. In 2011 the fixed cost of exporting the standard container from the
Russian Federation was $2460.

22Our empirical results are robust to any alternative choice of the reference freight method.
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of the loading capacity, i.e., barge on average transports the heaviest load while plane or courier

vehicle transport the lightest load. Hypothesis 4 summarizes this part of the discussion.

HYPOTHESIS 4: Lighter cargoes with higher intensive margin are shipped by either air or auto

freight, while heavier cargoes with lower intensive margin are shipped by either rail or maritime

freight.

Furthermore, transportation dummies should retain a lot of explanatory power even at the indi-

vidual exporter-recipient pair level characterized by a unique distance as they capture the variation

in cargo value and its both intensive and extensive margins through the lens of transportation costs

as summarized in Hypothesis 5.

HYPOTHESIS 5: Freight dummies should subsume distance’s explanatory power in explaining the

variation in cargo value even at the level of individual exporters, i.e., when only exporter fixed effects

are used.

We perform our analysis using variants of the following three linear equations

zpert = α1τ + α1p + α1e + β log(DIST 2
er) + δITpert + γXe + εpert, (2)

zpert = α1τ + α1p + α1r + β log(DIST 2
er) + δITpert + ηXr,d + εpert, (3)

zpert = α1τ + α1p + α1e + α1r + β log(DIST 2
er) + δITpert + γXe + ηXr,d + εpert. (4)

where as a response variable, zpert, we use the log-characteristic of a cargo p shipped by a Russian

exporter e to a foreign recipient r on date t located in a destination country d. Following our

discussion, the set of cargo characteristics consists of cargo value, weight, value-to-weight ratio, and

the number of unique goods in the cargo or variety. We have included variety as an alternative metric

of the cargo’s extensive margin. We are specifically interested in whether exporting firms tend to

specialize or diversify when shipping long-distance and vice versa. A complementary question is to

what degree the cargo’s value depends on the variety of its content.

In (2–4) Xr,d denotes a vector of log-characteristics of the recipient firm r belonging to country

d while Xe denotes a vector of log-characteristics of the exporting firm. log(DIST 2
er) denotes a

log of the squared distance between exporting and recipient firms. We use the exact firm-to-firm

distance in kilometers measured on a sphere across all specifications.23 We square the distance thus

23When specifications (2-4) re-estimate with the distance measured between Moscow and the capital of the desti-
nation country, the results do not change. Thus while we do not report them here these results are available from
the authors upon request.
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adopting the null that β = −124 and making the distance elasticity equal to 2β.

As has already been mentioned, the multidimensional nature of our data allows us to employ

multiple fixed effects in equations (2–4). α1τ is a time fixed effect with a unit of time equal to

one month. We choose to include time fixed effects at the month frequency in order to control for

possible seasonality, thus restricting identification to a within month variation in all variables. α1p

is a product fixed effect with product categories measured by 10-digit Harmonized System (HS10)

product codes. Since the majority of cargoes contains multiple products (the average number of

products is equal to 2.8) we construct product fixed effect using the highest valued good per cargo.25

α1e is the Russian exporter fixed effect and α1r is the foreign recipient fixed effect.

Specification (2) allows us to examine the variation in cargo shipments both within-product

and within-exporting firm across recipients. Specification (3) identifies β, δ and γ through variation

across exporters by controlling for any time-invariant characteristics of the recipients through in-

clusion of the recipient firms fixed effects. Finally, in specification (4) we use both sets of firm fixed

effects and thus control for unobserved characteristics of firms at both ends of a trade. Across all

equations, the error term εpert has the interpretation of unmeasured factors such as, for instance,

a recipient firm-specific supply or demand shock: for a given product the supply is randomly less

costly (demand is randomly higher) from some recipients than others.

Specifications (2-3) include the observed characteristics of firms recipients and firms exporters,

Xr,d and Xe respectively. We control for the recipient’s trading network in Russia by including

the total number of its Russian trading partners in 2011, N(EpI). We also control for recipient r’s

demand by including the total number of unique goods (HS10 codes) imported by r during the

sample period from all Russian firms, IMP.VARIETY. We also include the recipient r’s country of

origin real GDP in order to control for the aggregate demand.

Vector Xe includes four exporting firm characteristics. We proxy for the exporter’s financial

quality with its annual sales, SALES, and asset turnover ratio, ASSET.TRN, both of which defined

in the previous section. We control for exporter’s unobserved supply shocks with the exported

product variety, EXP.VARIETY. Finally, we control for the exporter’s foreign trading network by

including the number its foreign trading counter-parties, N(IpE).

ITpert denotes a vector of the cargo’s freight method dummies measured relative to the rail

24Without loss of generality, we follow the classical Law of Gravity from Physics by considering that the value of
exports declines with distance as distance squared at all aggregation levels, e.g., cargo, firm, and country.

25Our results are robust to alternative specifications such as value(weight)-weighing all codes.
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freight. To understand how much variation in cargo’s characteristics is explained by the freight

methods beyond distance, exporter and recipient characteristics, and different fixed effects, we first

run specifications (2-4) without freight dummies by setting δ = 0 (Table 2) and then rerun them

without imposing δ = 0 restriction (Table 3).

Results without freight dummies

Table 2 reports our estimates when freight dummies are not included, δ = 0. As a response variable

we use the cargo value (Value) in US$ in Columns (1) through (3), the cargo’s value-to-weight

ratio (Value-per-Kilo) in Columns (4)-(6), the cargo weight in kilograms in Columns (7)-(9), and

the cargo product variety in Columns (10)-(12). Columns 1, 4, 7, and 10 employ specification (2).

Columns 2, 5, 8, and 11 employ specification (3), and specification (4) is used in Columns 3, 6, 9,

and 12. Per each specification, Columns 4 and 7 combine to make up cargo value in Column 1 by

the properties of ordinary least squares.

Distance elasticities of cargo value from Columns 1 through 3 are consistent with the Hypothesis

1. Column 1 indicates the without the recipient’s fixed effects distance elasticity of cargo value is

equal to 0.044 with the standard deviation of 0.01 thus making it both statistically and economically

significant. When the recipient’s fixed effects are included as in specifications (3) and (4), the

elasticity of the cargo value to distance is neither statistically nor economically significant as shown

in Columns 2 and 3 respectively. The sign of the distance elasticity remains positive in Columns

2 and 3, thus indicating that the cargo value is increasing with distance. Month, product, and

exporter fixed effects explain 69% of the variation in cargo values, while exporter, recipient, and

country-level characteristics explain only 2.3% of it. When the exporter fixed effects are switched to

the recipient fixed effects the explanatory power of combined fixed effects improves to 76.7% while

the explanatory power of characteristics reduces to 1.1%. The highest explanatory power of 80.5%

is achieved in Specification (4) with all four fixed effects included.

In agreement with Hypothesis 2, the value-to-weight ratio is increasing with distance for all

three specifications. Its distance elasticity is both statistically and economically significant in spec-

ifications (2) and (3), i.e., where either exporter or recipient fixed effects are used but not both,

reported in Columns 4-5 of Table 2. The magnitudes are equal to 0.015 (Specification (2)) and 0.019

(Specification (3)) with the corresponding standard errors equal to 0.003 and 0.007. Both elastic-

ities, while being on the lower end, are in line with the estimates reported by Martin (2012) for

French exporters, Bastos and Silva (2010) for Portuguese exporters, Gorg et al. (2010) for Hungar-
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ian 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.

Also consistent with Hypothesis 2, when both exporter and recipient fixed effects are used

(Specification (4) in reported in Column 6), the magnitude of the distance elasticity of the cargo’s

value-to-weight ratio is reduced to 0.01 with the standard error equal to 0.006 thus losing its statisti-

cal significance. This is because the exporter and recipient fixed effects capture almost all variation

in the cargo’s value-to-weight ratio as evidenced in Column 6 by the Adjusted R2 and Adjusted

Within R2 equal to 98.4% and 0.1% respectively. The remaining 1.6% of variation is per our earlier

discussion due to the unobserved product’s quality which distance fails to capture. The comparable

values for the Adjusted R2 and Adjusted Within R2 are equal to 97.2% and 0.3% respectively in the

Specification (4) where only recipient fixed effects are included. Thus there exists some variation in

the cargo’s value-to-weight ratio at the recipient level across exporters which distance is capable of

explaining and which is captured to a large degree by the exporter fixed effects.

In agreement with the Hypothesis 3 the relation between the cargo weight and distance is moot.

Weight increases with distance at the exporter level across recipients (Specification (2) reported

in Column 7), but decreases with distance at the recipient level across exporters (Specification (3)

reported in Column 8). Weight once again increases with distance when both exporter and recipient

fixed effects are used (Specification (4) reported in Column 9). The weight elasticity of distance is

statistically significant only in Column 7. Exporter and recipient fixed effects once again capture

almost all variation in cargo weight as evidenced in Column 9 by the Adjusted R2 and Adjusted

Within R2 equal to 91.4% and 0.1% respectively.

Comparing distance elasticities of cargo’s intensive, Columns 4-6, and extensive, Columns 7-

9, margins as per value decomposition (1) helps to rationalize why cargo value is increasing with

distance. First, cargo’s intensive margin, the value-to-weight ratio, is increasing with distance across

all three specifications. Second, cargo’s weight is increasing with distance in Specifications 1 and

2. Third, cargo’s weight decreases with distance in Specification 2 slower than its value-to-weight

ratio increases with distance.

Finally, cargo’s alternative extensive margin - the number of HS10 good codes per cargo or

VARIETY - declines with distance across all three specifications reported in Columns 10-12 of Table

2, although the distance elasticity is not statistically significant when both exporter and recipient

fixed effects are used (Column 12). The fact that the variety of exports declines with distance
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within exporting firms across recipients (Column 10) is consistent with the findings of Bertrand

et. al. (2007) for the US manufacturing firms. One notable difference between cargo’s variety and

weight is that the exporter and recipient fixed effects together capture much less variation in the

former than they capture in the later. The Adjusted R2 in Column 12 is equal to 59.1% while it is

equal to 91.4% in Column 9.

We delay the discussion of the relationship between the cargo characteristics and exporter,

recipient, and country characteristics until next section where we present regression results with

freight dummies added to Specifications (2–4).

Results with freight dummies

Next we test Hypothesis 4 and 5 regarding freight dummies. Table 2 reports our estimates from

Specifications (2–4) with freight dummies being included, δ 6= 0. The layout of Table 3 fully mimics

the layout of Table 2.

In order to examine the Hypothesis 4 we analyze coefficients on freight dummies in Columns 3,

6, and 9. Column 3 reports regression results for the cargo value, while Columns 6 and 9 report

regression results for two independent components of the cargo value from (1), the value-to-weight

ratio and weight respectively. In all three cases both exporter and recipient fixed effects are included

in the regressions.

In Column 3, the regression coefficients on air and auto freight dummies are negative and both

statistically and economically significant. Negative sign on both dummies implies that more valuable

cargoes are shipped by rail than by either air or auto transport. This is because in agreement with

the Hypothesis 4 air and auto freight methods are used for lighter but more expensive per unit of

weight cargoes. The regression coefficients on the air and auto freight dummies in Column 6 are

equal to 0.616 and 0.049 respectively, while they are equal to −2.034 and −0.533 respectively in

Column 9.

The regression coefficients on the ship freight dummy are positive in Columns 3 and 6, while

the regression coefficient on the ship freight dummy is negative in Column 9. However, all three

regression coefficients are not statistically significant thus implying that, in agreement with the

Hypothesis 4, both ship and rail freight methods are used to transport cargoes comparable in terms

of the value and weight. One possible explanation for this finding is that both rail and ship freight

methods tend to utilize the same intermodal ISO containers.

Freight methods other than the plane, ship, or car, OTHER.T, are used to deliver cargoes similar
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to those delivered by either air or auto freight transport. While these cargoes have higher intensive

margin than cargoes shipped by rail, they are on average less valuable since they tend to be on

average significantly lighter than cargoes shipped by rail. A candidate example would be an object

of art delivered by a private currier service.

We examine Hypothesis 5 by comparing the distance elasticity of cargo value estimated with

(Table 3) and without (Table 2) freight dummies. Column 1 of Table 2 reports that the distance

elasticity of value is equal to 0.044 with the standard error equal to 0.01 thus making it both

statistically and economically significant. The same column also reports that the Adjusted R2 and

Adjusted Within R2 are equal to 71.4% and 2.33% respectively. Column 1 of Table 3 demonstrates

that with the freight dummies included into the regression the estimate of the distance elasticity of

value is equal to −0.014 with the standard error equal to 0.009, thus making it neither statistically

nor economically significant. At the same time the Adjusted R2 and Adjusted Within R2 are

now equal to 72.9% and 7.40% respectively. These values indicate that while freight dummies

explain only 1.5% extra variation in cargo value, they do indeed subsume a lot of explanatory

power from distance, as it is the only explanatory variable which changes its sign and loses its

statistical significance when freight dummies are included in the regression.

Columns 7–9 of Table 3 indicate that the cargo weight is decreasing with distance when control-

ling for the freight method. This finding lays out support to the idea that the total weight shipped

depends on the unit transport costs which in turn depend on the freight method. For instance, wine

can be shipped long-distance by a converted oil tanker with low unit costs and then bottled locally

at the destination, or it can be bottled at the origin and shipped nearby by car or train both of

which have higher unit costs than the tanker. Without controlling for the freight method, heavier

on average wine cargoes are shipped long-distance since the tanker can carry more wine and it is

cheaper per kilogram to do so. However, the exported weight declines with distance within each

freight method since the unit transport costs increase with distance for all freight methods. Com-

paring Adjusted Within R2 from Column 9 of Tables 2 and 3 shows that freight dummies explain

a total of 2.76% variation in cargo weight.

Overall, these results provide robust evidence that cargo’s freight method embeds important

information about cargo value and its both intensive, value-to-weight ratio, and extensive, weight,

margins.26 For example, diamonds are light, have extremely high value-to-weight ratio, and are

26As a robustness check we have included the interaction of freight dummies with distance in specifications (2–4).
The coefficients on freight dummies do not change when we include their interactions with distance and we, therefore,
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shipped by air regardless of the destination. Iron ore is cheap and is shipped in large volumes by

train to nearby destinations and by ship to farther destinations.

Furthermore, our results support the notion that the freight method is one of the choice variables

of the value-maximizing exporting firm. Once the exporting firm chooses its trade network thus

fixing the destinations, it responds to demand shocks by selecting the total export value (revenue)

to each destination and then minimizes the freight costs to each destination by selecting the number

of cargoes, the content (weight and variety) and the freight method for each cargo. Once, however,

data is aggregated to the firm level, the precise information about the freight method is lost. We

thus argue in the next section that distance is an imperfect proxy for the freight methods used by

the individual exporter-recipient pairs.

Freight dummies do not add extra explanatory power in the case of cargo variety as both

Adjusted R2 and Adjusted Within R2 are the same in Column 12 of Tables 2 and 3. However, the

regression coefficients on the individual freight dummies are statistically significant. Column 12 of

Table 3 shows that cargoes shipped by air have less variety that cargoes shipped by rail. Cargoes

shipped by either the auto or ship freight have more variety than cargoes shipped by rail. The

regression coefficient on the OTHER freight dummy is not statistically significant.

Next, we discuss the effect of recipient and exporter trade networks as well as other charac-

teristics on the export cargo value, unit value, weight, and variety. Value elasticities to recipient

characteristics are all statistically and economically significant across specifications (2) and (3). The

elasticity of value to the recipient Russian trade network size, N(EpI), is equal to −0.032, implying

that doubling the size of the recipient’s trade network leads to a 3.2% 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 7-9 of Table 3 respectively. On the other hand, the elasticity

of cargo’s intensive margin to N(EpI) 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.27

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(EpI)) and log(VARIETY.IMP).

Firms can increase the overall extensive margin of their imports by either increasing the variety per

do not report these results. They are, however, available from authors upon request.
27Table 4 provides extra support to this statement by showing that the cargo value declines with the size of the

recipient’s trading network in Russia.
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cargo or by importing different commodities from different Russian exporters with less variety per

cargo, or both. Column 10 from Table 3 yields a VARIETY elasticity to the recipient’s network

size, N(EpI), of -0.11 which is both statistically and economically significant. Therefore, recipients

with larger Russian trading networks, while importing commodities with on average similar inten-

sive margin, increase the overall variety of their imports by adding an additional exporter instead

of increasing the individual cargo’s variety. This evidence points towards a trade-off between the

freight and other per cargo costs versus fixed and variable costs of having larger trade network.28

Recipients preferring higher extensive margin of trade, VARIETY.IMP, import more valuable

and heavier cargoes with elasticities equal to 0.125 and 0.127 respectively (both elasticities are

statistically and economically significant). The elasticity of cargo’s value-to-weight ratio to VARI-

ETY.IMP is close to zero, thus leading to a positive relation between the cargo value and VARI-

ETY.IMP.

Overall, recipients use two different channels to capture the same variety. Recipients finding it

cheaper to make their trade network larger than to pay higher transport costs per cargo control

the overall product variety 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-type regressions. Russian exporters with larger trade

networks export less valuable cargoes, with the elasticity equal to -0.077, cargoes with the lower

intensive margin, with the elasticity equal to -0.033, and lighter cargoes, with the elasticity equal

to -0.044. All three elasticities are statistically and economically significant. In addition, exporters

with larger networks tend to ship cargoes with less variety. When combined with the results for

the recipient’s 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 size and financial quality. More financially sound exporters ship heavier more valuable

cargoes with higher intensive margins. Similar evidence for has been found by Harrigan, Ma, and

28Table 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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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, is positively

related to cargo value, unit value, and weight.

Finally, we find a statistically significant effect of the market size, measured by the log real

GDP, on all cargo characteristics: larger markets export more valuable (elasticity of 0.05), heavier

(elasticity of 0.05) cargoes with more variety (elasticity of 0.01). This market size effect conforms

with greater demand for higher quality goods from larger markets story, previously discussed by

Baldwin and Harrigan (2009), Bastos and Silva (2010), and Manova and Zhang (2012).

In summary, our results show that the variation in the cargo value within the same product cate-

gory at the individual exporter-recipient pair level characterized by a unique distance is almost fully

explained by the freight dummies. Freight dummies proxy for transportation costs thus capturing

the unobserved product’s quality. Once cargo-level data is aggregated to the annualized firm-level

exports, some of the information contained in the freight dummies is lost. In the next section we

investigate how much of this information, if any, is re-captured by the distance.

3.2 Firm-level aggregation

Hypothesis development and specification discussion

In this section we aggregate our data to the firm-to-firm pairwise trade which is arguably the most

important trade level as all key decisions about trade flows are made at it. We use the following

procedure to construct annual aggregates for each exporter-recipient pair. First, we calculate the

total number of cargoes shipped by a Russian exporter e to a foreign recipient r throughout the

year, Ner. Then for any cargo characteristic Zpert we construct its annual firm-level counterpart,

Zer, as

Zer =

Ner∑
p=1

365∑
t=1

Zpert = Ner ·

 1

Ner

Ner∑
p=1

365∑
t=1

Zpert

 = Ner · Zer, (5)

where Zer is an individual cargo characteristic averaged across all cargoes shipped by a Russian

exporter e to a foreign recipient r during the whole year. Ner and Zer are the respective extensive

and intensive margins of the firm-to-firm annual trade characteristic Zer. This results in firm-to-firm

matched data set which allows us to study the variation in export activity across and within firms.
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Once the data is aggregated to the annual level, the distribution of each trade characteristic

Zpert consisting of Ner observations collapses to its mean Zer for each exporter-recipient pair {e, r}

characterized by a unique distance, DISTer. With this extra data dimension being removed, dis-

tance has to gain more power in explaining variation in the annualized firm-to-firm data than it did

in the case of individual cargoes.

The number of cargoes, Ner, also absorbs some valuable information about transport costs.

Results from Table 3 provide support to an idea that exporters shipping medium to long distances

are taking advantage of the economies of scale for fixed transport costs. Such economies of scale

are specific for the rail and water freight methods both allowing for standard shipping containers

and bulk shipment. Saving on fixed transport costs allows for the long distance shipment of goods

with low value-to-weight ratios, otherwise cost-prohibited to be shipped long distance, in train-load

and ship-load lots. By construction, the number of such cargoes has to be small for the majority of

exporter-recipient pairs. Cargoes with high value-to-weight ratios are mostly shipped long distance

by air. Since air freight has the highest fixed and variable transport costs the number of cargoes

shipped by air has also to be relatively small for the majority of exporter-recipient pairs. Hypothesis

6 summarizes this discussion.

HYPOTHESIS 6: The number of cargoes per the exporter-recipient pair is decreasing with distance.

Our next hypothesis is based on a standard NPV argument closely related to the Alchian and

Allen (1964) story from the previous section. If transport costs increase with distance, the average

cargo value per the exporter-recipient pair, V er, which has to be no less than the transport costs to

at least break even, has to increase with distance.

HYPOTHESIS 7: The average cargo value per the exporter-recipient pair is increasing with distance.

The further implication of data aggregation is that it phases out several key explanatory variables

for which we have to find imperfect substitutes. First, the variation in trade characteristics can no

longer be within the individual product category. Instead, we now study the variation in trade

characteristics at the industry level where by industry we designate the HS2 code of the product

with the highest annual exported value for each exporter-recipient pair. Second, freight dummies

capturing the variation in transport costs across individual cargoes are no longer available. Some of

the lost information about the transport costs can be recaptured by dummies for the most frequently

used freight method per each exporter-recipient pair29 as well as by their interactions with distance.

Some of the lost information on the transport costs is now also captured by distance thus further

29Our results are robust to either value- or weight-weighing when selecting the freight method.
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increasing its explanatory power. Finally, since aggregated data is annual, monthly fixed effects are

no longer available.

Motivated by the relation (5), we use five response variables characterizing the annual trade by

the Russian firm e and recipient r located in a destination country d: the total value of exports, the

average value per shipment, the total weight, the average weight per shipment, and the number of

shipments. Linear projections of the natural log of each of these five characteristics, zer = log(Zer),

are given by

zer = α1i + α1d + α1e + β log(DIST 2
er) + δ0I

T
er + δ1I

T
er × log(DIST 2

er) + ηXr + εerid, (6)

zer = α1i + α1r + β log(DIST 2
er) + δ0I

T
er + δ1I

T
er × log(DIST 2

er) + γXe + εerid, (7)

zer = α1i + α1r + α1e + β log(DIST 2
er) + δ0I

T
er + δ1I

T
er × log(DIST 2

er) + εerid, (8)

where α1i are industry fixed effects, α1d are the destination country fixed effects, and ITer is a vector

of dummies for the most frequently used freight method. Specifications (6)-(8) share the same set

of firm-level characteristics, Xe and Xr, as well as the exporter, α1e, and the recipient, α1r, fixed

effects with specifications (2)-(4). Since recipient fixed effects subsume the explanatory power of the

destination country GDP at the annual frequency, we have excluded it from specifications (6)-(8).

Results

Table 4 reports our results. Our main finding is that the annual firm-to-firm export value increases

with distance within exporters (Column 1) and it declines with distance within recipients (Column

2) as well as when both exporter and recipient fixed effects are included in the regression (Column

3). The estimates are equal to 0.029 in Column 1, -0.095 in Column 2, and -0.06 in Column 3.

The distance elasticity of value is not statistically significant in Column 1, while it is statistically

significant at 1% in Column 2 and at 5% level in Column 3.

The relation (5) applied to the total trade value is helpful for understanding the mechanics

behind this finding. According to (5), the aggregate trade value between two firms is a product of

the average cargo value and the number of cargoes shipped. Hypothesis 6 states that the number

of cargoes per the exporter-recipient pair is decreasing with distance while Hypothesis 7 states that

the average cargo value is increasing with distance. Therefore, the aggregate trade value between

two firms would decline with distance if the intensive trade margin - average cargo value - does not

increase with distance faster than the extensive trade margin - the number of cargoes - declines
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with distance.

Our results from Table 4 strongly support Hypothesis 6. The number of cargoes, Ner, declines

with distance at the exporter level across recipients (Column 13), at the recipient level across

exporters (Column 14), and when both exporter and recipient fixed effects are included in the

regression (Column 15). The estimates are equal to -0.067 in Column 13, -0.111 in Column 14, and

-0.087 in Column 15. All estimates are statistically significant at 1%.

Hypothesis 7 is also strongly supported by our results from Table 4. The intensive trade margin,

Ver, is increasing with distance at the exporter level across recipients (Column 4), at the recipient

level across exporters (Column 5), and when both exporter and recipient fixed effects are included

in the regression (Column 6). The estimates are equal to 0.097 (statistically significant at 1%)

in Column 4, 0.017 (not statistically significant) in Column 5, and 0.028 (statistically significant

10%) in Column 6. Since at the exporter level Ver increases with distance faster than Ner declines

with distance, the net effect is that the total trade value is increasing with distance at the exporter

level across recipients. However, Ver increases with distance slower than Ner declines with distance

once the recipient fixed effects are included in the regression thus making the total trade value a

decreasing function of distance.

This result indicates that trade flows within the exporter behave differently with distance than

within the recipient. To understand this difference, lets start with exporters. From Column 1 of

Table 2 we know that in agreement with Hypothesis 1 cargo value is increasing with distance at the

exporter level across recipients and that the estimated elasticity is statistically and economically

significant in the absence of freight dummies. While the elasticity changes its sign and loses its

statistical significance with freight dummies included in the regression (Column 1 of Table 3), the

precise freight method is no longer available once cargo data is aggregated to the annual firm-level

data. Therefore, the average-value-per cargo follows its cargo-level counterpart from Column 1 of

Table 2 and strongly increases with distance (Column 4 of Table 4). In short, in the absence of

precise freight dummies distance becomes a strong proxy for freight costs at the exporter level.

Therefore, exporters have to ship more valuable on average cargoes long distances to at least break

even.

Furthermore, a Russian exporter has on average four foreign recipients and, as Panel D of

Figure 2 indicates, the number of recipients per exporter increases with distance. Even though an

exporter ships more cargoes to each nearby recipient than it ships to each long distance recipient,

the overall difference between the number of cargoes shipped nearby and long distance is partially
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offset by the fact that the exporter has on average more long than short distance contacts.

To explain the variation in the export value with distance within the recipient we need to consider

recipients with Russian exporters located both nearby and far away. There exist two major reasons

why the export value declines with distance within the recipients. First, a recipient trades, on

average, with approximately two Russian exporters. Therefore the network effect - low number of

shipments per destination but large number of destinations - is not as strong within the recipient.

As a consequence, the number of shipments declines faster with distance within the recipient (-

0.111, Column 14 of Table 4) than within the exporter (-0.67, Column 13 of Table 4). Second,

since only recipients located in close proximity to Russia can trade with Russian exporters both

far and nearby, most of the variation in distance within the recipient is due to the variation inside

Russia. Therefore, Russian exporters shipping long distance to such recipients face lower transport

and other trade costs as most of these costs accrue outside Russia. As a consequence, the average

cargo value does not increase as fast with distance within the recipients (0.17, Column 5 of Table 4)

as it does within the exporters (0.097, Column 4 of Table 4).

Export weight declines with distance across all specifications (Columns 7–9) but the relationship

is statistically significant when recipient fixed effects are included in the regression (Columns 8 and

9). This is because in accordance with the decomposition (5) the extensive margin, weight-per-

cargo, is either weakly increases with distance within exporters (Column 10) or it is independent

of distance when recipient fixed effects are included in the regression (Columns 11 and 12) while as

we have already discussed that the intensive margin – the number of cargoes – strongly, i.e., the

magnitude of distance elasticity is large and statistically significant, declines with distance across

all three specifications. These findings provide further evidence that, conditional on some freight

method proxy, both fixed and variable freight costs per cargo only weakly depend on cargo’s weight.

As we have anticipated, distance has much more explanatory power at the firm level than it

has at the individual cargo level. This is mainly due to the fact that at the individual cargo level

both exporter and recipient fixed effects together with the individual cargo’s transport method

subsume most of the information about the freight costs contained in distance. Once cargo data is

aggregated one level up, cargo’s individual freight method is no longer available but some of this

lost information is captured by distance thus making it statistically significant at the firm level.
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3.3 Country-level results

Hypothesis development

In this section we proceed further by aggregating the firm-to-firm pairwise data to the country level.

The total trade value between Russia and country c, Vc with c ∈ {1, ..., 181}, is of main interest to

us. Let NE be the total number of Russian exporters, NR be the total number of foreign recipients,

and Re be a set of the exporter e’s recipients. The total number of exporters trading with a country

c, NEc, is equal to

NEc =

NE∑
e=1

min{1,
NR∑
r=1

1[(r ∈ c)&(r ∈ Re)]}, (9)

where 1[(r ∈ c)&(r ∈ Re)] is an indicator function equal to one if the recipient r is located in

country c and is in the exporter e’s trading network. Likewise, the total number of cargoes shipped

to a country c, Nc, is equal to

Nc =

NE∑
e=1

NR∑
r=1

1[(r ∈ c)&(r ∈ Re)] ·Ner. (10)

Finally, for any firm-to-firm pairwise trade value Ver we construct its annual country-level counter-

part, Vc, as

Vc =

NE∑
e=1

NR∑
r=1

1[(r ∈ c)&(r ∈ Re)] · Ver = (11)

= Nc ·NEc ·

(
1

Nc
· 1

NEc

NE∑
e=1

NR∑
r=1

1[(r ∈ c)&(r ∈ Re)] · Ver

)
= Nc · NEc · V Ec︸ ︷︷ ︸

Average Value V c

,

where V Ec is a per-exporter trade value averaged across all cargoes shipped to a foreign country c

during the whole year. Such formulation allows us simultaneously accommodate two independent

extensive margins of the country-level annual trade – the number of cargoes, Nc, and the number

of exporters, NEc. V Ec is the intensive margin of the country-level annual trade. Once data is

collapsed to the country level, distance remains the only proxy for the freight costs and, therefore,

it has to have a significant explanatory power in explaining the cross-section of the country-level

trade flows.

Firm-level results shed light on the mechanism leading to the country-level trade flows being a

decreasing function of distance. We have that the average cargo value is increasing with distance
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at the firm level and, given the aggregation procedure (11), this result has to hold at the country

level for the average per-exporter cargo value of cargoes shipped to a country c, V Ec. At the same

the number of cargoes strongly declines with distance at the firm level and this result also has to

hold for the number of cargoes shipped to a country c, Nc. It is tempting to conclude that as long

as the product of two extensive trade margins, Nc · NEc, declines faster with distance than the

extensive trade margin, V Ec, increases with distance at the country level, then the desired result

should attain. However, the fact that the number of trading partners per exporter increases with

distance may play an important role. If the size of the trading network grows fast enough with

distance, it may make the number of exporters per country, NEc, an increasing function of distance

and, consequently, the country-level trade flows either only weakly declining with distance or even

increasing with distance. On the other hand, the size of the exporter’s network increases with the

exporter’s size measured as the total value of its exports while the number of large exporters is

small.30 As a result, the number of exporters per country, NEc, may, in fact, decrease with distance

thus making the aggregate trade flows a decreasing function of distance.

This discussion leaves out the intuition on why the functional form of the value-distance relation

is a power law. Chaney (2016) proposes three sufficiency conditions leading to the negative power

law relationship between the country-level trade flows and data. The first condition is that firms

sizes, K, follow a Pareto distribution

1− F (K) =

(
K

Kmin

)λ
, (12)

over [Kmin,+∞), λ ≥ 1. The second condition is that the average squared distance of exports, ∆,

is an increasing power function of the firm size, K,

∆(K) =

∞∫
0

x2fK(x)dx = Kµ

∞∫
0

x2fKmin(x)dx, µ > 0, (13)

where fK(x) is the fraction of exports shipped to distance x by a firm of size K, with fK(x) and

f ′K(x) bounded from above and fK(x) being weakly decreasing above some threshold x. The third

and final condition is a parameter restriction on µ and λ: λ < 1 + µ. Chaney (2016) finds support

for his sufficiency conditions in French trade data. Following Chaney (2016) we start by testing his

sufficiency conditions in Russian trade data.

30For instance, Chaney (2016) shows that the distribution of the French exporter sizes is Pareto.
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Testing Chaney (2016) gravity sufficiency conditions

We adopt Chaney (2016) methodology to test in the data his sufficiency conditions for the negative

power law relation between the trade value and distance. We start by ordering all Russian exporters

in increasing order of size, where a firm’s size is the value of its worldwide exports. We construct

50 bins of equal log width, b = 1, ..., 50, ranging from 1 million Russian Rubles to the actual largest

amount exported by a single firm. The average size of firms in bin b is given by

Kb =

∑
i

∑
jKi,j1 [i ∈ b]∑
i 1 [i ∈ b]

, (14)

where Ki,j is the total value of exports of a firm i to a recipient firm j and 1 [·] is an indicator

function.

The fraction of firms of size larger than Kb is given by

1− F (Kb) =

∑50
b′=b

∑
i 1 [i ∈ b′]∑50

b′′=1

∑
i 1 [i ∈ b′′]

. (15)

The average squared distance of exports among firms in bin b is given by

∆(Kb) =

∑
i

∑
j d

2
i,,j1 [i ∈ b]1 [di,,j > 0]∑

i

∑
j 1 [i ∈ b]1 [di,,j > 0]

, (16)

where di,,j is the exact distance between the exporter i and the recipient j. Using exact distance

between individual exporter-recipient pairs is the main difference between our variables and variables

used by Chaney (2016).

Figure 3 shows F (Kb) for Russian exporters and its fitted counterpart (Panel A), the Q-Q plot

for the fit (Panel B),31 and ∆(Kb) for Russian exporters (Panel C). It follows from Panels A and B

that the distribution of Russian firm sizes is a three-parameter Generalized Exponential Distribution

(GED):

1− F (K) = exp

(
−θ

[(
K

Kmin

)λ
− 1

])
= exp

(
−1.12 ∗

[(
K

0.05

)0.21

− 1

])
, (17)

with a cdf

f(K) =
θλ

Kmin

(
K

Kmin

)λ−1
exp

(
−θ

[(
K

Kmin

)λ
− 1

])
, (18)

31The fit is performed using CumFreq software. 90% confidence intervals are shown using widely spaced dashed
lines. The efficiency coefficient of calculated and observed data values is equal to 0.99646.
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rather than the Pareto distribution. Chaney (2016) first sufficiency condition is, therefore, violated

for Russian exporters. Panel C shows that the second sufficiency condition (13) holds for Russian

exporters as the average squared distance of exports is an increasing power function of firm size.

A natural question to ask is whether the GED of firm sizes is consistent with existing models

of firm-to-firm trade. In Appendix B we present a variant of Chaney (2016) network model of

firm-to-firm trade which delivers the GED of firm sizes. The first key difference between our model

and the original Chaney (2016) model is that we allow firms to reduce their search intensity for new

trading partners as they age, while it is constant in Chaney (2016). Since older firms have larger

trade networks this assumption can be, for instance, be motivated by the costs of maintaining the

network being increasing with the network size. The second key difference is is that we allow the

hazard rate of losing a contact, which is constant in Chaney (2016), to decline with firm’s age. This

assumption could be, for instance, motivated by the fact that older, more mature firms tend to

invest effort in maintaining the existing trading relationships and, therefore, lose existing trading

partners with lower intensity.

Next, we investigate the consequences of the first sufficiency condition violation for aggregate

gravity by performing the same aggregation exercise as in Chaney (2016). Following Chaney (2016),

we normalize size units as Kmin = 1 and distance units as

∞∫
0

x2f1(x)dx = 1. (19)

Aggregate exports at distance x, ϕ(x), defined as the sum of all firm-level exports at x, are given

by

ϕ(x) ∝
∞∫
1

(KfK(x))Kλ−1e−θ(K
λ−1)dK =

∞∫
1

fK(x)Kλe−θ(K
λ−1)dK. (20)

We now introduce a scaled function gK(x)

gK(x) ≡ Kµ/2fK(Kµ/2x), (21)

with the same second moment
∫∞
0 x2gK(x)dx =

∫∞
0 x2f1(x)dx = 1, and perform the change of

variables K =
(
x
u

)2/µ, dK = − 2
µ

(
x
u

)2/µ du
u . It is important to have gK(x) defined as in (21) since
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Panel A: Trade sizes CDF Panel B: Q–Q Plot

Panel C: Average square distance vs. trade size
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Figure 3: Russian firms’ size distribution
All Russian firms exporting 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 shows the Q–Q
plot of this distribution. Panel C shows the average squared distance of exports among firms in bin
b as a function of the average size of exports among firms in bin b. Distance is measured in 1,000’s
of kilometers. This is Figure 1 in Chaney (2016).
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otherwise it would not satisfy second sufficiency condition (13). We then obtain

ϕ(x) ∝ x
2(λ+1)−µ

µ

x∫
0

u
− 2(λ+1)

µ exp

(
−θ
((x

u

)2λ/µ
− 1

))
g
( xu)

2/µ(u)du, (22)

where we have used that gK(x) = 0 for K ∈ [0, 1). The exponent under the integral in (22) and

the power of x, 2(λ+1)−µ
µ , are key differences between the expression (22) and its counterpart in

Chaney (2016). It follows from (22) that as long as 2(λ+ 1) > µ, the term in front of the integral,

x
2(λ+1)−µ

µ , increases with x. Since Panel C of Figure 3 shows a concave relation between the average

distance and the trade size, we conclude that the above inequality is satisfied in our data. However,

the integral itself declines exponentially with x as x → ∞.32 As a result, ϕ(x) is a non-monotone

function of x in this case.

In the next section we test the implications of Chaney (2016) theory represented by the expres-

sion (22) against the classic gravity.

Country-level gravity results

We use five response variables characterizing the annual country-level trade between Russia and

181 countries: the total value of exports, Vc, the number of Russian firms exporting to country c,

NEc, the number of shipments, Nc, and the average value per exporter per shipment, V Ec. Linear

projections of the natural log of each of these five characteristics, zc = log(Zc), are given by

yc = α+ β · log(DIST2
c) + η · log(GDPc) + δ ·NNHBRc + εc, (23)

where, following Anderson and VanWincoop (2003), NNHBR is a dummy taking value of 1 if the

country has a border with Russia and zero otherwise. We utilize 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 c pairs. The second one is the distance between Moscow and

the capital of country c.

Table 5 reports the results. The first observation is that distance elasticity is both statisti-

cally and economically significant across all specifications. Export value, Vc, falls with distance,

and it falls faster with the average firm-to-firm distance than with the capital-to-capital distance.

32Using Lebesgue’s dominated convergence theorem the limit x → ∞ can be taken inside the integral where the
exponent, exp

(
−θ

((
x
u

)2λ/µ − 1
))

, is the dominant function of x.
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Vc declines with distance since both extensive margins of trade - the number of cargoes and the

number of exporters per country - sharply decline with distance, with distance elasticities equal

to −0.899(−0.706) and −0.705(−0.573) respectively.33 The intensive trade margin - average cargo

value - increases with distance but not fast enough to compensate for the combine decline with

distance of both extensive margins as its distance elasticity is equal to 0.438(0.405).

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, 2β = −2.33, 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 −1.75 when capital-to-capital

distance is used. Russia is the largest country on the planet with an area of 17, 075, 200 km2 which is

almost twice the area of the second largest country, Canada. 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

precise distance measure. The change is equal to 33.1% 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.

The most intriguing result is that the classic gravity - trade value declines with distance as a

power law - holds for Russian firms in spite of Chaney (2016) sufficiency conditions being violated

for them. Moreover, while the relation (22) predicts a non-monotone relation between Vc and

distance, when we include DISTαi into the specification (23) for several different values of the power

α, the coefficient on this term is neither statistically nor economically significant in any of our

specifications.34 In addition, the non-monotone relation between the aggregate trade value and

distance has not been reported by any existing gravity study. This begs the question of what is the

right aggregation for Russian trade data? We answer this question in the next section.

33Results shown in brackets are for the case of the capital-to-capital distance.
34These results are available upon request.
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4 Cargo-to-country aggregation

We start by developing an aggregation procedure for a generic data “unit.” Such unit can be a

customs form, a cargo, or a firm. The main property of such a unit is that it can be aggregated to

any higher unit. For instance, customs forms can be aggregated to a firm-level data bypassing the

cargo unit level.

4.1 Aggregation method

Lets start with an arbitrary “unit” of value vi(x) shipped over distance x ∈ X, where X is a set of

all distances. The total number of units is N and the total number of units shipped over distance

x is N(x): ∑
x∈X

N(x) = N. (24)

The total value shipped to distance x, V (x), is equal to:

V (x) =

N(x)∑
i=1

vi(x) =
∞∑

K=Kmin

N(x)∑
i=1

1 [vi(x) = K] ·K =
∞∑

K=Kmin

KNK(x), (25)

where

NK(x) ≡
N(x)∑
i=1

1 [vi(x) = K] ,

is the number of units with the value equal to K shipped over distance x out of the total number

of units of that value. We now examine the left-hand-side of the expression (25). Let

α(x) ≡ N(x)

N
,

be the fraction of units shipped over distance x. The right-hand-side of (25) takes the following

form
1

N

N(x)∑
i=1

vi(x) =
N(x)

N

1

N(x)

N(x)∑
i=1

vi(x) −→
N→∞

α(x)E[v(x)], (26)

where E[v(x)] is the expected unit value shipped over the distance x. Equation (26) implies that

in the large-N limit 1
N

∑N(x)
i=1 vi(x) converges to the product of the expected value and the fraction

of units both shipped to a distance x. This expression is valid regardless of weather we use the

customs forms, cargoes, or firms.
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We now demonstrate how the country-level distance elasticity from Column 1 of Table 5 equal

to −2.33 can be obtained from the cargo-level data using relation (26). Let both N(x) and E[v(x)]

be power functions of distance, x,

N(x) ∝ x−βN , (27)

E[v(x)] ∝ xβv ,

where βN > 0 and βv > 0 represent distance elasticities of the number of cargoes and average cargo

value respectively. Here we have used our firm- and country-level empirical results to make the

number of cargoes a decreasing function of distance and the average cargo value shipped to distance

x an increasing function of distance.

Relations (27) can, for instance, be obtained directly from (25) in the large-N limit. To see this

note that relation (25) can be written as:

N(x)∑
i=1

vi(x) = N
∞∑

K=Kmin

K · NK(x)

NK︸ ︷︷ ︸
fK(x)

· NK

N︸︷︷︸
F (K)dK

−→
N→∞

∞∫
Kmin

KfK(x)F (K)dK. (28)

The right hand side of (28) is exactly the expression from Chaney (2016). Using the large-N limit

in the expression for the number of cargoes

N(x) = N

∞∑
K=Kmin

NK(x)

NK

NK

N
−→
N→∞

∞∫
Kmin

fK(x)F (K)dK, (29)

we obtain the large-N limit expression for the average cargo value at distance x

E[v(x)] =
1

N(x)

N(x)∑
i=1

vi(x) −→
N→∞

∫∞
Kmin

KfK(x)F (K)dK∫∞
Kmin

fK(x)F (K)dK
. (30)

For
∫∞
Kmin

KfK(x)F (K)dK to deliver the power law in distance, Chaney (2016) sufficiency conditions

and specifically the requirement that F (K), the cdf of cargo values, is Pareto have to be satisfied

at the cargo level.

Is the assumption that cargo values are Pareto distributed consistent with the finding that the

firm-level export values are not Pareto distributed? Indeed these two findings are consistent as it

is well-known that the sum of Pareto-distributed variables is not Pareto distributed. Therefore,
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if, for instance, the custom forms values are Pareto distributed, then gravity can only result from

the custom forms level aggregation to the country level since the higher-level values of cargoes

and firm-level exports are obtained by adding up custom forms values and thus cannot be Pareto

distributed.

If all Chaney (2016) conditions are satisfied, we obtain analogous to Chaney (2016) the asymp-

totic expressions for N(x) and E[v(x)]

N(x) ∝ 1

x
1+ 2λ

µ

⇒ βN = 1 +
2λ

µ
, (31)

E[v(x)] ∝ x
2
µ ⇒ βv =

2

µ
,

directly mapping βN and βv into the parameters µ and λ from Chaney (2016).

We are going to use the cargo-level data to estimate βN and βv. To do that, we create distance

bins each of the equal size of 500km for a total of 36 bins, i.e., the last bin corresponds to cargoes

shipped father than 18,000km, and sort all cargoes into these bins based on their actual shipping

distance. Choosing the right “size” of each distance bin is tricky as the destinations are not uni-

formly distributed over the Earth map. Destinations are scarce outside the large or medium-sized

metropolitan areas and there are no destinations if the bin is in a sea or an ocean. Choosing too of

a fine grid size leads to a lot of fluctuations in both cargo values and number of cargoes along the

distance dimension especially over distances ending in the Atlantic, Pacific, and Indian Oceans as

well as Caspian, Black, Baltic, and Mediterranean Seas. Using 500km sized bins helps to mitigate

this problem, but not completely. The main problem is that there are a lot of outliers in cargo

values for bins located farther than 5,000km. To mitigate this problem, we use median instead of

average cargo value for each distance bin.

Once all cargoes are sorted into their respective distance bins and the bin-specific median cargo

value is calculated, we estimate βN and βv from the following OLS specifications

log(Ni) = αN + βN · log(DISTi) + ηN,i, (32)

log(Vi) = αv + βv · log(DISTi) + ηv,i,

where Vi and Ni are median cargo value and number of cargoes in bin i respectively, and DISTi is

bin i’ corresponding distance. Figures 4 and 5 illustrate estimation of equations (32) for the number

of cargoes and cargo median values respectively.
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Figure 4: Number of cargoes vs distance
Log of number of cargoes as a function of log distance is plotted. The straight line shows an ordinary least square
fit. Cargoes are split into 36 equidistant distance bins 500km in length.

Figure 4 shows that the number of cargoes declines with distance as a power law between

1,500km and 13,500km which to the west of Moscow encompasses everything from Western Europe

to the East Coast of the United States and it encompasses India, China, and the West Coast of

the United States starting from Vladivostok which is the farthest Eastern Russian port. It then

declines exponentially over distances greater than 13,500km. The number of shipments is slightly

increasing between 500km and 1000km bins. This could be due to low shipping costs to countries

of former Soviet block coupled with differences in per-capita wealth across these countries. For

instance, 500km bin includes Ukraine, Moldova and Belarus while 1000km bin includes Poland,

Romania, Slovakia, and Hungary all of which are on average wealthier nations than former Soviet

republics from the 500km bin. The estimated coefficient β̂N is equal to -2.69 with a t-stat of -9.03.

The R2 of the regression is equal to 70.6%.
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Figure 5: Cargo value vs distance
Log cargo value as a function of log distance is plotted. The straight line shows an ordinary least square fit. Cargoes
are split into 36 equidistant distance bins 500km in length. Cargo value is the median cargo value for each bin.

Figure 5 shows that the median cargo value is slowly increases as a power law of distance. The

estimated coefficient β̂v is equal to 0.20 with a t-stat of 2.23 making it statistically significant at

5% level. The R2 of the regression is equal to 12.7%. It follows from (27) that the country-level

distance elasticity from (23)can be calculated as

β̂N + β̂v = −2.69 + 0.20 = −2.49, (33)

which is very close to the value of 2 · (−1.166) = −2.33 reported in the Column 1 of Table 5. Here

we have multiplied the estimate from Table 5 by two since the specification reported in Table 5 uses

squared instead of linear distance.

Sorting cargoes into equidistant bins is very different from sorting them into country-specific

bins. The country itself is irrelevant for sorting into equidistant distance bins as distance is the only
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relevant sorting characteristic. Thus each distance bin contains cargoes shipped to many different

countries. In addition, the actual travel distance is used when forming equidistant bins. Country-

specific bins contain cargoes shipped over different distance. Consequently, the country-specific

distance is constructed by averaging all actual distances unique to each country-specific exporter-

recipient pair. In addition, country-level gravity specification (23) contains extra controls such as

the nearest-neighbor dummy and country GDP, potentially contributing to a difference between two

estimates of distance elasticity.

This exercise demonstrates the power of our approach. Once cargo-level data is available, no

further data aggregation is required to estimate the firm- or country-level value elasticity of value.

5 Conclusion

In this paper, we study how the classic country-level gravity relationship emerges by employing a

highly detailed and precise Russian customs level data that allows empirical analysis of trade flows

and distance at different levels of data aggregation. The Russian customs data contains virtually all

daily declaration forms during 2011, and allows us to identify the unique cargo shipments between

domestic exporting firms and foreign recipient firms. Importantly, the customs forms data contains

the precise identification of firms at both sides of the transaction which enables us to calculate the

exact door-to-door distance between them as well as build the networks of exporting and importing

firms. Furthermore, the high dimensionality of our cargo level data (based on one or more customs

forms on the same day from the same exporter to the same recipient) allows us to employ time,

product and firm level fixed effects for exporters and recipients, thus enabling us to identify the role

of distance and trade-flows through variation within exporters and recipients.

Our main set of results on gravity concerns the cargo shipment level of trade between firms.

We find that the exact distance between firms has no explanatory power for variation of cargo

shipment values if one controls for the modes of cargo transportation or includes the recipient firm

fixed effects. In fact we find that the unit cargo value increases with distance across recipients for

a given exporter or alternatively for a given importer across their Russian exporters. Moreover, we

find a negative relationship between distance and the variety of products in a cargo shipment. Our

findings uncover the previously unexplored intricate dimension of international trade between firms

at the cargo level. These findings are consistent with fixed and variable costs that dominate the

extensive and intensive margins of trade at the basic micro cargo level.
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Next, we aggregate the cargo shipments data to the firm level and obtain trade values for

matched exporter-recipient firm pairs over the whole year. We find that at the firm level the effect

of distance on the value of exports is ambiguous. For a given exporter, the export value increases

with distance across recipients, albeit insignificantly. On the other hand, and in line with traditional

gravity prediction, we find that conditional on an importer the dollar value of trade is decreasing

with exporters’ distance. In addition, we find strong evidence that both weight of goods exported

and goods’ variety decrease with the distance between firms.

The question that naturally arise is why doesn’t distance appear to play a major role at the cargo

level, yet it does at the firm level? Our analysis shed light on this and supports the view that most

of the exporter’s decision making is done at the individual cargo level. Exporters respond to their

recipient’s demand consisting of both the quality of the commodity and the timing (expediency)

of its delivery. The timing part of the recipient’s demand is captured to a large degree by the

transport method, while the majority of the unobserved quality component of the recipient’s demand

is captured by the recipient fixed effects. Export costs are best explained by the transportation

method, the number of shipments, and exporter fixed effects. Consequently, conditional on the

recipient demand, the exporter chooses the number of cargoes to ship to each recipient, and for

each cargo its content. Thus, distance has very low explanatory power at the cargo level since both

exporter and recipient fixed effects together with the individual cargo’s transport method subsume

most of the information about the export economic costs contained in distance.

Once cargo data is aggregated up to firm level data, cargo’s individual transport method is no

longer available and some important information about transport costs and recipients demand is

lost. Some of this lost information is recovered by using distance and the most frequently employed

transport method. As a result, distance becomes statistically significant at the firm level as it

proxies for some of the information about the transport costs contained in the transport method.

Finally, when we aggregate firms’ data to the country level we find significant support for the

classical gravity regression of a negative relation between distance and value of trade. Furthermore,

the gravity coefficient significantly increases when one uses the average exact door-to-door distance

between firms within a country instead of the surrogate capital-to-capital distance commonly used

in the literature. Since our data allows us to calculate the number of cargo shipments sent to each

country and a number of firms involved in trade with each country we are able to decompose the

value of exports to each of the countries along the intensive and extensive margins. Here we find

that average value per shipment per firm sent to a country increases with distance to that country,
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while number of cargo shipments sent to a country and number of Russian exporting firms trading

with a country declines with distance.

Next, we investigate the reason the data aggregates at the country level to the classical gravity

equation. First, we show empirically that Russia’s firm size distribution is Generalized Exponential

– one that violates Chaney’s (2016) first sufficiency conditions for gravity which requires firm sizes

to be Pareto distributed. We then show theoretically how to account for the fact Chaney’s (2016)

conditions are satisfied at the shipment level, but are not at the firm level, yet gravity holds at the

country level.

We show that our evidence that Russian firms ship more valuable goods to farther distances

but at a shipment rate that declines with distance even faster is a feature consistent with Chaney’s

(2016) sufficient conditions for gravity to hold at the country level. That is, we show that in order

to yield the correct aggregation at the country level, the cargo’s intensive margin should increase

slower with distance than the decline in the average number of shipments. We further show that

given that Chaney’s conditions hold at the cargo level, they can not, by construction, be satisfied

at the firm level (as a weighted average of Pareto is not Pareto distributed)–rationalizing our firm

level evidence. Therefore, as long as the conditions are satisfied at the cargo level, the firm level

aggregation may yield either positive, negative or no relationship between distance and value traded

at the firm level, making that evidence much less informative regarding the country-level gravity.

Overall, our results show that most of the exporter’s decision making is done at the individual

cargo level. Consequently, models of international trade need to start adopting cargoes as one of

primary firm-level control variables to be consistent with both granular cargo-level data as well as

higher level firm-level data eventually leading to the classic gravity.
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Appendix A

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 Hypothesiss. 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.

Appendix B

Model of firm-to-firm trade yielding Generalized exponential distribution

We show how the Generalized exponential distribution of trade sizes, K, can be rationalized using
a variant of Chaney (2016) model. Our model will share most but not all assumptions with Chaney
(2016). We start with those assumptions that we borrow from Chaney (2016). The world is
made of a continuum of locations. Firms are uniformly distributed over an infinite one-dimensional
continuous space with origin located at the coordinate x = 0 and just like Chaney (2016) we will
focus on the firm located at the origin. Within each location, there is a continuum of infinitely lived
firms, born at a constant rate γ, so that at time t, there is the same density of firms eγt in every
location. Once born, a firm gradually samples a mass K0 of trading partners from other newborn
firms only. The K0 contacts are distributed geographically according to the density k0(x) such that
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k0(−x) = k0(x), x ∈ R, and it has a finite second moment.
Existing contacts can “share” their own contacts according to a Poisson process with arrival rate

βa = β
1+ma , m > 0, so as the firm ages it slows down its search for new partners due to, for example,

costs of maintaining the network not directly modeled here. Existing contacts are continuously lost
to the exogenous Poisson shock with rate δa = δ

1+ma . As the firm ages, it takes a better care of its
partners and, therefore, does lose them with lower intensity. Following Chaney (2016) we assume
that γ > β − δ > 0. The value of individual cargoes is normalized for simplicity to one for all firms
thus making the firm’s number of contacts, K, a measure of its size.

Let ka(x) be the geographic distribution of the contacts of a firm of age a located at the desti-
nation x. Then the number of contacts of this firm “worldwide” is equal to

Ka =

∫
R

ka(x)dx. (34)

The distribution of contacts evolves recursively according to the partial differential equation

∂

∂a
ka(x) = βa

∫
R

ka(x− y)

Ka
ka(y)dy − δaka(x), (35)

with the initial condition k0(x). Multiplying both side by dxda, (35) describes the net creation
of new contacts in a neighborhood dx of location x over a short time interval da. Any existing
contact of the firm (there are ka(y)dy of them in each neighborhood dy of y) shares with probability
βada one of their contacts. This contact happens to be in a neighborhood dx of x with probability
ka(x−y)
Ka

. Over a time interval da, the firm also loses δaka(x)dxda of its contacts in a neighborhood
dx of location x. In our case, however, both probabilities, βada and δada, decline with the firm’s
age.

First, we are going to derive the law of motion for the mass Ka by simply integrating the law
of motion (35) over R to obtain the following ODE

∂

∂a
Ka = (βa − δa)Ka, (36)

with the initial condition K0. ODE (36) can be solved to yield

Ka = K0 exp

 a∫
0

(βs − δs) ds

 = K0 (1 +ma)
β−δ
m . (37)

Unlike Chaney (2016) where the firm size growth exponentially, the firm size growth with age as a
power law in our case. The Chaney (2016) case can be recovered by taking the limit m→ 0 in (37).

The population grows at an exponential rate γ, so that at any time t, the fraction of firms
younger than a is 1− e−γa. Since a firm of age a has a total number of contacts Ka, we can express
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a(K) from (37) to obtain

a(K) =

(
K
K0

) m
β−δ − 1

m
, (38)

thus leading to the following expression for the fraction of firms with fewer than K contacts

F (K) = 1− exp

[
− γ
m

((
K

K0

) m
β−δ
− 1

)]
, (39)

which is a Generalized Exponential Distribution.
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