
Measuring the Impact of Agricultural Production
Shocks on International Trade Flows ∗

Shon Ferguson † Johan Gars ‡

Research Institute of GEDB, Royal Swedish

Industrial Economics (IFN) Academy of Sciences

January 2017

Abstract

The purpose of this study is to measure the sensitivity of trade volumes
and trade unit values to agricultural production shocks. We derive a gravity
model of trade with two new features. First, the model assumes perfectly in-
elastic supply, which captures the short-run nature of year-to-year production
shocks and has important implications for levels of regression coefficients and
how they can be used to measure the elasticity of substitution. Second, the
presence of per-unit trade costs implies that, in percentage terms, unit values
based on importing country data (including trade costs) should react less to
production shocks than unit values based on exporting country data (exclud-
ing trade costs). Using bilateral trade flow data for a large sample of countries
and agricultural commodities we find empirical support for the predictions of
the model, with relatively high substitutability between varieties of crops dif-
ferentiated by country of origin and quantitatively large per-unit trade costs.
Our framework provides a new method for measuring substitution elasticities
and per-unit trade costs using international trade data. Furthermore, our re-
sults suggest that trade frictions limit the role of international trade as way
of coping with production volatility.
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The recent volatility in food prices has brought issues of food security to the

forefront of the policy debate. Agricultural production is sensitive to weather con-

ditions and it is negatively affected by extreme weather events. As climate change

progresses, many types of extreme weather events such as heat waves, droughts and

floods are expected to become more frequent (IPCC, 2013) which may contribute

to food-price volatility in the years to come.1

International trade in food is one potential mechanism to mitigate the effects of

production volatility.2 Countries that experience a negative shock to agricultural

production can reduce volatility in consumption by importing the products that

they need. With this in mind, we will here consider how the effects of agricultural

production shocks are propagated between countries through trade via their impact

on quantities traded and the prices at which they trade, commonly referred to as

“trade unit values”.

In order to guide our empirical analysis we set up a general-equilibrium model of

trade whereby production shocks in exporting countries affect both traded quantities

and trade unit values. The model yields regression equations similar to standard

gravity models. Two features of the model are adapted for our current analysis.

First, our model assumes a perfectly inelastic short-run supply, with the prediction

that a one percent change in the quantity produced translates into a one percent

change in traded quantities and a 1/σ percent change in trade unit values, where

σ is the elasticity of substitution. In contrast, a standard gravity model of inter-

national trade with iceberg trade costs and perfectly elastic supply predicts that a

one percent change in productivity (unit costs) leads to a one percent change in

trade unit values and a σ percent change in traded quantities. When considering

short-run fluctuations in production of the kind we do, it seems more reasonable

to consider production as the exogenous variable and then let prices and traded

quantities adjust. Assuming that there scope for substitution (i.e. a relatively large

σ), the difference in prediction is sizable and the coefficient estimates can validate

our modeling approach.

1The connection between climate change and food production is a well researched topic within
crop science. For example, Schlenker and Roberts (2009) find that temperatures above a certain
threshold are very harmful to corn, soybean and cotton yields. IPCC (2014) provide an overview
of the main results and a more detailed synthesis can be found in the full IPCC report. The
importance of the connection from an economics perspective has also been long recognized. There
are a number of papers investigating the role of trade as a means of adaption (see, e.g., Reilly and
Hohmann, 1993; Rosenzweig and Parry, 1994; Tsigas et al., 1997; Randhir and Hertel, 2000).

2At least with well-functioning markets. See Gars and Spiro (2016) for an example of how trade
may exacerbate shocks if production relies on renewable resources with imperfect property rights.
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Second, we add per-unit trade costs to the model, which allows us to consider

the difference in effects of production shocks on CIF (“Cost Insurance Freight”-

including trade costs) and FOB (“Free On Board”-excluding trade costs) unit values.

In particular, the presence of per-unit trade costs implies that the relative change

in CIF unit values following production shocks should be smaller since the per-unit

trade costs are not affected and dampen the effect in percentage terms. In contrast, a

standard gravity model with only iceberg trade costs would imply that the elasticity

of trade with respect to production should be the same for CIF and FOB unit

values (since they are then proportional). Per-unit trade costs have been found to

be quantitatively large in international trade of manufacturing goods (Irarrazabal

et al., 2015), and given the bulky nature of agricultural commodities we expect that

per-unit trade costs are a nascent feature of international agricultural trade.

Using data on bilateral trade of agricultural commodities, our goal is to estimate

the sensitivity of trade volumes and trade unit values to fluctuations in production.

In our baseline approach we exploit year-to-year changes in production, using yield

per acre as our instrument for production. While yields can be influenced by prices

in the medium- to long-term (Miao et al., 2016), Roberts and Schlenker (2013) find

that detrended yield shocks appear to stem mainly from random weather shocks,

with little risk that short-run yield fluctuations are endogenously determined by

prices. We exploit the year-to-year variation in production between crops in the

same country, which allows us to disentangle the effect of production on trade from

other factors that vary by country and year, such as macroeconomic shocks. Since

we do not observe actual prices in the trade data, we calculate the average price of

trade flows, which we refer to as trade unit values in the rest of the paper.

Our regression results yield three main findings. First, yield shocks translate

almost one-to-one into changes in production. The effects of these shocks on traded

quantities are around one while the effects on unit values are significantly smaller.

Hence the estimates support our modeling of short-run supply as being inelastic

(but affected by productivity) with good (but imperfect) substitutability between

varieties of a given crop differentiated by country of origin. Second, while the effects

of productivity shocks on produced quantities are close to one, the effect of produc-

tions shocks on traded quantities are still significantly smaller than one. Given that

trade in agricultural commodities is small compared to total production, the result

for traded quantities suggests that trade is relatively unresponsive to production

shocks. The estimates thus suggest that there is room for improving trade as a

mechanism for coping with food-production volatility. Third, there is a difference
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between effects of productivity shocks on CIF and FOB unit values, which implies

the presence of large per-unit trade costs. The difference in the point estimates for

the CIF and FOB unit-value regressions allows us to calculate the average size of

per-unit trade costs in the data, and the point estimates indicate per-unit trade

costs that are 30-50% of import unit values.

Our use of production shocks and trade unit values to quantify per-unit trade

costs is new, and builds on earlier literature that highlights the impact of per-unit

trade costs on the pattern of trade. Hummels and Skiba (2004) show that the

presence of per-unit trade costs encourages firms to export high-value-goods, which

became known as the “Washington apples effect”. Our work focuses on the impor-

tance of per-unit costs for understanding the pass-through of production shocks,

and complements work by Chen and Juvenal (2016) who find that real exchange

rate shocks in the presence of destination-country per-unit trade costs leads to more

pricing-to-market for high quality goods, using evidence from international trade in

wine.

Our gravity model of trade with inelastic supply contributes to a recent lit-

erature that relaxes the assumption of perfectly elastic supply (Vannoorenberghe

(2012), Soderbery (2014), Soderbery (2015)).3 We estimate substitution elastici-

ties by directly exploiting data on observed production shocks, which departs from

the standard approach in the international trade literature pioneered by Feenstra

(1994) that infers unobserved supply shocks by combining trade unit value and trade

volume data.4

Our study is also related to a growing literature on food-price volatility, particu-

larly those studies that focus on transmission of productivity shocks via international

trade. While many studies have measured the pass-though of world prices to do-

mestic prices (Mundlak and Larson, 1992; Baffes and Gardner, 2003; Dawe, 2008;

Ferrucci et al., 2012; Imai et al., 2008; Yang et al., 2015), few have considered the

implications of trade costs on the magnitude of price pass-through.

The paper most related to our work is Reimer et al. (2009), who adapt the

Eaton and Kortum (2002) model of Ricardian trade to estimate the effect of higher

yield volatility on trade and welfare. They find that increased yield volatility would

lead to increased trade, and that the welfare losses from increased volatility are

3Inelastic supply has been posited as an explanation for understanding low cost-price pass-
through in the literature, in addition to the mechanisms of price rigidities and vertical restraints
(Bonnet et al., 2013).

4Feenstra’s (1994) methodology has been used in several studies, including Broda and Weinstein
(2006), Chen and Novy (2011) and von Cramon-Taubadel et al. (2016).
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amplified by trade costs. Their study uses one year of cross-section data on trade

and production to calibrate the model and then explores various counterfactual

scenarios to make inferences on the pattern of trade and production. In contrast,

our study uses historical panel data on production to explore the effectiveness of

trade to adapt to short term (year-to-year) production variations. Another related

study by Reimer and Li (2010) estimate and simulate a Ricardian-based model of

the world crop market. They find that trade in crops is significantly lower than what

it would be in a frictionless world. They also find that distance limits the extent

by which changes in one country are transmitted to others. Our finding that trade

responds little to short term fluctuations in produced quantities is complementary

to their findings.

Lybbert et al. (2014) analyze whether the staggered growing seasons for wheat

and soybeans in the southern and northern hemispheres helps to deal with pro-

duction shocks. In particular, since the growing seasons are displaced by about a

half year between the northern and southern hemisphere, the farmers on one of the

hemisphere have time to react to production shocks on the other hemisphere and

partially smooth global production. They find evidence of such smoothing.

Trade as a way of dealing with climate-change-induced changes in growing con-

ditions has also been considered by Costinot et al. (2016). Their analysis combines a

calibrated Ricardian model of international trade with climate-change scenarios and

agricultural models. They find, among other things, that adapting through changes

in growing patterns is more important than changing the trade patterns. Our study

is different from theirs in that we focus on the year-to-year fluctuations to which

adaptation through changes in production patterns is much less feasible and adap-

tation must primarily occur through trade or consumption adaptation. Our results,

however, reinforce their prediction that international trade in agricultural products

plays a relatively small role in adapting to future climate shocks. Our work is also

complementary to Dingle et al. (2016), who also consider the role of trade costs in

limiting trade as an efficient means of coping with productivity shocks. Using the

phenomena of El Niño and La Niña they find that geographical correlation of shocks

combined with trade costs increasing in geographical distance pose a problem for

trade as a mechanism for coping with shocks.

Jones and Olken (2010) investigate the effects of weather on exports. They

find that in poor countries, higher temperature is associated with lower exports,

especially for agriculture and light manufacturing. Compared to their analysis we use

exogenous variation in production and consider how changes in production translate
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into changes in prices and traded quantities.

Conceptual Framework

We set up a gravity model of trade based on CES utility with consumer preference

assumptions that follows the seminal work of Anderson (1979). Consider a trade

economy where there is a set J̄ of different countries. The income in country j is

Yj. There is a set Ḡ of different categories of goods. Within each category of goods,

different types of goods are distinguished by country of origin. Let the produced

quantity of good g ∈ Ḡ in country i ∈ J̄ be Xgi. Let cgij denote consumption

in country j of the good of type g produced in country i and let the price of this

good, in country j, be pgij. We assume a nested structure for the preferences over

consumption of the different goods. In particular, the utility of the representative

household in country j from consuming the basket (cgij)i∈J̄ ,g∈Ḡ is

U ((cgij)g,i) =
∏
g∈Ḡ

C
αg
gj ,

where ∑
g∈Ḡ

αg = 1 (1)

and

Cgj ≡

[∑
i∈J̄

c
σ−1
σ

gij

] σ
σ−1

. (2)

Hence, the utility-maximization problem facing the representative household in

country j is

max
(cgij)g,i

U ((cgij)g,i) s.t.
∑

i∈J̄ , g∈Ḡ

pgijcgij ≤ Yj. (3)

Solving this problem yields that a the share of income spent on goods of type g is

αgYj.
5 This implies that, as long as we disregard potential changes in overall income

Yj, we can treat the different types of goods (where the categories are denoted by g)

separately and we drop the subscript g from the notation. The demand in country

j for the good (of type g) from country i, ci,j, is given by

cij =
αYjp

−σ
ij

P 1−σ
j

, (4)

5See appendix A for the derivations.
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where

Pj ≡

[∑
i∈J̄

p1−σ
ij

] 1
1−σ

(5)

is the price index in country j (for goods in the considered category g).

There are two types of trade costs: proportional (iceberg) τij and per unit tij.

The internal trade cost in country i is normalized by setting tii = 0 and τii = 1. The

price in country j is then

pij = τijpii + tij (6)

and the price index (5) becomes

Pj =

[∑
i∈J̄

(τijpii + tij)
1−σ

] 1
1−σ

. (7)

We now turn to the supply-side of the model. Much of the international trade

literature imposes constant marginal costs and markup pricing (Helpman and Krug-

man, 1985) based on equation (4). Although the constant marginal cost assumption

is relevant in some contexts, we argue that it does not capture the nature of short-run

supply for agricultural commodities. Our framework differs by assuming a perfectly

inelastic supply function, which captures the short-run nature of year-to-year supply

shocks. As discussed above, this is intended to capture that short run fluctuations

in yield give rise to exogenous variation of produced quantities. In the model, this

is done by imposing market-clearing conditions.

If Xi is the produced amount of the good in country i then the market-clearing

condition is Xi =
∑

j∈J̄ τijcij. Using (4) gives6

Xi =
∑
j∈J̄

αYjτijp
−σ
ij

P 1−σ
j

. (8)

This yields a system with one equation per country producing the good in the prices

pii (also one per country producing the good). The incomes, Yj, and the trade costs

τij and tij are constant parameters. We are interested in seeing how changes in

the produced quantities Xi affect the equilibrium. We can do this by assuming

exogenous changes in the produced quantities and derive the endogenous responses

of prices and traded quantities. In general this is difficult and we will first consider

6Note that we here assume that iceberg trade costs entail physical losses of the shipped product
(which is the conventional way of treating them). For the per-unit costs, we do not assume any
physical losses. This simplifies the analysis but does not affect the results.
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a special case.

Equilibrium Without Trade Costs

Without trade costs, τij = 1 and tij = 0 for all i, j, and the price index (7) is

independent of j so that we can write Pj = P for all i. Furthermore, the price of

variety i is the same in all countries j so that pij = pii for all j. The market-clearing

conditions (8) then imply

Xi =
∑
j∈J̄

αYjp
−σ
ii

P 1−σ =
αp−σii

∑
j∈J̄ Yj

P 1−σ . (9)

Solving for the price pii relative to the price index P gives

pii
P

=

(
α
∑

j∈J̄ Yj

PXi

) 1
σ

. (10)

Equation (9) can also be solved for p−σii /P
1−σ. Substituting the resulting expression

in (4) gives

cij =
Yj∑
j′∈J̄ Yj′

Xi. (11)

The representative household in each country thus consumes its income share of the

total endowment of each good.

On the left-hand sides of our regressions, we will be using either trade flows or

prices at which trade is made. In order to eliminate the unobserved price index P

we employ an odds ratio gravity specification, where we estimate the ratio of trade

between country i and j and between reference exporter country k and j. Following

Feenstra (1994), the reference exporter country is a country k from which country j

imports the considered good in as many years as possible in the data. Based on (10)

and (11), the model without trade costs yields the following equations corresponding

to such regression equations:

log

(
cij
ckj

)
= log(Xi)− log(Xk) (12)

log

(
pij
pkj

)
= − 1

σ
log(Xi) +

1

σ
log(Xk). (13)

The theory predicts that the coefficients on log(Xi) and log(Xk) will, in absolute

terms, be equal to 1 in the quantity regressions and 1/σ in the price regressions.
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This should be compared to the predictions of a model with constant unit costs

where the coefficients instead would have been σ and 1 respectively.

Adding Trade Costs

In this section we consider the case with trade costs (both ad valorem and per-

unit trade costs). Solving analytically for the case with inelastic supply is then no

longer possible. We can, however, derive some testable predictions. In particular,

we can derive the expected relation between the coefficients in the quantity and

price regressions and predictions that allow us to test for the presence of per-unit

trade costs.

The demand function (4) gives

cij
ckj

=

(
pkj
pij

)σ
, (14)

which implies that the relationship between the coefficients of the price and quantity

regressions are the same as in (12) and (13).

The prices pkj and pij are the prices paid in the importing country (including

trade costs) and thus correspond to the CIF unit values in the data. We also have

data on the FOB unit values. The differences between the two unit-value measures

are the trade costs. In particular, the CIF price for the trade flow from country i

to country j is pij while the FOB price is pii. Consider now the effect of a change

in some production X on the prices. Using (6), the difference between the effect on

the logs of the ratios of CIF and FOB prices is

pkj
pij

d

dX

pij
pkj

=
1

pij

dpij
dX
− 1

pkj

dpkj
dX

=
τijpii

τijpii + tij

1

pii

dpii
dX
− τkjpkk
τkjpkk + tkj

1

pkk

dpkk
dX

. (15)

If there are no per-unit trade costs (tij = tkj = 0), then the effects on CIF and

FOB prices should be the same (since the ratios in front of the derivatives are then

equal to one). With strictly positive per-unit trade costs, we expect the effects on

CIF unit values to be smaller than the effects on FOB prices (since the per-unit

trade costs dampen the effects of price changes in percentage terms). The (relative)

difference between the coefficients then measures the size of the per-unit trade costs.
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Data and Descriptive Statistics

For our empirical analysis we combine country-level data on food production and

yields with data on bilateral trade flows. The country-level data on food production

and yields is taken from the FAOSTAT database. Production data is reported in

tonnes, while yield data is reported in tonnes per hectare. Figure 1 illustrates that

the data exhibits significant variation in yield over time.

The aggregate bilateral trade unit-value data is taken from CEPII’s Trade Unit

Values (TUV) Database, which is available for the years 2000-2013 at the 6-digit HS

product level. The database reports unit-value data in term of Free On Board (FOB)

and Cost Insurance Freight (CIF). FOB unit values reflect the price when the good

leaves the exporting country, while CIF unit values reflect the price when it arrives

at its destination. We use traded quantity data directly from the COMTRADE

website for the same years, products and country pairs as the CEPII data. We match

trade flows with exporter and importer production and yield data using FAOSTAT’s

concordance between its own commodity classification and 6-digit HS2007.

We are interested in studying primary agricultural production and thus focus

our analysis on grains, vegetables, fruits and nuts. We do not use processed food

production data in this analysis since the amount of processed food production is

endogenous to trade in primary agricultural commodities. We also disregard animal-

based commodities since it is difficult to interpret year-to-year variations in animal

production in the same way as crop production. A complete list of products included

in the analysis is provided in Appendix B. In addition, we remove trade flows where

the exporting country does not produce the commodity according to FAOSTAT.

There are many instances where country-pairs do not trade certain goods, which

we do not include in the analysis. After all of these restrictions we are left with a

maximum of 280,367 observations for the CIF unit value analysis covering 79 FAO

products, 182 exporting countries and 172 importing countries for the years 2000 to

2013. Descriptive statistics are given in Table 1.

Empirical Specification

We first-difference both our regression equations along the time dimension since our

production variables are not trend stationary.7 First-differencing the data subsumes

7The Hadri LM test statistics for exporter production (∆ ln(Xikt)) and importer production
(Xjkt) are 26.89 and 35.22 respectively, which rejects the null hypothesis that all panels are sta-
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Figure 1: U.S. wheat yields, 2000-2013. Source: FAOSTAT

the panel (exporter-reference country-product) fixed effects and thus controls for all

time-constant variation along the country-pair-product dimension, including bilat-

eral distance. The regression analysis for traded quantities take the following form,

following (12):

∆ ln
(
qijgt
qkjgt

)
= β0 + β1∆ ln (Xigt) + β2∆ ln (Xig,t−1) + β3∆ ln (Xkgt)

+β4∆ ln (Xkg,t−1) + αit + αkt + εijgt,
(16)

where qijgt/qkjgt is the quantity traded from exporter country i to importer country

j of product g in year t, divided by the reference country k’s trade. ∆ ln(Xigt)

and ∆ ln(Xig,t−1) are the percent changes in production in exporter country i of

product g in year t and t−1 respectively, while ∆ ln(Xkgt) and ∆ ln(Xkg,t−1) are the

percent changes in production in reference country k of product g in year t and t−1

respectively. We instrument production using contemporaneous and lagged yield

data, which is important to remove any endogeneity of trade on seeded acreage.

According to Roberts and Schlenker (2013), year-to-year variation in yields is mainly

tionary. We perform the test on 2021 time series for which there are no missing year observations.
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Table 1: Descriptive statistics

Variable Obs. Mean St. dev. Min Max

CIF unit values, USD: pijkt,CIF 135124 1872.6 3264.6 16.4 297692.2
Ref. country domestic price (USD): pkjkt 135124 1754.0 2896.2 16.4 297692.2
Unit value ratio: pijkt,CIF /pkjkt 135124 1.69 2.85 0.010 182.7
Quantity traded, th tonnes: qijkt 135124 12.3 209.7 0 25009.8
Ref. country quantity traded th tonnes: qkjkt 135124 16.8 178.6 0.000021 11190.5
Quantity ratio: qijkt/qkjkt 135124 65.2 4373.3 0.00000032 1069841.5
Exporter production, million tonnes: Xikt 135124 3.53 19.8 0.0000010 734.0
Ref. country production, million tonnes: Xikt 135124 3.54 14.9 0.0000050 396.0
Exporter yield, tonnes/Ha 135124 21.7 93.4 0.0056 4470.6
Ref. country yield, tonnes/Ha 135124 19.6 74.9 0.039 4470.6
Exporter pop. (millions) 135124 140.3 307.3 0.068 1324.4
Ref. country pop. (millions) 135124 144.4 327.4 0.068 1324.4
Exporter GDP per capita (th USD) 135124 20.5 12.5 0.11 124.3
Ref. country GDP per capita (th USD) 135124 20.6 11.8 0.11 47.4
Based on observations from column (4) of Table 3.

caused by short term fluctuations in growing conditions. Exporter-year and reference

country-year fixed effects subsume the GDP and wage terms, and are denoted by αit

and αkt. We include lagged production terms since many commodities are storable

and experience long time lags due to transportation, implying that production the

previous year can affect current trade patterns. This is especially important in the

Northern Hemisphere where many crops are harvested in the fall and then exported

the next calendar year. The combination of first-differencing and using lags requires

that a country-pair must produce and trade a particular good for at least three

years in a row in order to be included in the regression. We thus explore the

product-country intensive margin of trade in this study. Country-year fixed effects

are necessary in order to control for any unobserved country-year variation that can

explain trade flows or prices, including inflation. The combination of exporter-year

and reference country-year fixed effects also controls for the effect of exchange rates

on trade and prices, and also subsumes the national wage and GDP terms from

equation (4).

First-differencing the trade unit value regression equation (13) and adding exporter-

year and reference country-year fixed effects yields the regression equation for our

analysis of unit values:

∆ ln
(
pijgt
pkjgt

)
= β0 + β1∆ ln (Xigt) + β2∆ ln (Xig,t−1) + β3∆ ln (Xkgt)

+β4∆ ln (Xkg,t−1) + αit + αkt + υijgt,
(17)
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where pijgt/pkjgt is the trade unit value from exporter country i to importer country

j in product k in year t, divided by the reference country k’s trade unit value.

The coefficients from these regressions reflect the impact of production shocks

on changes in the ratio of import prices from countries i and k. As discussed in

the conceptual framework, higher production in exporting country i should increase

qijgt/qkjgt and decrease pijgt/pkjgt, while higher production in the reference country

k should decrease qijgt/qkjgt and increase pijht/pkjgt.

Empirical Analysis

We begin with the regression results for traded quantities and trade unit values

using bilateral trade data at the country level. Our variables of interest are current

and lagged year-product-country-specific production.

Production Shocks and Relative Traded Quantities

We first investigate the effect of production shocks on traded quantities in order to

establish some stylized facts about trade volumes. The results for traded quantities

are presented in Table 2. In column (1) of Table 2 we present the results using

first-differenced data but without any additional fixed effects. In each successive

column we add more fixed effects until we arrive at our preferred specification. Year

fixed effects are added in column (2), which controls for changes in any unobserved

covariates that affect all countries and products, such as the global business cycle. In

column (3) we add importer and exporter fixed effects, which controls for differential

trends between countries caused by domestic factors such as the institutional envi-

ronment that may impact traded quantities or unit values. In column (4) we include

exporter-year and importer-year fixed effects, which control for any country-specific

variation over time that affects traded quantities or unit values of all commodities.

Country-level macroeconomic shocks would be captured by the exporter-year and

importer-year fixed effects, as would any weather event that affected exports of all

crops. The fixed effects used in column (4) thus allow us to exploit the variation in

production between crops in the same country. The combination of first-differencing

and country-year fixed effects follows the work of Baier and Bergstrand (2007) in

a gravity equation context. We instrument production in the exporting countries

using average yield in all specifications in order to ensure that production variation

is not reflecting changes in planted acreage, which may be endogenous to commodity
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prices and trade flows. The individual F-statistics suggest that the yield instruments

are strong. The results from the first stage of the regression are given in Table B.2.

The point estimates in Table 2 suggest that a one percent increase in exporter

production leads to a 0.31 percent increase in relative trade quantities the same year

and a further 0.23 percent increase the following year. For the reference country,

the effect is 0.29 percent in the same year and 0.29 percent for the lag.

As a robustness check, we estimate the effect of production shocks on traded

quantities by product group and country characteristics. In Table B.3 we present the

subsample results separately for grains, vegetables and fruits. The point estimates

suggest that production shocks in both exporter countries and reference countries

affect trade in grains and fruits, while the effects for vegetables are insignificant.

Comparing the results for grains and fruits we can see that if the effects over two

years are summed they are of similar size but the time profiles are quite different.

For grains, lagged production shocks matter as well, while in the case of fruits

the contemporaneous shocks are much more important. This difference is consistent

with grains being significantly more storable than fruits. In Table B.4 we present the

subsample results distinguishing between OECD and non-OECD member countries.

Our main result holds regardless of whether the importing and/or exporting country

is an OECD member.

Based on these quantity regressions, we can draw some conclusions. One con-

clusion is that our assumption of inelastic supply seems warranted. Looking at the

first-stage results in Table B.2, we can see that a one percent increase in yield leads

to an about 0.82 percent increase in production. Our assumption is that it should be

one. The first-stage coefficients are thus close to the assumed values. The alternative

assumption of changes in productivity translating directly to changes the marginal

product and the produced quantities adjust would instead imply a coefficient of σ.

The model without trade costs, Equation (12), predicts coefficients on production

equal to one. While the coefficients in Table 2 are relatively close to one, they are

still significantly smaller than one (summed over the two years, they are about one

half). The relationship between exporter production and traded quantities is thus

relatively inelastic. Furthermore, the data suggests that total exports are small

relative to domestic production, which would imply a trade elasticity in excess of

unity. We illustrate the fact that exports are relatively small relative to production

in Figure 2, which ranks exporter-product-year observations by export intensity,

defined as the ratio of total exports to domestic production for each product and

year. This illustrates that exports are small relative to domestic production in
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Table 2: Productivity shocks and import quantities, country-level

(1) (2) (3) (4)

Exporter production: 0.381*** 0.384*** 0.386*** 0.310***
∆ ln(Xgit) (0.0444) (0.0455) (0.0460) (0.0400)

Lagged exporter production: 0.291*** 0.292*** 0.295*** 0.225***
∆ ln(Xgi,t−1) (0.0382) (0.0383) (0.0386) (0.0324)

Ref. country production: -0.329*** -0.330*** -0.343*** -0.285***
∆ ln(Xgkt) (0.0456) (0.0454) (0.0467) (0.0412)

Lagged ref. production: -0.302*** -0.300*** -0.313*** -0.288***
∆ ln(Xgk,t−1) (0.0326) (0.0322) (0.0323) (0.0295)

∆ ln(popi,t) -0.429 -0.397 -0.338
(0.837) (0.819) (0.825)

∆ ln(popk,t) 1.713*** 2.003*** 2.980
(0.648) (0.608) (2.029)

∆ ln(gdppci,t) 0.0186 0.0555 0.0454
(0.130) (0.121) (0.119)

∆ ln(gdppck,t) 0.248** 0.312*** 0.445***
(0.122) (0.118) (0.133)

∆ ln(gdppci,t−1) -0.0492 -0.108 -0.104
(0.0943) (0.0949) (0.0897)

∆ ln(gdppck,t−1) -0.103 -0.233** -0.137
(0.115) (0.104) (0.108)

Fixed effects: year exp.*year
year exporter ref.*year

ref. country
Kleibergen-Paap rk LM stat 47 47 47 46
Kleibergen-Paap rk Wald F stat: 185 179 176 148

Observations 208,888 208,888 208,888 275,888
R-squared 0.003 0.003 0.006 0.040
Notes: Dependent variable is first-differenced ratio of log quantity exported from country

i to country j relative to reference country k, using importer-reported values.

A constant term is included, but not reported, in all specifications

Underidentification is rejected by the Kleibergen-Paap rk LM statistic in all specifications.

Robust standard errors in parenthesis, clustered by exporter country. *** p<0.01, ** p<0.05, * p<0.1
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Figure 2: Distribution of export intensities. Notes: Based on observations from column
(4) of Tables 3. Source: FAOSTAT

the majority of cases in the data. Given that exports tend to be small relative to

domestic production we would expect much higher trade elasticities in a frictionless

world as small percentage changes in production would lead to large percentage

changes in imports or exports in absolute terms. In sum, these results suggest that

the forces of trade costs restrict the role of international trade to smooth out the

year-to-year volatility in production caused by weather and other factors.

Production Shocks and Relative Unit Values

In our unit-value regressions, we first consider CIF unit values. In Equation (14),

the prices on the right-hand side include trade costs and thus correspond to CIF

unit values. Hence, using CIF unit values allows us to back out the elasticity of

substitution parameter σ by comparing the coefficients of the quantity and price

regressions. In the next section we consider the differences between coefficients from

regressions using CIF and FOB unit values.

The results describing the impact of production shocks on CIF relative unit

values are given in Table 3. The dependent variable is first-differenced log of ratios

16



of unit values for exports from country i to country j to unit values of exports from

country k to country j, using importer-reported (CIF) values.

The results indicate that changes in production among exporters influence unit

values, with point estimates that are statistically significant at the 1 percent level

for both contemporaneous and lagged production in the exporter country i. All

production coefficients are statistically different from zero at the 1 percent level and

have the expected signs. The point estimates in column (4) of Table 3 suggest that a

one percent increase in production in country i decreases the ratio by 0.034 percent

in the same year and by 0.022 percent for the lag. For the reference country, the

effect is 0.019 percent in the same year and 0.015 for the lag. These point estimates

are an order of magnitude smaller compared to the quantity regressions, which lends

support to our theoretical model.

As a robustness check, we estimate the effect of production shocks on CIF unit

values by product group and country characteristics. The results are presented in

the Appendix. In Table B.5 we present the subsample results for grains, vegetables

and fruits. Exporter production negatively affects the relative unit values of grains

and fruits, but not vegetables. As a further robustness check we present the sub-

sample results distinguishing between OECD and non-OECD member countries in

Table B.6. The point estimates suggest that the link between exporter production

and relative unit values is more sensitive to country characteristics. In particular,

the results are strongest if both importer and exporter are OECD members and

weakest if both countries are not OECD members. This pattern suggests a positive

correlation between per-capita income and consumer preferences that differentiate

products by country of origin.

Equation (14) from the theory implies that the elasticity of substitution can be

calculated by taking the ratio between the effects in the CIF unit-value and quantity

regressions. By summing the contemporaneous and lagged coefficients from Table 2

and Table 3 and computing the relevant ratios we find that the implies elasticity of

substitution is about 10 in both cases. This is a high value, but seems reasonable

given that we are computing the elasticity of substitution for relatively homogeneous

agricultural commodities differentiated only by country of origin.

Calculating per-unit trade costs

We now exploit the differences in the estimates of effects of production changes on

CIF and FOB unit values in order to compute the size of per-unit trade costs. As
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Table 3: Productivity shocks and (CIF) unit values, country-level

(1) (2) (3) (4)

Exporter production: -0.0470*** -0.0470*** -0.0472*** -0.0336***
∆ ln(Xgit) (0.00913) (0.00897) (0.00905) (0.00791)

Lagged exporter production: -0.0391*** -0.0386*** -0.0394*** -0.0222***
∆ ln(Xgi,t−1) (0.00949) (0.00938) (0.00946) (0.00722)

Ref. country production: 0.0334*** 0.0330*** 0.0335*** 0.0190***
∆ ln(Xgkt) (0.00740) (0.00741) (0.00717) (0.00731)

Lagged ref. production: 0.0341*** 0.0341*** 0.0343*** 0.0145**
∆ ln(Xgk,t−1) (0.00817) (0.00826) (0.00810) (0.00608)

∆ ln(popi,t) -0.392** -0.404** -0.446**
(0.177) (0.173) (0.197)

∆ ln(popk,t) -0.0721 -0.113 -1.674***
(0.164) (0.172) (0.621)

∆ ln(gdppci,t) 0.00942 0.0108 0.00972
(0.0309) (0.0312) (0.0322)

∆ ln(gdppck,t) 0.0435 0.0442 -0.00210
(0.0308) (0.0281) (0.0308)

∆ ln(gdppci,t−1) 0.0235 0.0271 0.0244
(0.0252) (0.0261) (0.0268)

∆ ln(gdppck,t−1) -0.119*** -0.0977*** -0.148***
(0.0320) (0.0333) (0.0386)

Fixed effects: year exp.*year
year exporter ref.*year

ref. country
Kleibergen-Paap rk LM stat 48 48 48 47
Kleibergen-Paap rk Wald F stat: 200 192 187 177

Observations 204,058 204,058 204,058 280,367
R-squared 0.001 0.001 0.003 0.036
Notes: Dependent variable is first-differenced ratio of log unit values for exports from country

i to country j relative to reference country k, using importer-reported (CIF) values.

A constant term is included, but not reported, in all specifications

Robust standard errors in parenthesis, clustered by exporter country.

Underidentification is rejected by the Kleibergen-Paap rk LM statistic in all specifications.

*** p<0.01, ** p<0.05, * p<0.1
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Table 4: CIF versus FOB estimates

(1) (2)
Dep. var: CIF FOB

Exporter production: -0.0394*** -0.0770***
∆ ln(Xgit) (0.00984) (0.0126)

Lagged exporter production: -0.0304*** -0.0449***
∆ ln(Xgi,t−1) (0.00929) (0.0152)

Ref. country production: 0.0296*** 0.117***
∆ ln(Xgkt) (0.0109) (0.00967)

Lagged ref. production: 0.0197** 0.0540***
∆ ln(Xgk,t−1) (0.00884) (0.0104)

Kleibergen-Paap rk LM stat 35 35
Kleibergen-Paap rk Wald F stat: 80 80

Observations 128,043 128,043
R-squared 0.042 0.085
Notes: Dependent variable is first-differenced ratio of log unit values for exports

from country i to country j relative to reference country k, using CIF trade unit values

in column (1) and FOB trade unit values in column (2)

Robust standard errors in parenthesis, clustered by exporter country.

Exporter*year and ref. country*year fixed effects included in all specifications.

A constant term is included, but not reported, in all specifications

Underidentification is rejected by the Kleibergen-Paap rk LM statistic in all

specifications. *** p<0.01, ** p<0.05, * p<0.1

shown in Equation (15), if the effects were the same for both types of unit costs,

this would indicate that per-unit trade costs were insignificant. Table 4 presents the

estimates of the sensitivity of trade unit values to production using both CIF and

FOB unit values. In the table we have restricted the sample to observations where

both types of unit values are available in order to allow for comparison.

Let βCIF and βFOB denote the coefficients from the CIF end FOB regressions

respectively. Based on Equation (15), the relative difference between the estimates

should be
βCIF
βFOB

=
τijpii

τijpii + tij
⇒ tij

τijpii + tij
= 1− βCIF

βFOB
.

Comparing the columns of Table 4, we find that the per-unit trade costs in relation to

the CIF unit value is between 30 and 50 percent.8 This suggests that per-unit trade

8For the contemporaneous and lagged exporter point estimates we calculate 49 and 32 percent
respectively.

19



costs here are quantitatively larger compared to manufacturing, where Irarrazabal

et al. (2015) find that per-unit trade barriers are on average 14 percent of the median

price. These results also underscores the importance of using CIF unit values to

estimate the elasticity of substitution since demand depends on prices including

trade costs.

Conclusion

The purpose of this study is to measure how agricultural trade responds to agricul-

tural production shocks. We find that the unit values of trade flows vary system-

atically with production shocks using aggregate data on a large sample of countries

and internationally traded agricultural commodities. Using an odds ratio gravity

model specification we find that traded quantities and trade unit values respond to

production shocks in exporting countries in a way that is consistent with product dif-

ferentiation by country of origin. Traded quantities are more elastic than trade unit

values, and the difference between the CIF and FOB regression estimates suggests

the presence of large per-unit trade costs. These results support the predictions of

our theory, which assumes perfectly inelastic supply and per-unit trade costs.

The fact that the elasticity of traded quantities with respect to production is

below 1 suggests that trade is relatively insensitive to changes in exporter produc-

tion. This insensitivity could be caused by trade costs that introduces frictions

to the shock transmission process. Overall, the results of the paper suggest that

trade frictions limit the role of international trade as way of coping with production

volatility.

20



References

Anderson, J. E. (1979). A theoretical foundation for the gravity equation. American

Economic Review, 69(1):106–16.

Baffes, J. and Gardner, B. (2003). The transmission of world commodity prices to

domestic markets under policy reforms in developing countries. Journal of Policy

Reform, 6(3):159–180.

Baier, S. L. and Bergstrand, J. H. (2007). Do free trade agreements actually increase

members’ international trade? Journal of International Economics, 71(1):72–95.

Bonnet, C., Dubois, P., Boas, S. B. V., and Klapper, D. (2013). Empirical Evidence

on the Role of Nonlinear Wholesale Pricing and Vertical Restraints on Cost Pass-

Through. The Review of Economics and Statistics, 95(2):500–515.

Broda, C. and Weinstein, D. E. (2006). Globalization and the gains from variety.

The Quarterly Journal of Economics, 121(2):541–585.

Chen, N. and Juvenal, L. (2016). Quality, trade, and exchange rate pass-through.

Journal of International Economics, 100(C):61–80.

Chen, N. and Novy, D. (2011). Gravity, trade integration, and heterogeneity across

industries. Journal of International Economics, 85(2):206–221.

Costinot, A., Donaldson, D., and Smith, C. (2016). Evolving comparative advantage

and the impact of climate change in agricultural markets: Evidence from 1.7

million fields around the world. Journal of Political Economy, 124(1):205–248.

Dawe, D. (2008). Have recent increases in international cereal prices been trans-

mitted to domestic economies? the experience in seven large asian countries.

Technical report, FAO-ESA Working Paper 08-03.

Dingle, J. I., Hsiang, S. M., and Meng, K. C. (2016). Global trade and risk sharing

in a spatially correlated climate. Unpublished working paper.

Eaton, J. and Kortum, S. (2002). Technology, geography, and trade. Econometrica,

70(5):1741–1779.

Feenstra, R. C. (1994). New Product Varieties and the Measurement of International

Prices. American Economic Review, 84(1):157–77.

21



Ferrucci, G., Jimnez-Rodrguez, R., and Onorantea, L. (2012). Food price pass-

through in the euro area: Non-linearities and the role of the common agricultural

policy. International Journal of Central Banking, 8(1):179–218.

Gars, J. and Spiro, D. (2016). Uninsurance through trade. Unpublished working

paper.

Helpman, E. and Krugman, P. R. (1985). Market structure and foreign trade: In-

creasing returns, imperfect competition, and the international economy. MIT

press.

Hummels, D. and Skiba, A. (2004). Shipping the good apples out? an empiri-

cal confirmation of the alchian-allen conjecture. Journal of Political Economy,

112(6):1384–1402.

Imai, K., Gaiha, R., and Thapa, G. (2008). Transmission of world commodity prices

to domestic commodity prices in India and China. Brooks World Poverty Institute

Working Paper Series 4508, BWPI, The University of Manchester.

IPCC (2013). Climate change 2013 the physical science basis : summary for pol-

icymakers : Working Group I contribution to the IPCC fifth assessment report.

WMO, IPCC Secretariat, Geneva.

IPCC (2014). Climate change 2014 Impacts, Adaptation, and Vulnerability : sum-

mary for policymakers : Working Group II contribution to the IPCC fifth assess-

ment report. WMO, IPCC Secretariat, Geneva.

Irarrazabal, A., Moxnes, A., and Opromolla, L. D. (2015). The tip of the iceberg:

a quantitative framework for estimating trade costs. Review of Economics and

Statistics, 97(4):777–792.

Jones, B. F. and Olken, B. A. (2010). Climate shocks and exports. American

Economic Review Papers and Proceedings, 100(2):454–259.

Lybbert, T. J., Smith, A., and Sumner, D. A. (2014). Weather shocks and inter-

hemispheric supply responses: implications for climate change effects on global

food markets. Climate Change Economics, 5(04):1450010.

Miao, R., Khanna, M., and Huang, H. (2016). Responsiveness of crop yield and

acreage to prices and climate. American Journal of Agricultural Economics,

98(1):191–211.

22



Mundlak, Y. and Larson, D. F. (1992). On the transmission of world agricultural

prices. World Bank Economic Review, 6(3):399–422.

Randhir, T. O. and Hertel, T. W. (2000). Trade liberalization as a vehicle for

adapting to global warming. Agricultural and Resource Economics Review, 29(2).

Reilly, J. and Hohmann, N. (1993). Climate change and agriculture: the role of

international trade. The American Economic Review, pages 306–312.

Reimer, J. J. and Li, M. (2010). Trade costs and the gains from trade in crop

agriculture. American Journal of Agricultural Economics, 92(4):1024–1039.

Reimer, J. J., Li, M., et al. (2009). Yield variability and agricultural trade. Agri-

cultural & Resource Economics Review, 38(2):258.

Roberts, M. J. and Schlenker, W. (2013). Identifying supply and demand elasticities

of agricultural commodities: Implications for the us ethanol mandate. American

Economic Review, 103(6):2265–95.

Rosenzweig, C. and Parry, M. L. (1994). Potential impact of climate change on

world food supply. Nature, 367(6459):133–138.

Schlenker, W. and Roberts, M. J. (2009). Nonlinear temperature effects indicate

severe damages to us crop yields under climate change. Proceedings of the National

Academy of sciences, 106(37):15594–15598.

Soderbery, A. (2014). Market size, structure, and access: Trade with capacity

constraints. European Economic Review, 70(C):276–298.

Soderbery, A. (2015). Estimating import supply and demand elasticities: Analysis

and implications. Journal of International Economics, 96(1):1–17.

Tsigas, M. E., Frisvold, G. B., and Kuhn, B. (1997). Global climate change and

agriculture. Global trade analysis: Modeling and applications, pages 280–304.

Vannoorenberghe, G. (2012). Firm-level volatility and exports. Journal of Interna-

tional Economics, 86(1):57–67.

von Cramon-Taubadel, S., Ma, S., and Qu, Y. (2016). Trade costs of heterogeneous

agricultural products. Unpublished manuscript.

23



Yang, F., Bekkers, E., Brockmeier, M., and Francois, J. (2015). Food price pass-

through and the role of domestic margin services. Journal of Agricultural Eco-

nomics, 66(3):796–811.

24



A Deriving the demand functions

The Lagrangian associated with maximization problem (3) is

L =
∏
g∈Ḡ

C
αg
gj +

∑
g

µgj

[∑
i∈J̄

c
σ−1
σ

gij

] σ
σ−1

− Cgj

+ λj

[
Yj −

∑
gi

pgijcgij

]
.

The first-order conditions are

Cgj :µgj = αg
Uj
Cgj

(18)

cgij :λjpgij = µgj

(
Cgj
cgij

) 1
σ

= {(18)} = αg
Uj
Cgj

(
Cgj
cgij

) 1
σ

, (19)

where Uj = U ({cgij}g,i). Total spending on goods of type g is

∑
i∈J̄

pgijcgij =
1

λj
αg

Uj

C
σ−1
σ

gj

∑
i∈J̄

c
σ−1
σ

gij = {(2)} =
1

λj
αgUj. (20)

Total overall spending is

Yi =
∑
g∈Ḡ

∑
i∈J̄

pgijcgij =
1

λj
Uj
∑
g∈Ḡ

αg = {(1)} 1

λi
Uj. (21)

Substituting this in (20) yields

∑
i∈J̄

pgijcgij = αgYj. (22)

Total spending on goods of type g is thus a given share αg of total income Yj. In our

empirical analysis we will focus on variations of production of about 10 percent for

one type of products. The overall effect of this variation on the income of the entire

economy should be relatively small and we will assume that it is zero. Equation (22)

then implies that we can treat different types of goods separately. In the continued

analysis we drop the subscript g from the notation.

Combining (19) and (21) gives

pij =
αYj

C
σ−1
σ

j c
1
σ
ij

.
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This can also be written as

cij = C1−σ
j

(
αY

pij

)σ
. (23)

Using (22), we obtain

αYj = C1−σ
j (αYj)

σ
∑
i∈J̄

p1−σ
ij ⇒ αYj = Cj

[∑
i∈J̄

p1−σ
ij

] 1
1−σ

.

The last factor is the price index defined in (5) and substitutting for this we arrive

at

αYj = PjCj.

Solving for Cj and substituting this in (23) delivers (4).
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B Additional tables

Table B.1: List of FAOSTAT Commodities

Almonds Eggplants Peas, dry

Apples Garlic Peas, green

Apricots Grapefruit and pomelo Pineapples

Asparagus Grapes Pistachios

Avocados Groundnuts, in shell Plums

Bananas Hazelnuts (Filberts) Poppy seed

Barley Hops Potatoes

Beans, dry Kiwi fruit Rapeseed or colza seed

Brazil nuts Leeks and other alliaceous vegetables Raspberries

Broad beans, Green Lemons and limes Rice, paddy

Broad beans, dry Lentils, dry Rye

Buckwheat Lettuce and chicory Sesame seed

Cabbages Linseed Sorghum

Canary seed Maize Soybeans

Carrot Mangoes Spinach

Cashew nuts Mate Strawberries

Cassava Melons, Cantaloupes Sugar beet

Cauliflowers and broccoli Millet Sugar cane

Cherries Mushrooms Sunflower seed

Chestnuts Mustard seed Tangerines, mandarins etc.

Chick-peas, dry Oats Tea

Chillies and peppers (green) Onions, shallots (green) Tomatoes, fresh

Cocoa beans Oranges Triticale

Coconuts Papayas Walnuts

Coffee green Peaches and nectarines Watermelons

Cucumbers and gherkins Pears Wheat

Dates

1 Based on observations from column (4) of Table 3.
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Table B.2: First-stage results

(1) (2) (3) (4)
Dep. var: Exporter Lagged exporter Ref. Country Lagged ref.

production production production production
∆ ln(Xigt) ∆ ln(Xgi,t−1) ∆ ln(Xgkt) ∆ ln(Xgk,t−1)

Exporter yield: 0.829*** -0.0600*** 0.0118** -0.00760*
∆ ln(ψgit) (0.00778) (0.00483) (0.00476) (0.00397)

Lagged exporter yield: -0.00384 0.814*** 0.0148*** 0.00680
∆ ln(ψgi,t−1) (0.00400) (0.00665) (0.00426) (0.00419)

Ref. country yield: 0.0132*** 0.000450 0.828*** -0.0461***
∆ ln(ψgkt) (0.00243) (0.00321) (0.0241) (0.0114)

Lagged ref. yield: 0.0102*** 0.00926*** -0.0155 0.813***
∆ ln(ψgk,t−1) (0.00264) (0.00243) (0.0111) (0.0248)

Observations 204,645 204,645 204,645 204,645
R-squared 0.483 0.488 0.462 0.461
Notes: Dependent variable reported at the top of each column.

Robust standard errors in parenthesis, clustered by exporter country.

Exporter*year and ref. country*year fixed effects included in all specifications.

A constant term is included, but not reported, in all specifications.

*** p<0.01, ** p<0.05, * p<0.1
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Table B.3: Productivity shocks and import quantities by product group,
country-level

(1) (2) (3)
Grains Vegetables Fruits

Exporter production: ∆ ln(Xgit) 0.276*** 0.0734 0.418***
(0.0529) (0.0767) (0.0729)

Lagged exporter production: 0.347*** 0.0486 0.0841
∆ ln(Xgi,t−1) (0.0611) (0.0861) (0.0564)

Importer production: ∆ ln(Xgkt) -0.299*** 0.0800 -0.516***
(0.0490) (0.118) (0.0616)

Lagged importer production: -0.370*** -0.303*** -0.0614
∆ ln(Xgk,t−1) (0.0581) (0.0978) (0.0458)

Kleibergen-Paap rk LM stat 27 26 38
Kleibergen-Paap rk Wald F stat: 52 81 92

Observations 67,540 54,999 112,020
R-squared 0.085 0.095 0.081
Notes: Dependent variable is first-differenced ratio of log quantity exported from country

i to country j relative to reference country k, using importer-reported values.

Exporter*year and importer*year fixed effects included in all specifications.

A constant term is included, but not reported, in all specifications

Underidentification is rejected by the Kleibergen-Paap rk LM statistic in all specifications.

*** p<0.01, ** p<0.05, * p<0.1
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Table B.4: Productivity shocks and import quantities by country, country-level

(1) (2) (3) (4)
Both Neither Exporter Importer

OECD OECD OECD OECD

Exporter production: 0.315*** 0.346*** 0.304*** 0.277***
∆ ln(Xgit) (0.0888) (0.0464) (0.0746) (0.0666)

Lagged exp. production: 0.237*** 0.184*** 0.324*** 0.176***
∆ ln(Xgi,t−1) (0.0703) (0.0516) (0.0612) (0.0527)

Ref. country production: -0.376*** -0.255*** -0.252*** -0.295***
∆ ln(Xgkt) (0.0615) (0.0526) (0.0826) (0.0777)

Lagged ref. production: -0.248*** -0.287*** -0.381*** -0.141**
∆ ln(Xgk,t−1) (0.0523) (0.0588) (0.0627) (0.0575)

Kleibergen-Paap rk LM stat 13 33 10 43
Kleibergen-Paap rk Wald F stat: 35 134 41 124

Observations 54,802 83,375 72,847 64,805
R-squared 0.045 0.076 0.062 0.087
Notes: Dependent variable is first-differenced ratio of log quantity exported from country

i to country j relative to reference country k, using importer-reported values.

Robust standard errors in parenthesis, clustered by exporter country.

Exporter*year and ref. country*year fixed effects included in all specifications.

A constant term is included, but not reported, in all specifications

Underidentification is rejected by the Kleibergen-Paap rk LM statistic in all specifications.

*** p<0.01, ** p<0.05, * p<0.1
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Table B.5: Productivity shocks and CIF unit values by product group, country-
level

(1) (2) (3)
Grains Vegetables Fruits

Exporter production: ∆ ln(Xgit) -0.0153 0.00717 -0.0552***
(0.0141) (0.0282) (0.0169)

Lagged exporter production: -0.0467*** -0.0237 0.0146
∆ ln(Xgi,t−1) (0.0142) (0.0294) (0.0124)

Ref. country production: ∆ ln(Xgkt) 0.0307* -0.0918*** 0.0173
(0.0160) (0.0339) (0.0114)

Lagged ref. production: 0.0401*** -0.0786*** -0.0348***
∆ ln(Xgk,t−1) (0.0139) (0.0276) (0.0116)

Kleibergen-Paap rk LM stat 27 25 37
Kleibergen-Paap rk Wald F stat: 57 160 110

Observations 68,378 51,300 117,635
R-squared 0.083 0.095 0.070
Notes: Dependent variable is first-differenced ratio of log unit values for exports from country

i to country j relative to reference country k, using importer-reported (CIF) values.

Robust standard errors in parenthesis, clustered by exporter country.

Exporter*year and ref. country*year fixed effects included in all specifications.

A constant term is included, but not reported, in all specifications

Underidentification is rejected by the Kleibergen-Paap rk LM statistic in all specifications.

*** p<0.01, ** p<0.05, * p<0.1
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Table B.6: Productivity shocks and CIF unit values by country, country-level

(1) (2) (3) (4)
Both Neither Exporter Importer

OECD OECD OECD OECD

Exporter production: -0.0467*** -0.0245* -0.0284** -0.0289
∆ ln(Xgit) (0.0161) (0.0131) (0.0129) (0.0186)

Lagged exp. production: -0.0366** -0.0139 -0.0113 -0.0244**
∆ ln(Xgi,t−1) (0.0173) (0.0164) (0.0154) (0.0123)

Ref. country production: 0.0440*** -0.000274 0.00309 0.0592***
∆ ln(Xgkt) (0.0146) (0.0160) (0.00928) (0.0210)

Lagged ref. production: -0.000153 0.0161 0.0104 0.0229
∆ ln(Xgk,t−1) (0.0147) (0.0121) (0.0155) (0.0157)

Kleibergen-Paap rk LM stat 13 38 9 41
Kleibergen-Paap rk Wald F stat: 37 154 45 139

Observations 53,716 89,577 69,371 67,637
R-squared 0.040 0.073 0.058 0.071
Notes: Dependent variable is first-differenced ratio of log unit values for exports from country

i to country j relative to reference country k, using importer-reported (CIF) values.

Robust standard errors in parenthesis, clustered by exporter country.

Exporter*year and ref. country*year fixed effects included in all specifications.

A constant term is included, but not reported, in all specifications.

Underidentification is rejected by the Kleibergen-Paap rk LM statistic in all specifications.

*** p<0.01, ** p<0.05, * p<0.1
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