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A Balls-and-Bins Model of Trade: Comment’

By BERNARDO S. BLUM, SEBASTIAN CLARO, AND IGNATIUS J. HORSTMANN*

We show that the Armenter and Koren model’s firm-product-country
results rely on the assumption that export shipment size is indepen-
dent of firm size, and this assumption is contradicted by the data.
When actual shipment sizes are used in the balls-and-bins model, it
cannot reproduce the data on single product/single country export-
ers. Beyond just showing that the shipment size assumption matters
to balls-and-bins outcomes, our results highlight the important fact
that shipment size is an economic decision, co-determined with other
export choices. For this reason, we argue that a balls-and-bins model
cannot be a purely statistical benchmark model. (JELF11,F14, 013,
019, Q37)

In a recent paper, Armenter and Koren (2014)—henceforth, AK—propose what
they call “a parsimonious statistical benchmark™ model of trade—a balls-and-bins
model of trade—which they use “to discern which data moments are informative
about the correct model of the extensive margin” (p. 2128). In this comment, we
argue that the AK model is not a statistical benchmark model but embodies a key
economic assumption. We identify what this assumption is and show that (i) the
assumption is strongly rejected by the data, and (ii) the assumption is key to the
AK firm-level trade results. We demonstrate the latter by showing that a modified
balls-and-bins model that incorporates a data-consistent assumption fails to match
the zeros in the firm-product-country trade data. Based on this analysis, we conclude
that statistics such as firm-product-country level zeros may be informative and so
allow us to distinguish among competing models of trade.

In the AK benchmark (balls-and-bins) model, bins represent product or
product-country trade outcomes while balls represent trade shipments. Shipments
(balls) are matched to trade outcomes (bins) in a purely random fashion (balls are
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'To quote AK (p. 2129), “If, on the other hand, the balls-and-bins model does not match a statistic, then a trade
model has a chance to distinguish itself from the competition by positing the correct structure on the joint distribu-
tion of trade across countries, products, and firms.”
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randomly allocated to bins). AK interpret the model as a statistical model in the
sense that bin sizes are determined by aggregate trade flow data, with larger bins
representing products and/or countries with a larger share of total US exports.

AK show that this benchmark model “quantitatively reproduces the pattern of
zero product- and firm-level trade flows ... and the frequency of multiproduct, mul-
tidestination exporters” (AK Abstract p. 2127). They posit that the reason that the
balls-and-bins model is successful at reproducing the pattern of trade zeros in the
data is the combination of sparse trade data and the highly skewed nature of trade
distributions. In particular, because the number of export shipments from the United
States is small relative to the total number of possible product/product-country
classifications, there must, of necessity, be many trade zeros, even if shipments are
assigned to classifications in a purely random fashion. The fact that the distribution
of exporter sizes is skewed means that, in general, most exporters are small and carry
few (one) shipments, and thus even a random allocation of shipments will match
well with trade zeros in the data. AK argue that the ability of the balls-and-bins
model to reproduce the pattern of trade zeros in the data means that such statis-
tics “are not helpful in differentiating models of the extensive margin of trade”
(AK p. 2129).

The AK product level results provide an important insight: because shipments are
few relative to the number of potential product exports, one should expect to find,
even with a random allocation mechanism, that many products are not exported to a
given country. As a result, statistics based on zeros in the product-country trade flow
data are unlikely to be informative about models of the extensive margin of trade.

Where we disagree with AK is in their analysis of firm-product-country trade
flows. Specifically, we show in what follows that the AK firm-product-country
results hinge critically on an economic modeling assumption; namely, that export-
ers, regardless of size, have identical shipment sizes.” In fact, the data reveal that
smaller exporters have significantly smaller shipment sizes than do larger exporters,
highlighting the fact that export shipment numbers and sizes are the outcomes of
firms’ economic choices. That is to say, balls in the AK data generating process are
not a simple abstraction representing a draw from a skewed shipment distribution
that is matched to a bin from a skewed product-country distribution. As such, the
analogy to the Ellison and Glaeser (1997) benchmark of firm locations being deter-
mined by firms throwing darts at a map of the United States is inappropriate.

To demonstrate the importance of the assumption on shipment size, we re-derive
the AK firm-product-country results using the actual export shipment data to assign
balls to exporters. Doing so amounts to explicitly embedding an alternative model of
exporters’ choice of shipment sizes into the balls-and-bins structure. We show that
the data strongly support the notion that firms export fewer products to significantly
fewer destinations than a random allocation mechanism would predict. This is the
case for exporters that sell one product and sell to one country, and also for exporters
that sell multiple products to many countries. The evidence is overwhelming that
the embedded economic model of shipment size determination is crucial to the AK
results.

2 AK make this assumption because they lack firm-level data on shipments.
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The conclusion we draw from our analysis is that, at the firm-product-level, the
balls-and-bins model proposed by AK is, in fact, an economic model of the extensive
margin of trade and not a parsimonious statistical benchmark (as suggested by AK).
Because it is an economic model and not a statistical benchmark, we conclude that
it cannot be used “to discern which data moments are informative about the correct
model of the extensive margin” (AK, p. 2128). Like any other economic model, the
balls-and-bins model can have its relative performance evaluated by data, but cannot
evaluate whether the data are “helpful in differentiating models” (AK, p. 2129). As
an economic model of the extensive margin of trade, not surprisingly, balls-and-bins
does not perform well.

I. Data

The data we use are all Chilean export transactions in 2006, available from
Chile’s customs office.? For each transaction in the data, we have information on the
identity of the exporter, the HS 8-digit product classification code of the exported
product, the destination country, and characteristics of the transaction, such as date,
value, etc.

reports summary statistics of the data. In 2006, almost 7,000 Chilean
exporters sold US$55 billion to 181 countries. These exports were classified under
5,218 different HS 8-digit, and 3,551 different HS 6-digit categories respectively.
Following AK, we consider a shipment as “all merchandise sent from one firm to
one foreign consignee, to a single foreign country of ultimate destination, on a sin-
gle carrier, on the same day.” Whenever a transaction comprises more than one prod-
uct, we follow AK and define a shipment as a product-specific transaction. In our
data, this is given by a HS 8-digit code within a customs form (DUS—Documento
Unico de Salida). Based upon this definition, in 2006 there were 575,830 export
transactions, with an average transaction value of US$95,700.

One salient and well-known feature of Chilean export data is the importance
of copper products. The last column in Table 1 shows summary statistics on
Chilean non-copper exports.! This column reveals that copper products account for
50 percent of all Chilean exports in 2006, although copper products are exported by
few exporters who make few but large transactions.

Whether copper exports are included in or excluded from the data set, the num-
ber of Chilean export shipments is small relative to the possible number of prod-
uct-destination pairs. In 2006 there were just over half a million export shipments
from Chile to 944,458 possible (HS 8) product-destination pairs. As a comparison,
AK report that, in 2005, the number of US export shipments were ten times larger
than the number of US product-destination pairs. Therefore, by this metric, Chilean
export data are substantially sparser than the US export data.

Another key feature of US export data that is also present in our data is the skew-
ness of export shipments across destination countries and exported products. The
United States is the most frequent destination for Chilean exports, receiving 23.3
percent of all Chilean export shipments in 2006, followed by Peru (9.1 percent),

3 Servicio Nacional de Aduanas, https://www.aduana.cl.
#This sample excludes the two main HS 6-digit copper categories: 740311 and 260300.
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TABLE 1—CHILEAN EXPORT DATA: SUMMARY STATISTICS 2006

All exports Non-copper exports

Number of exporters 6,924 6,912
Exports (USD millions) 55,085 27,537
Number of transactions/shipments 575,830 568,906
Average shipment value (USD thousands) 95.7 48.4
Number of destination countries 181 181

Number of exported products
HSS8 5,218 5,216
HS6 3,551 3,549

Note: Shipment definition: NDUS-HS8-Firm ID.

Source: Chile’s customs office, Servicio Nacional de Aduanas, https://www.aduana.cl

Bolivia (6.0 percent), and Argentina (5.1 percent). The most frequently shipped
among the more than 5,000 exported products account for between 2 percent and
4 percent of all export shipments. It is worth noting that excluding copper trans-
actions does not affect these results, since copper products account for very few
transactions.

In the rest of the paper, we will report results using the non-copper export sam-
ple. We do so to make sure that our findings are not driven by this idiosyncrasy of
Chilean exports. However, we should note that including copper products into the
analysis only strengthens our findings. Moreover, we will show that running AK’s
random trade mechanism in our data produces the same results as they found in US
data.

A. The Content of the Firm-Level Extensive Margin of Trade

AK note that the international trade data are sparse in the sense that the
number of export shipments is small relative to the total number of possible
product/product-country classifications. At the firm level this implies, for instance,
that most exporters do not export most products and do not export to most desti-
nations. Given that inference under sparse data is difficult or even impossible, AK
investigate whether or not the level of sparseness of trade data makes it impossi-
ble to test models of firm-level export behavior. To do so, they propose what they
refer to as “a parsimonious statistical benchmark”—the balls-and-bins model—to
“discern which data moments are informative” (AK, p. 2128). Using US data,
they examine which firm-product-destination export patterns observed in the data
can be reproduced by the balls-and-bins model. Those that can be reproduced by
balls-and-bins, they argue, are not informative about “the correct model of the
extensive margin” (AK, p. 2128).

In AK’s balls-and-bins model, each export shipment is a ball that is randomly
allocated across different bins. Each bin represents a cell in a matrix in which each
row represents a different product exported by any US firm, and each column rep-
resents a different export destination. In other words, each bin represents a different
product-country pairing. In the 2005 US export data there are 8,867 10-digit HS
products and 229 export destinations, resulting in a total of 2,000,000+ bins. The
size of each bin is computed as the share of total US export shipments for that
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product times the share of total US export shipments for that destination country.
This construction guarantees that, with enough shipments, the random allocation
mechanism reproduces the aggregate US export pattern in terms of product and
country shipment share, including those associated with the gravity equation.

Each exporting firm is assigned a number of balls, meant to capture the number
of export shipments it makes. Because AK do not have data on the number of ship-
ments by firm, they cannot assign balls to exporters based on actual shipment data.
Instead they impute a number of balls by assuming that all shipments by all export-
ers are of a constant dollar value, US$36,000. This imputation means that any firm
exporting US$36,000 or less is assigned one ball, while firms with exports between
US$36,000 and US$72,000 are assigned two balls, and so on. Each firm is assumed
to allocate the balls randomly across all possible bins.

The outcomes under a balls-and-bins mechanism can be computed as follows.
Any shipment (ball) represents an export by exporting firm f = 1, 2,...,F of prod-
ucti = 1, 2,...,/to country k = 1, 2,...,K. Let s; be product i’s share of total
export shipments. Then, the probability that a firm, f, with n balls exports product
i only is s/ and the probability that a firm f with n, balls exports a single product

only is le-:l s;. Finally, the expected fraction of firms exporting a single product
becomes % . Zfil {:1 S

The expected fraction of single-destination exporters is computed similarly. Let s;,
be the share of all shipments to country k. The share of firms that export to a single
country is equal to % Z}i] Zszl s'. The share of single product-single destination

. 1 F K I
exporters is computed as - Zle Zk:l Z,»: 1 i, where sy = s; - 8.

The first two columns in[Table 2 summarize empirical regularities 3, 4, and 5 from
AK and the analogous outcomes from the AK balls-and-bins model. So, for instance,
in the data 42 percent of firms export only one product while the balls-and-bins
model predicts 43 percent; the share of total exports accounted for by these firms is
0.3 percent slightly lower than the 0.4 percent in the data. These outcomes lead AK
to argue that the evidence that many exporters sell one product, sell to one country,
and sell one product to one country is not informative in the sense that these export
outcomes are consistent with a purely random process. To illustrate, even if firms
did not face country-specific fixed costs of exporting, many of them should still be
expected to sell to one destination country. In general, these results cast doubts on
the empirical content of the evidence on the extensive margin of trade.

The feature of the data that yields these results is straightforward and is rec-
ognized by AK. Specifically, it is the skewness of the exporter distribution—there
are many small exporters sending one shipment under the constant shipment size
assumption—that enables the balls-and-bins model to match the data. We show
below that this assumption of constant shipment size significantly overstates the
actual number of single shipment exporters in the Chilean data and so biases the
results in favor of the random allocation model.”

shows, for each Chilean exporter in 2000, the relationship between how
much this exporter sells and the average size of its export transactions. The pattern is

3What proves to be important here is not the imputed dollar value but the fact that large and small exporters are
assumed to have a constant shipment size.
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TABLE 2—FIRM-LEVEL RESULTS

US data 2005 (AK 2014) Chilean data 2006
Data Balls and bins Data Balls and bins Balls and bins
imputed balls imputed balls real balls
Single-destination exporters
Fraction of total exporters 64% 45% 52% 48% 25%
Share of total exports 33 0.3 29 0.6 0.2
Single-product exporters
Fraction of total exporters 2% 43% 40% 48% 24%
Share of total exports 0.4 0.3 7.9 0.6 0.2
Single-destination and single-product exporters
Fraction of total exporters 40% 43% 33% 48% 24%
Share of total exports 0.2 0.3 0.9 0.6 0.2

Note: US data 2005 from Armenter and Koren (2014, Table 1).
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FIGURE 1. MEAN TRANSACTION SIZE BY EXPORTER, 2006

Note: Kernel = Epanechnikov, Degree = 0.

clear: large exporters make larger transactions. The systematic relationship between
the size of an exporter and shipment size depicted in Figure 1 rejects the constant
shipment size assumption made by AK. More importantly, it provides evidence con-
sistent with the notion that shipment size (and frequency) is the outcome of econo-
mizing decisions on the part of individual exporters.” In this case, the balls-and-bins
model cannot be considered a purely statistical model since it embodies an eco-
nomic assumption about individual exporter behavior.

©See, for instance, the seminal work of Arrow, Harris, and Marschak (1951) and the literature that followed.
Recently, Hornok and Koren (2015) and Kropf and Sauré (2014) provide evidence that per-shipment costs affect
exporters’ shipment size and frequency.
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This observation, of course, becomes important only if the constant shipment size
assumption is practically relevant in balls-and-bins reproducing the data patterns in
Table 2. If it were the case that, under any assumed relationship between exporter
size and shipment size, a random allocation mechanism could generate the data pat-
terns on the extensive margin of trade, the observation that the balls-and-bins model
is not a purely statistical model would be largely irrelevant: its economic part is not
determinant to its ability to reproduce the patterns on the extensive margin of trade.

The evidence in Figure 1 suggests that this will not be the case. The figure clearly
shows that AK are grossly underestimating the number of transactions made by
small exporters when they assume a constant value of export transactions across
small and large export firms. In the actual shipment data, many small exporters carry
multiple export transactions that often involve the same product and destination.
Indeed, over half of the exporters that would get one ball if shipments were allo-
cated based on a constant transaction size equal to US$48,400—the average in the
data—actually make multiple shipments. Of these, 25 percent are single product
exporters, 63 percent export to a single destination, and almost 20 percent are single
product and single destination country exporters. In a random setting, almost surely
these multiple shipment firms will not be single product and single destination
exporters, which will generate a mismatch between the data and the balls-and-bins
model.

To confirm that the assumption about the relationship between exporter size and
shipment size has a material impact on the predictions of a balls-and-bins model,
we re-simulate the model, assigning shipments to firms based on the actual ship-
ment data.’ This re-simulation is performed at the exact same level of aggregation
as the one performed by AK, i.e., the shipment level. The only difference is that AK
assume that shipment sizes are constant across exporters while we use the actual
shipment sizes, which vary across exporters in a systematic way.

The last three columns in Table 2 show, respectively, the key empirical regulari-
ties in the Chilean data, and simulations of the balls-and-bins model for the Chilean
data using constant- and actual-size shipments. The third column in Table 2 shows
the actual Chilean data in 2006, where 52 percent of exporters sell to a single desti-
nation, 40 percent sell a single product, and 33 percent sell a single product to a sin-
gle destination country. The next column shows the balls-and-bins model when we
assume, as AK does, that all export shipments are of the same dollar value (the aver-
age shipment size). In this case, the balls-and-bins model closely matches the share
of single-destination exporters, and it even overpredicts the number of single-product
and single-product-single-destination exporters. As in AK, the high incidence of
single-destination, single-product, and single-product-single-destination exporters
observed in trade data can be generated by the random setting when shipment sizes
are assumed to be constant.

The last column of Table 2 reports the results when we use the actual shipment
data for each exporter. The modified balls-and-bins model consistently misses the
data. It predicts that exporters with multiple balls export many products to many
destinations. However, in the data, a large share of small exporters with multiple

7In this simulation, firms are assigned their actual number of shipments as well as their actual shipment sizes.
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shipments are single product and/or single destination firms. These patterns cannot
be replicated by the model. Likewise, the number of single-destination single-product
firms is markedly smaller than in the data (and also than in the constant shipment size
balls-and-bins model, which predicts a very large number of firms in this category).

These simulations demonstrate that assumptions about the way that exporters
determine shipment size—economic modeling assumptions—are not innocuous to
the ability of the balls-and-bins model to reproduce key data patterns on the exten-
sive margin of trade. This fact leads us to conclude that the balls-and-bins model of
AK is not just a statistical benchmark model but rather a simple economic model,
with its assumption on the economic behavior of exporters in determining shipment
size being fundamental to its ability to reproduce key aspects of the data.

II. Conclusion

In this note we show that the assumption made by Armenter and Koren (2014)
in their model of country-product-firm trade, namely that export shipment size is
constant across all exporters, is both not supported by the data and crucial to their
results. In the Chilean data, shipment size is increasing in exporter size. Further,
when actual shipment data are used to determine the number of balls assigned to
each firm, a ball-and-bins model significantly underestimates the fraction of single
product, single country exporters.

Perhaps more importantly, any assumption on shipment size, whether constant
or increasing in exporter size, is an assumption about the economizing behavior of
export firms. As a consequence, whether one utilizes the actual shipment data or
some other assumption on shipment size, the resulting balls-and-bins model is not
a purely statistical benchmark for evaluating trade zeros in the data. One way or
another, the model incorporates the economic decision of firms on the frequency of
their shipments and these decisions matter to the balls-and-bins outcome. As such,
the balls-and-bins model is correctly described as an economic model. Like any eco-
nomic model, balls-and-bins can be evaluated by how well it matches the data but
cannot be used to evaluate whether the data are “helpful in differentiating models”
(AK, p. 2129).

A comparison with the Ellison and Glaeser model is informative on this point.
In their approach, the map of the United States has exogenously given topography
and state boundaries and a dart is only a metaphor for a random matching process
between firms and locations. In short, there is no economic content whatsoever in
this random location choice process. For this reason, the outcome of the process
can be utilized as a benchmark for a dataset for the United States. The random
benchmark can be built into an agglomeration index that shows, for any dataset,
the degree of agglomeration beyond the random benchmark. This is not the case
for the balls-and-bins model because balls in the balls-and-bins model have real
economic meaning and content. In particular, a firm’s decision on shipment sizes

8 More generally, we can ask whether exporting firms specialize in destination countries and products in a way
that is inconsistent with the random allocation mechanism. The data strongly show that both small and large Chilean
exporters are much more specialized than a random allocation model of trade would suggest. These results are not
reported to conserve space but are available upon request.
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and frequencies (the balls) are jointly determined with the products shipped and
destinations served (in aggregate, the bins) by a set of underlying economic factors.

The fact that the number of balls is not independent from bin characteristics (and
even bin labels) implies one of two possible approaches to a balls-and-bins analysis.
In the first one, the economic factors that determine shipment sizes and frequencies
(i.e., the balls) are imposed during the allocation of balls to bins. In this case, the
balls-and-bins outcome is not a purely random benchmark. Alternatively, the eco-
nomic factors that determine shipment sizes and frequencies are not imposed during
the allocation of balls to bins. In this case, the benchmark generated is random, but
it is not useful as a benchmark, and the model is nothing more than a formal data
diagnostic tool. To illustrate this latter point, suppose that the actual distribution of
shipment sizes and frequencies consists of many single-shipment firms and that this
is the result of the characteristics of the products being exported and the countries
they are being exported to. If we simulate the balls-and-bins model using this actual
distribution of shipment sizes and frequencies, because of the random assignment
process, the outcome of the simulation is likely to be a different set of products and
countries. However, were the same firms exporting those products to those countries,
they likely would not have chosen the distribution of shipment sizes and frequencies
(i.e., balls) used in the simulation. In other words, the products exported and the
countries served by firms in the simulation will be inconsistent with the observed
shipment sizes and frequencies in the data. In this case, the random “benchmark”
outcome generated by the balls-and-bins analysis cannot be claimed to be a useful
benchmark for the choices observed in the actual data.
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