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TRADE Co0STS AND THE GAINS FROM TRADE IN CROP
A GRICULTURE

JEFFREY J. REIMER AND MAN L1

We develop a simulation model of world crop markets that is based upon Ricardian comparative
advantage. We apply the model to twenty-three countries and provide measures of the degree of
globalization in this sector, the gains from trade, and the elasticity of trade volumes to trade costs. The
distribution of the gains from trade across countries is uneven due to important differences in openness
to imports, productivity, and other factors, some of which appear to be related to a country’s level of
development. Distance limits the extent by which changes in one country are transmitted to others.
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Although the theoretical case for the gains
from trade is well established, we know lit-
tle about the empirical magnitude of the gains
from trade and the potential gains from trade
as trade costs fall, particularly for the world
crop sector. In this study we develop a global
simulation model to answer these questions
with respect to international trade in grains and
oilseeds.

Examination of this sector is timely given the
recent upheaval in commodity markets. During
2007-2008, export quantitative restrictions or
export taxes were adopted in many exporting
countries, including Argentina, China, Egypt,
India, Indonesia, Russia, Ukraine, and Vietnam
(Trostle 2008). This exacerbated the thinness of
aworld crop market that is already highly insu-
lated. Global average bound tariffs (the maxi-
mum rate of tariff allowed by the World Trade
Organization for imports from any member
state) are roughly double those in other sectors
of the economy (Effland et al. 2008). Prospects
for further multilateral trade liberalization are
uncertain (McClanahan 2008). Since countries
are often quite hesitant to make concessions
in exchange for trade liberalization in other
countries, it may help to illuminate basic facts
about this sector and get new perspectives on
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the size and distribution of the gains from trade,
by country.

In this study we propose a new conceptual
framework for international crop agriculture
based on the class of Ricardian trade mod-
els developed by Eaton and Kortum (2002;
hereafter EK) and adapted by Bernard et al.
(2003) and Alvarez and Lucas (2005). Unlike
the textbook Ricardian model, in which two
countries each specialize in one of two goods,
these authors model the goods sector as a con-
tinuum, with multiple countries specializing in
sections of this continuum according to com-
parative advantage. While the aforementioned
studies focus on labor usage in manufactur-
ing, we adapt the model to land usage in
crop agriculture. Specialization is determined
by productivity, land endowments, and the
bilateral costs of trade. In many respects, the
model applies more naturally in this setting.
Productivity is determined through a random
draw from country-specific distributions, which
translates nicely to crop yields. Each coun-
try has a chance of being a low-cost supplier
depending on whether it has a bumper crop
or crop failure in a given year. Because of
the availability of comparable international
yield data, we can introduce some innova-
tive ways of estimating parameters of the
model.

The resulting framework provides an alter-
native to computable general equilibrium
(CGE) models (e.g., Hertel 1997). The char-
acterization of the global trading equilibrium
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differs in important ways. For example, coun-
tries specialize in a subset of homogeneous
crops as determined by their productivity dis-
tributions and the costs of trading with foreign
markets. By contrast,most CGE models invoke
specialization through differentiation by coun-
try, following Armington (1969). Relative to
that approach, this model has greater flexibility
in the extent to which trade patterns adjust in
response to shocks to the system.

In this way the framework is more like
a spatial equilibrium model, which allocates
trade flows on the basis of lowest possible
transportation cost (Abbott, Paarlberg, and
Patterson 1988). Unlike spatial equilibrium
models, however, our framework is based on
a gravity model, which does a better job at
replicating and predicting trade flows (e.g.,
Disdier, Fontagné, and Mimouni 2008; Grant
and Lambert 2008). Our gravity model is dif-
ferent from theirs, in turn, in that it is derived
from the trade model used for the simulation
analysis. It incorporates structural parameters
from the yield distributions that govern spe-
cialization. Furthermore, gravity studies tend
to focus only on what gets traded. We allow
the size of the sector to be endogenous and
account for the amount of trade relative to
overall consumption, i.e., the extent of “home
bias” in consumption that is an important area
of research within the international economics
literature.!

While our approach has many strengths, we
are unable to account for every potential chan-
nel by which changes in trade costs affect wel-
fare. For example, we do not account for scale
effects, varietal gains, or pass-through effects,
all of which are associated with imperfect com-
petition. We do not account for the dynamic
gains from trade that may arise from new pat-
terns of investment (Baldwin and Venables
1995). We believe that our static, competitive
model captures much of the gains from trade,
however, since trade costs appear to be par-
ticularly high for this sector, at least when
compared with what EK find for the manufac-
turing sector. The credibility of our results is
enhanced by the fact that we econometrically
estimate the parameters of the model and allow
the data an opportunity to accept or reject a
number of hypotheses.

! The term “home bias” has become commonplace due to studies
by McCallum (1995), among others. He finds that trade between
two Canadian provinces is more than twenty times larger than trade
between a Canadian province and a U.S. state, all else the same.
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Our approach to measuring trade costs
differs from studies that use index num-
bers to measure trade restrictiveness for indi-
vidual countries (e.g., Anderson and Neary
1996; Niroomand and Nissan 1997; Lloyd and
MacLaren 2002; Reimer and Kang 2010). By
contrast, we are interested in the bilateral costs
of trade and how a change of some sort in
one country affects other countries. For exam-
ple, if a large country experiences techno-
logical change, the greatest effect in relative
terms may not be on itself, but on smaller
nations with whom it trades. This point may
not arise when trade restrictiveness indexes
are calculated for individual countries, one at a
time.

While our approach can be used to evalu-
ate specific policy initiatives, in this study we
consider broad definitions of trade costs in
six counterfactual scenarios to illustrate basic
points about the model and the world trad-
ing system. We calculate bilateral iceberg trade
costs using a structural gravity model, which
means that trade costs can include any fac-
tor that restricts trade relative to what would
occur in a completely frictionless trading sys-
tem (Anderson and van Wincoop 2004). Trade
costs can therefore include tariff and non-
tariff policy barriers, freight costs, the time
cost of shipping, information costs, contract
enforcement costs,currency costs,and legal and
regulatory costs.?

In the first two simulations, we compare
observed global trade volumes with those that
would occur under zero trade cost and autar-
kic equilibria. We find far less trade than one
might expect given the large degree of varia-
tion in crop prices, land rental rates, and crop
yields across countries (the coefficient of vari-
ation in yields across countries averages 47 %
for our sample of crops). We show that the
aggregate international crops market is quite
thin, with observed trade volumes only one-
fifteenth of that which would occur under cost-
less trade. The volume of trade, in turn, is elastic
to small changes in trade costs. A 1% reduc-
tion in aggregate trade costs increases world
trade volumes 2.0-2.5%. We compare our
results for alternative parameterizations of the
model.

2 Tceberg trade costs are calculated as an ad valorem tax equiv-
alent, implying that pricier goods are costlier to trade. In practice,
trade costs are a mixture of per unit (specific) and ad valorem
rates. The role of per unit trade costs may matter most at highly
disaggregated product levels (Irarrazabal, Moxnes, and Opromolla
2010).
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In the third and fourth simulations, we distin-
guish trade costs that are in principle reducible,
such as tariffs, from those that are difficult to
reduce, such as transportation costs. We find
that small reductions in reducible trade costs
can lead to big welfare gains. This is mainly
because consumer prices in most countries can
potentially fall a great deal from present levels.
We show how the results are affected by vari-
ations in how easy it is to bring new cropland
into production.

The final two simulations examine how
changes in supply in one country affect the
welfare of other countries. Distance in partic-
ular can greatly reduce the extent by which an
event in one country is transmitted to others.
The distribution of the gains from trade also
depends on characteristics such as a country’s
competitiveness in the crop sector and its trade
costs with major trading partners. Many of the
phenomena that we observe appear to have a
relationship with national per capita income.
The countries that are most productive at pro-
ducing grains and oilseeds and that export a
higher than average share of production are
more likely to be at the high end of the global
income distribution. The countries most open
to imports are also more likely to be at the high
end of the global income distribution.

Conceptual Framework

In the classical Ricardian model, goods are
competitively produced with a single fac-
tor of production using constant-returns-to-
scale technologies. Dornbusch, Fisher, and
Samuelson (1977) extend the model to multiple
goods,showing that the goods can be ranked on
a continuum according to the relative amount
of labor required to produce them. The two
countries generally have a comparative advan-
tage on opposite ends of this continuum. This
approach does not work for more than two
countries, however. In a pathbreaking study,
EK extend the model to more than two coun-
tries while at the same time accounting for
bilateral trade. Productivity is determined by
a draw from a probability distribution, with
each country having some chance of produc-
ing at a lower cost than any other country.
This probabilistic representation assigns com-
parative advantage in the context of many
goods and countries and determines the frac-
tion of a country’s goods that get imported
and exported. Since there are bilateral trade

Trade Costs 3

costs, countries may produce goods for which
they are otherwise not the world’s lowest-cost
producer.

In our application of this approach, we iden-
tify land instead of labor as the key factor of
production. Therefore, the wage in the stan-
dard framework becomes the land rental rate.’
This gives a meaningful interpretation of the
random productivity shocks. In our version,
they arise from the weather-induced random-
ness of agricultural production, as well as rela-
tively permanent differences in weather, soil
quality, or technology across countries. With
land as the principal factor of production, pro-
ductivity is defined as crop output per area of
land (yield). Since yield data are readily avail-
able,we can directly estimate the parameters of
this distribution. We discuss other differences
below.

There are N countries indexed alternatively
by i and n. Land used for crop production is
denoted L,. The yield of crop j in country i is
z;(j) and the rental rate of cropland is w; (in
reality, this corresponds to the entire bundle of
resources associated with land). With constant
returns to scale, the cost of producing j in i is
wi/zi(j).

To model bilateral trade, the export coun-
try is denoted i and the import country is
denoted n, with i = n when a country buys from
home. Trade costs follow the iceberg assump-
tion, implying that delivery of one unit to
country 7 requires d,,; units produced in i.* The
crop sector is modeled as a continuum indexed
on the unitintervalj € [0, 1]. The representative
buyer in country n has symmetric preferences
over the different crops, with utility given by:

1 o/(c—1)
(1) U, = |:L C]n(j)(ﬂ_l)/ﬂdj]

where g, (j) is the quantity purchased and o > 0
is the elasticity of substitution among crops.
Country n’s representative buyer maximizes
equation (1) subject to spending constraint X,,.
In a perfectly competitive market, the price

3 This idea has been productively employed by Donaldson
(2009), although he does not use yield data to estimate parameters,
as we do.

4 A trade cost is anything that restricts imports or exports of a
good. If strict quarantine measures restrict grain imports, for exam-
ple, then this will be captured as a trade cost. However, if freight
costs fall, yet imports cannot increase due to very strict quarantine
measures, the fall in freight costs would not be counted as a fall in
trade costs.
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that n pays for crop j from country i is:

dpiwi

2 ni () = N
2 pu() %0

Since users in country n seek to buy crop j from
the cheapest source, they pay:

P () = min{p,n (), pr2 (), Pr3 (),

where N is the total number of countries.

We now let yields be the random variable
Z;(j) in place of the constant z;(j). Since price
depends on Z;(j) it is also a random variable,
denoted P,;(j). Therefore, n chooses the min-
imum from a sequence of random variables
involving Z;(j). In this particular context, the
Fréchet Type 11 extreme value distribution is
an appropriate distribution for Z;(j):

(4)  F@=PrZ <zl=exp(-Tiz™")

where T;>0, 6 >1, and z>0. Higher T;
means higher average crop yields in i. Lower 6
means that yield distributions are broader and
a country’s relative strengths and weaknesses
in the productivity of different crops are more
pronounced. As strengths and weaknesses
become magnified, comparative advantage
exerts a greater force, and high-productivity
crops will be exported, while low productivity
crops will be imported.

Due to the continuum assumption in con-
junction with identical cost and demand struc-
tures, the index for crops (j) can be dropped,
and we focus on the crop sector in the aggre-
gate. As shown in EK, the probability that
country i supplies country n at the lowest
price is:

(5)  Pr[Pu(j) <min{Py(j):s #i}]
_ Tiwidn)™*
YN Tiwida)

equation (5) says that n’s probability of buy-
ing from i is increased by higher average yields
in i (T;), lowered by trade costs between n
and i (d,;), and lowered by land rental rates
in i (w;). equation (5) can also be related to
the share of n’s spending on crops from i.

> See Billingsley (1986) for a discussion of this distribution.
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Let X,; be n’s spending on crops from coun-
try i, with i=n when a country buys from
home. Summing over all sources of supply
gives:Zﬁil (X,i/X,) = 1. Due to the continuum
assumption, the share of n’s spending on crops
from i is equal to equation (5), which implies
that:

Xoi  Tiwidy)™®

6 =
(©) Xo YN Ti(widy) ™

equation (6) relates trade shares back to the
yield parameters (7; and 6), bilateral trade
costs (d,;), and land rental rates (w;). The
price index for country n can be derived
using the moment-generating function for the
extreme value distribution (EK). The result is:

I N
0 ()
N ~1/0
x |:Z Ti(widni)_9:|
i=1

where I' is the Gamma function used to express
certain types of definite integrals.® Price index
P, relates the overall prices paid in country n
back to the yield distributions, trade costs, and
land rental rates.

The total domestic product derived from
cropland equals the sum of country i’s world-
wide crop sales: w;L; = ZnN=1 X,i. Alterna-
tively, this is land value added in the crop
sector. There is also a second, land-based non-
crop agricultural sector, denoted Y?. It is a
numéraire good and remains fixed in all coun-
terfactual simulations. Our model therefore
captures all land value added, similar to how
EK capture all labor value added in their
model. Overall crop spending in country n
is given by X, =a(w,L, + Y,f)), where o is
crops’ fixed share of total spending. Using this
and equation (6), the cropland market clearing
condition can be calculated to be:

a Ti(widyi)™*

n=1
x [e(wnLy, + Yno)]).

6 A useful reference is Johnson and Kotz (1970). The derivation
of all equations in the model is available upon request from the
authors.
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The structure of equation (8) allows for two
polar cases regarding land mobility across sec-
tors. When land is immobile across sectors,
equations (6), (7), and (8) are solved simul-
taneously for trade shares, crop prices, and
land rental rates. Land rental rates, total agri-
cultural income, and crop spending all adjust.
When land is mobile across sectors, however,
equation (8) is solved for equilibrium cropland
values only after equations (6) and (7) have
been solved for trade shares and prices. Land
rental rates, total agricultural income, and crop
spending are all fixed.

Equations (6), (7), and (8) are comprised in
our two-sector model of the agricultural sector,
but with all detail and focus on the crop sector.
Data to implement the model come from the
Global Trade Analysis Project (GTAP) and the
United Nations Food and Agricultural Organi-
zation (FAO). The model is calibrated to the
following categories in the GTAP database:
paddy rice, wheat, cereal grains not elsewhere
classified, and oil seeds. GTAP factor mar-
ket data show that land not used in crop
sectors tends to be used in other food and agri-
cultural sectors (Dimaranan and McDougall
2007). According to our data, the share that the
crop sector has of economy-wide GDP is 2.2%
in the average country. The share of the crop
sectorinland value added is 23.4 % for the aver-
age country, and ranges from a low of 12.3%
(Greece) to a high of 44.1% (Argentina).

Unlike EK, who model intermediate inputs,
we assume that all crop production is used in
final consumption.” Of course, in reality some
crops are grown for seed. However, the use
of crops as input to own production is minor
compared with inputs to manufactures. For
example, according to GTAP data, the share
that rice has in the cost of its own produc-
tion is only 0.07, while the corresponding input
shares for electronic equipment and chemical
products are 0.28 and 0.31, respectively.

A major benefit of excluding intermediate
inputs is that the model is much simplified
and we can develop new ways of estimating
certain parameters. For example, we can use
the model itself to solve for base land rental
rates (w;). This frees us to directly estimate
parameters such as 7; and 0 instead of inferring
them through indirect means. Before we turn to
these issues, however, we consider estimation
of trade costs.

7 This is equivalent to assuming that 8 equals 1 in EK’s model.

Trade Costs 5
Estimation of Trade Costs

According to the GTAP data,average spending
on domestic crops as a share of total spend-
ing on crops is 88.6%.% This is clear evidence
of so-called home bias in consumption in the
trade literature. Partly since we account for this,
our gravity approach to trade costs ends up
being somewhat different than other gravity
studies. Using equation (6), a trade equation,
we follow EK and normalize (X,;/X),) by the
home sales of a buyer (X,,,/X,,) to get:

@ Ko Tiwdi* T <ﬁ>9 0.
Xnn Tan Tn

Wn

Now take the log:

X T; wi
10) In =In— —0Iln— —0Ind,.
( ) (Xnn) Tn Wn

To make this more useful, we introduce an
expression, S; =In T; — 6 Inw;, that is produc-
tivity adjusted for costs. It could be considered
a measure of competitiveness. We substitute S;
into equation (10) to get:

Xni
(11) 1In <X ):—andn,-+Si—S,,.

nn

When we go to estimate equation (11), the
S; are captured by way of dummies. Since we
cannot observe d,;, we estimate this using vari-
ables typically employed in gravity equations.
Distance is accounted for by using six dummy
variables representing different intervals of
great-circle distance between capitals. The
associated coefficients are dy (k=1,...,6),
where d; is associated with a distance of 375
miles or less, d» is associated with a distance of
375 to 750 miles, and so on (a spline approach).
We also account for whether two countries
share a border (b), share membership in a
trade agreement (e,), and have a common
language (/). Finally, we include an overall des-
tination effect (m,,) that proxies for openness
to imports, i.e., trade costs that are more likely
to be controllable (as opposed to the geo-
graphic trade costs with more permanence).
Substituting these in for In d,,; in equation (11)

8 This is the share if the potential source countries include only
the twenty-three countries of our sample. The share is 85.5% if the
potential source countries include all countries of the world.
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Table 1. Bilateral Trade Equation
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Description Coefficient Estimate p-value Coefficient Estimate p-value
Dist [0,375] —0d, —5.52 <0.01
Dist [375,750] —0dy —5.86 <0.01
Dist [750,1500] —0d3 -7.03 <0.01
Dist [1500,3000] —0dy —8.20 <0.01
Dist [3000,6000] —0ds -9.96 <0.01
Dist [6000,max] —0dg —10.26 <0.01
Border —0b 0.38 0.38
Language -0l 0.98 <0.01
NAFTA —Beq 1.48 0.27
EU —fey 1.41 0.02
Mercosur —fes —0.81 0.36
Argentina S1 3.93 <0.01 —6m 2.70 <0.01
Australia S» 1.82 <0.01 —Omy 2.27 <0.01
Brazil S3 323 <0.01 —0m;3 2.63 <0.01
Bulgaria S4 —-1.22 <0.01 —Omy —4.05 <0.01
China S5 2.51 <0.01 —Oms 1.73 <0.01
Ethiopia Y 0.90 0.01 —Omg 1.87 <0.01
France S7 1.92 <0.01 —0my 3.23 <0.01
Greece Sg —2.62 <0.01 —Omg —-0.99 0.07
Hungary So —1.54 <0.01 —6mg —-1.18 0.03
Italy S10 —-1.30 <0.01 —Omyg 0.03 0.96
Japan S11 —-2.21 <0.01 —6mqq —0.86 0.10
Mexico S12 -0.39 0.28 —Omyy -0.70 0.20
Morocco S13 —0.65 0.07 —0mq3 0.59 0.27
Peru S14 —-3.22 <0.01 —Omyy —3.55 <0.01
Romania S1is —1.35 <0.01 —0mys -2.29 <0.01
Russia S16 0.00 1.00 —0myg -0.75 0.16
South Africa S17 0.47 0.19 —Omy7 1.70 <0.01
Spain S18 —-1.24 <0.01 —0mqg 1.11 0.04
Turkey S19 0.02 0.95 —6Omyg 0.85 0.11
UkKkraine S20 0.51 0.16 —0myg —-2.52 <0.01
United States S$721 542 <0.01 —0myq 5.88 <0.01
Uruguay S —-1.92 <0.01 —0myy —3.42 <0.01
Zimbabwe S$73 —3.06 <0.01 —0my3 —4.29 <0.01

Note: Estimated by feasible generalized least squares with 506 observations. Adjusted R is 0.70.

gives:

Xni
(12) In (X ):Si—Sn—an—Qdk—eb

nn

— 0l —Oey + 0.

The dummy variable associated with each
effect in equation (12) is suppressed for nota-
tional simplicity. The error term is &, = &2 +
gl g2 affects two-way international trade
and has variance o}, with £2 =£2. £\ affects
one-way international trade and has variance
of. Under this error structure, diagonal ele-
ments of the variance-covariance matrix are
E(&niéni) = 07 + 03, while certain off-diagonal
elements are E(Enié,-n)zazz. This allows for
“reciprocity” in geographic barriers, i.e., for
the possibility that the disturbance concerning

shipments from # to i is positively correlated to
the disturbance concerning shipments from i to
n.To avoid the dummy variable trap, we impose
> 8;=0,> m, =0, and no overall intercept.

In our estimation, we work with a cross
section for 2001, since that is the only year
for which complete data (including fully recon-
ciled trade flows) are available for our analysis
as a whole. Data on 2001 bilateral crop pur-
chases (X,;) for twenty-three countries are
from the GTAP database (Dimaranan and
McDougall 2007). The GTAP data have the
key advantage of being fully reconciled across
each exporter i and importer n. Among these
countries, imports from the other twenty-two
countries as a share of total imports are 76%
on average.

Table 1 reports the results of estimating
equation (12) with generalized least squares for
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506 observations. The fitis good, as the adjusted
R? is 0.70 and most of the coefficients are
statistically nonzero at the 1% level. The coeffi-
cients in the upper part of table 1 indicate how
distance, border, language, and trade agree-
ments affect trade volumes. The coefficients
on the distance effects are particularly large.
For example, the coefficient on distances less
than 375 miles, —5.52,is larger in absolute value
than any nondistance coefficient. The negative
signs and successively larger magnitudes on the
distance dummies suggest that freight costs,
and possibly other aspects of transport costs,
may be a particularly important impediment
to trade in crop markets.’

The coefficients on border, language, the
North American Free Trade Agreement
(NAFTA), and the European Union are all
positive, which implies that these reduce trade
costs, as expected. In looking at the country-
specific effects, the countries most open to
imports are the United States and France, with
—6m,, estimates of 5.88 and 3.23, respectively.
The countries least open to imports are Zim-
babwe and Bulgaria, with estimates of —4.29
and —4.05, respectively.

The lower-left portion of table 1 reports
our estimates of competitiveness (S), that
is, productivity adjusted for input costs. The
United States is the most competitive country
(5.42), followed by Argentina, another impor-
tant exporter (3.93). Peru and Zimbabwe are
the least competitive, at —3.22 and —3.06,
respectively.

Some country-specific results are plotted in
figures 1 and 2. Figure 1 plots estimated open-
ness to imports (—6m,,) against per capita GDP,
and figure 2 plots competitiveness against per
capita GDP. Rich countries appear to be some-
what more open to imports, which could reflect
a variety of factors: better infrastructure and
risk-handling institutions or lower tariffs and
nontariff barriers. Rich countries also appear
to be more competitive, reflecting factors such
as better access to new technologies (figure 2).
On the other hand, both of these relationships
are somewhat dependent on extreme points,
such as Zimbabwe on the low end, and the
United States on the high end. Ideally we
would have a larger sample to verify the above
points, but we have already maximized sample

9 Other aspects of transport costs might include insurance, hold-
ing costs for goods in transit, inventory cost due to buffering the
variability of delivery dates, and preparation costs associated with
shipment size (Anderson and van Wincoop 2004).

Trade Costs 7

6 o U.S.

Openness to imports (—6m,,)
=)

<
Zimbabwe

6 7 8 9 10 11 12
Per capita GDP, 2001, natural log

Figure 1. Scatterplot of estimated openness
and per capita GDP

8
61 LUS.
2 4 . e
g 2 ‘ -
= o
E 0 " S O' <><>
Q i) o 0O
g 2] o ’ ° J;pan
O 44 Zimbabwe
-6
-8
6 7 8 9 10 11 12

Per capita GDP, 2001, natural log

Figure 2. Scatterplot of estimated competi-
tiveness and per capita GDP

size with respect to constraints imposed by
other parts of our empirical approach.

Estimation of Remaining Parameters

The above regression provides us with baseline
estimates of the d’; parameters. We develop
three alternative approaches to estimating the
0 and T; parameters. The first two approaches
involve directly estimating the parameters of
equation (4), a yield equation, using yield data
on multiple crops.!” Approach 1 is a general-
ized method of moments (GMM) technique.

10 An anonymous reviewer points out that estimating these
parameters from yield data is strictly valid only under autarky. Oth-
erwise, the model predicts that each country obtains each crop from
only one source, and we would not observe the yield in countries
that import that crop. Given that our estimates suggest that the
world is not far from autarky, however, our approach is probably
a good approximation. Note that Donaldson (2009), by contrast,
assumes that each crop comes in a unit continuum of varieties, and
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Since there are (2N) first- and second-order
raw moments but only (N + 1) unknown
parameters (since 6 is not indexed by i), the
GMM model is overidentified. To deal with
this. we replace the second-order raw moments
with a single second-order central moment
equation (a full description is available in a sup-
plementary appendix online). Approach 2 is a
maximum likelihood estimation (MLE) tech-
nique. An empirical likelihood function based
upon equation (4) is:

N

J
(13) L(O,Tilzij):l_[HQTiZi;Q—l

i=1 j=1

X exp(— Tl-zif)).

Approach 3 differs from the above two
approaches because estimation of 0 is done
separately from T7;, and equations (6) and (7)
are used instead of equation (4). To determine
0,we follow EK (p. 1753),who link the model to
data on prices by first dividing equation (6) by
the analogous expression for the share of coun-
try i producers at home and then substituting
in equation (7):

0
(14) Xui/Xn (pidni) .

Xi/Xi  \ pa

If we take the logarithm of both sides, it is
straightforward to estimate 6 using ordinary
least squares (OLS). EK recommend calculat-
ing the logarithm of the right-hand side as:

(15) 1In (1%) =max 2 {In p,(j) — In p:())}

n

YL {Inpa() — Inp;(i))
— .

We now consider data requirements.
Approaches 1 and 2 are estimated using FAO
yield data for twenty-three countries and six
crops produced in each of these countries
(barley, maize, oats, rice, soybeans, and wheat).
This set of countries and crops was chosen to
maximize the total number of observations
in the sample. To make the yields of different
crops comparable, we normalize country i’s
yield of crop j by j’s worldwide average yield,

thus each region would be expected to produce at least some vari-
eties of each crop. He is then unable to use the yield data to estimate
the parameters as done here.

Amer. J. Agr. Econ.

using national acreages as weights. This gives
less weight to niche producers of a given
crop. We end up with six comparable obser-
vations on yields for each of the twenty-three
countries.'" In Approach 3, the dependent
variable of equation (14) is constructed using
GTAP data on bilateral crop purchases. The
right-hand side of equation (14) is constructed
using FAO data on producer prices for the six
crops listed above.

We first discuss our estimates of 0, which
measures the breadth of the yield distribu-
tions and the potential role for comparative
advantage. The approach 1 (GMM) estimate
of 0 is 2.83 with standard error of 0.0001. The
approach 2 (MLE) estimate of 0 is 2.52 with
standard error of 0.25. The approach 3 esti-
mate of 6 is 4.96 with standard error 1.37.
These estimates are on the low end of the
3.60-12.86 range of estimates that EK report
for the manufactures sector. However, this is
consistent with their observation that a lower
6 should be expected, since productivity in
agriculture is more heterogeneous across coun-
tries than productivity in manufacturing (p.
1768). There are large differences in temper-
ature, precipitation, growing season, and soil
type across the world. Applied agricultural
research therefore tends to be specific to par-
ticular regions. Furthermore, agricultural inno-
vations with broad applicability are not always
adopted around the world due to other con-
straints, such as imperfectly functioning input
markets.

We now turn to discuss our estimates of 77},
which reflect the average level of yields in i.
The approach 1 (GMM) estimates range from
0.01 for Morocco to 2.24 for France and are
reported in table 2 along with estimator stan-
dard errors. Note that high estimates of 7;
do not automatically imply greater competi-
tiveness in international markets, since land
rental rates may be higher in those coun-
tries. The approach 2 (MLE) estimates of 7;
are quite similar and have a 0.93 correla-
tion with the GMM estimates. The approach
3 (OLS) estimates of 7; are taken to be
the average yield by country, normalized by
weighted average world yield. Estimates are

! Note that while we estimate individual crop yield distributions
for Ethiopia and Ukraine, the GTAP database combines these into
a regional composite: XSS (“Rest of Sub-Saharan Africa”) and
XSU (“Rest of former Soviet Union”), respectively (Dimaranan
and McDougall 2007). For simplicity, we refer to Ethiopia and
Ukraine in the analysis, but in reality the results below refer to
these regional composites.
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Table 2. Key Parameters

Trade Costs 9

Approach 1: 6 = 2.83

Approach 3: 6 = 4.96

Country ﬁ'(std. err.) Wi L; f"i(std. dev.) Wi L;
Argentina 0.48 (0.02) 0.19 40,188 0.95 (0.09) 0.45 17,273
Australia 0.43 (0.02) 0.39 5,613 0.95 (0.33) 0.69 3,188
Brazil 0.24 (0.01) 0.19 41,047 0.76 (0.21) 0.49 16,126
Bulgaria 0.27 (0.01) 0.97 7,425 0.85 (0.38) 1.24 5,827
China 0.69 (0.03) 0.36 126,262 1.12 (0.35) 0.62 74,055
Ethiopia 0.08 (0.00) 0.30 31,239 0.59 (0.40) 0.75 12,625
France 2.24(0.10) 0.67 6,353 1.76 (0.69) 0.76 5,636
Greece 0.73 (0.03) 2.25 286 1.14 (0.39) 1.74 370
Hungary 0.70 (0.03) 1.52 535 1.15 (0.40) 1.40 578
Ttaly 1.14(0.05) 1.66 2,790 1.32(0.31) 137 3,372
Japan 0.51 (0.02) 1.72 9,691 1.03 (0.35) 1.57 10,615
Mexico 0.46 (0.02) 0.87 5,280 1.04 (0.52) 1.09 4218
Morocco 0.01 (0.00) 0.28 8,693 0.38 (0.28) 0.94 2,583
Peru 0.12 (0.01) 1.48 697 0.61 (0.25) 1.73 594
Romania 0.19 (0.01) 0.89 3,022 0.79 (0.39) 1.25 2,161
Russia 0.13 (0.01) 0.48 10,976 0.64 (0.25) 0.91 5,797
South Africa 0.17 (0.01) 0.45 2,731 0.69 (0.24) 0.85 1,464
Spain 0.67 (0.03) 1.34 2,037 1.11 (0.37) 131 2,086
Turkey 0.42 (0.02) 0.73 3,818 0.92 (0.17) 0.98 2,850
Ukraine 0.26 (0.01) 0.52 59,537 0.82 (0.32) 0.87 35,685
USA 0.97 (0.05) 0.15 228,092 1.23 (0.22) 0.35 95,308
Uruguay 0.19 (0.01) 1.09 519 0.73 (0.29) 1.38 408
Zimbabwe 0.38 (0.02) 2.10 131 1.18 (0.85) 1.92 144

reported in table 2 along with the standard
deviations.

Once we have our 7; and 6 estimates by
either approach 1,2, or 3, we infer the values of
w; and L; from identities in the model. Using
S;=1InT; — 0 Inw;, we calculate the land rental
rate in country i as:'2

(16) ;= exp ([m 7 - 81 /é) .

Note that since land is the only factor of
production, w; can be thought of as returns
to the entire bundle of resources associated
with a unit of land. Using this estimate, base-
line cropland estimates can be solved from the
land market identity that relates total cropland
domestic product and land rental rates:

N
(17) L= (ZXM-> / W
n=1

12 EK (p. 1776) use actual wages to estimate wages for the base-
line, while using the model itself to solve for intermediate input
prices. We ignore intermediate inputs and use the model itself to
solve for land rental rates.

Values of w; and ii are reported in table 2 for

approaches 1 and 3. The L; are not necessarily
in recognizable units such as hectares or acres
given how w; is calculated in equation (16).
We can nonetheless get a sense of the valid-

ity of L; by evaluating whether it gets the
ranking of countries by cropland area correct.
In this respect, the estimates are quite rea-
sonable. A simple linear regression of FAO

cropland areas on L; yields an R? of 0.76 and
0.80 for approaches 1 and 3, respectively. Since

L; is a function of w; yet has a good fit, this
suggests that w; must also be quite reason-
able. Note that approach 3 generates a smaller,
and therefore possibly more realistic, range of
w; than does approach 1. This occurs mainly
because there is less variation in the estimates
of Ti.

The final parameter to estimate is ov. We first
calculate this for individual countries, then find
a unified o by taking a GDP-weighted aver-
age. We get @ = 0.21, with a standard deviation
is 0.05.

Counterfactuals are evaluated according to
several criteria. One is the change in land rental
rates, w), — wy, where w), denotes the new land
rental rate that solves equation (8) under the
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Table 3. Counterfactuals 1 and 2: Large Changes in Trade Costs

Baseline to Autarky:

% Change in Net Welfare

Baseline to Zero Gravity:
% Change in Net Welfare

Approach 1 Approach 3 Approach 1 Approach 3
Argentina —2.6 —4.4 50.6 30.6
Australia —0.6 —0.5 37.1 20.0
Brazil -0.3 -0.2 27.7 15.8
Bulgaria —0.0 —0.0 37.5 17.9
China -0.2 -0.2 15.9 8.5
Ethiopia —0.2 —0.1 28.4 153
France -2.5 2.0 28.4 15.3
Greece —4.7 —4.4 66.2 321
Hungary —0.8 —14 57.0 30.2
Italy -33 -2.5 453 22.1
Japan —0.2 -0.1 39.1 16.5
Mexico -39 —-29 37.9 19.0
Morocco —-04 -0.3 43.0 22.5
Peru -13 -12 69.2 329
Romania -0.3 —0.8 44.5 233
Russia —0.1 —0.1 353 18.1
South Africa -1.6 -1.3 435 22.8
Spain =55 -3.6 432 21.5
Turkey -1.6 -1.8 42.1 21.7
Ukraine —0.0 -0.0 224 10.4
USA -0.5 —0.6 19.1 11.7
Uruguay —-1.8 —-1.4 59.4 29.6
Zimbabwe -0.3 -0.3 76.3 37.6

Note: Approach 1 uses § = 2.83 and T} from table 2. Approach 3 uses § = 4.96 and T} from table 2. The percentage change in world trade is —100, —100, +1,393,

and +1,151 in the four scenarios, respectively.

counterfactual simulation. Higher land rental
rates are positively correlated with welfare,
since this reflects increases in income on the
supply side. Another criterion is the change in
crop prices (P, — P,), where P, denotes the
new price that solves equation (7) in the coun-
terfactual simulation. This price reflects the
costs of purchasing on the demand side and
has a negative relation to welfare. We can also
define “welfare” as the real GDP of the sector,
denoted W, =Y,,/P%. The percentage change
in welfare is:

(18) 100 x [% - 1}

n

=100x[£ﬁ_1]

PeY,

"L YO /P, \*
—100 x Wakn + ¥y (Fn 1.

wnLy, + Y9 \ P,

Note that noncropland value added (Y?)
remains fixed throughout. Further note that for
mobile land, only the price effect is operative
in equation (18). Instead of looking at changes

in land rental rates, we will look at changes in
cropland area.

Main Results

Counterfactual 1:We have provided some mea-
sures of openness to imports at the country
level (table 1). We now calculate overall global
openness in the crop sector. To begin doing
so, we first report the results of raising trade
barriers to their autarkic levels. We let d,; go
to infinity for n#i such that countries are
forced to equate their production and con-
sumption. Results are reported in table 3 and
are not as extreme as one might expect. We
discuss the results for approach 1 first. While
every country suffers a small loss in net wel-
fare, the maximum fall is only 5.5% (Spain),
and the median reduction in welfare is only
0.6% (Australia). (In Bulgaria and Ukraine,
the losses round to zero.) These numbers sug-
gest that in terms of net welfare, existing trade
costs are high enough to approximate a state of
autarky. Net welfare change is plotted against
per capita GDP in figure 3. The largest falls in
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Figure 3. Move to autarky: Scatterplot of
welfare change and per capita GDP

net welfare tend to occur on the high end of the
income distribution.'® In particular, there are a
number of rich countries that import a large
share of their consumption but are not espe-
cially competitive. Italy, Spain, and Greece are
the most extreme examples. According to the
GTAP data, they import an average 31% of
their grains and oilseeds consumption, while
the average for all twenty-three countries is
11%. Their crop prices go up by an average
56% in Counterfactual 1, while the average for
all twenty-three countries is a 10% increase
(not reported in the table). This result is hardly
specific to these three countries, as suggested by
figure 3, but is the most pronounced for them.

We also consider Counterfactual 1 under an
alternative set of parameter estimates, given by
approach 3in table 2. One of the changes is that

6 = 4.96, which means that yield distributions
are broader and a country’s relative strengths
and weaknesses across crops within the crop
sector are less pronounced. The median change
is about the same as before (—0.8% for
approach 3 versus —0.6% for approach 1),
although the maximum change is somewhat
smaller (—4.4% for Greece in approach 3
versus —5.5% for Spain in approach 1).
Counterfactual 2: The results for Counterfac-
tual 1 suggest that existing trade barriers are
quite high. We can get a better sense of this by
considering the opposite experiment: an elim-
ination of all trade costs and barriers. In this
case,wesetd,; = linequation (2) for alln and .

13° A note of caution is in order. Since the model concerns only the
agricultural sector, the welfare results might in general be of greater
importance in poorer countries, all else the same. First, agriculture
has a greater share of the economy of poorer countries. Its share of
GDP has a —0.73 correlation with per capita GDP. Second, food has
a greater share of the consumption bundle in poorer countries. Its
share of final consumption has a —0.81 correlation with per capita
GDP. These points are not taken into account in our welfare results.

Trade Costs 11

This creates a situation of what might be called
zero gravity. The effect on trade volumes is
much more extreme:The volume of world trade
increases 1,393% for approach 1. This sug-
gests that the volume of trade would increase
approximately fifteen times if all forms of trade
costs could be eliminated. Every country has a
substantial gain in net welfare, with a median
of 42.1% (Turkey) and a maximum of 76.3%
(Zimbabwe). Clearly, international crop mar-
kets are very far removed from the frictionless
trading system envisioned in many traditional
models of international trade.

We also consider Counterfactual 2 under an
alternative set of parameter estimates, given
by approach 3 in table 2. In this case, world
trade grows by 1,151% as trade costs are
eliminated, which is a smaller amount than
under the parameters of approach 1. The
median and maximium welfare gains are also
more subdued, at 21.5% (Spain) and 37.6%
(Zimbabwe), respectively. This is primarily
because 6 is higher in approach 3, which means
that yield distributions are broader. Since a
country’s relative strengths and weaknesses
across crops within the crop sector are less pro-
nounced, comparative advantage exerts less of
a force, and trade does not rise by as much as
it did in approach 1.

If we repeat the general idea of Counterfac-
tuals 1 and 2 for different changes in bilateral
trade costs (reducing each of the 506 d,,; param-
eters by the same proportion), we are able to
estimate the elasticity of trade volumes with
respect to trade costs. We find that a 1% reduc-
tion in overall trade costs increases world trade
volumes by 2.0-2.5% (based on simulations
which we lack space to report).

Counterfactual 3: The previous two counter-
factuals suggest that “globalization” has not
really come to the world crop sector, if the met-
ric is global volume of trade. We now focus
on import trade costs (as represented by m1,,)
that are more likely to be reducible. We reduce
the import trade costs of each country to the
level of the country that is most open in this
regard. This happens to be the United States,
for which —6m = 5.88. All other trade costs in
equation (12) are retained. We report results
for approach 1 only.

Changes in net welfare, crop prices, and land
rents are in columns 1-3 of table 4. Every
country experiences an increase in welfare,
with a median of 17.9% (Bulgaria). The net
welfare changes mask much larger changes
in crop prices and rental rates for land. All
countries except Argentina, Brazil, and the
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Table 4. Counterfactuals 3 and 4: Liberalized Import Policy

Land is fixed by agricultural sector

Land is mobile across agricultural sectors

Net Crop Land rental Net Crop Cropland

Country welfare prices rates welfare prices area

Argentina 13.4 57.7 78.3 1.1 —4.7 306.7
Australia 5.0 —24.4 —6.2 7.0 —26.4 —33.3
Brazil 3.0 142 26.6 4.7 —18.7 16.3
Bulgaria 17.9 -56.9 —-9.4 253 —64.0 —63.0
China 4.6 -39.5 —29.3 10.7 -37.0 —68.7
Ethiopia 6.4 —27.6 —4.0 10.2 —35.6 —43.9
France 7.8 —252 5.0 12.0 —40.2 -32.6
Greece 77.4 —93.7 —24.7 107.6 —96.3 —80.7
Hungary 45.0 —59.8 69.4 26.9 —66.0 396.5
Italy 32.0 =757 —20.6 523 —85.1 —65.1
Japan 14.4 —69.9 -57.0 29.0 —68.4 —95.3
Mexico 253 —74.7 —47.1 51.5 —84.8 —96.8
Morocco 13.3 —38.3 8.0 18.4 —53.5 —16.4
Peru 38.6 —88.6 —74.0 77.6 -92.6 —99.7
Romania 40.0 —60.1 57.3 26.1 —65.0 322.6
Russia 22.5 —46.1 30.9 19.6 —55.5 72.7
South Africa 8.2 —41.2 —20.1 204 -56.9 —76.7
Spain 25.5 —64.0 1.0 30.9 —70.5 -92
Turkey 21.2 —58.6 -13 28.1 —67.4 -53
Ukraine 9.8 —354 -13 154 —47.8 —24.7
USA 59 70.0 72.9 0.0 0.0 175.1
Uruguay 432 —87.7 —53.1 79.4 -92.9 —96.5
Zimbabwe 38.4 —87.6 -59.1 68.3 -90.5 —98.4

Note: Values are percentage changes. In both counterfactuals, import trade costs for each country are lowered to the level of the country that is most open in this
regard (the United States). Approach 1 parameters are used. World trade increases 775% and 1,102% in the left and right scenarios, respectively. Crop prices

refer to those faced by buyers.

United States experience a fallin crop prices. In
these three countries, crop prices rise by 57.7%,
14.2%, and 70.0%, respectively, because they
have sufficient competitiveness to respond in
a major way to new opportunities in for-
eign markets (table 1). Greece, Peru, Uruguay,
and Zimbabwe experience more than an 80%
drop in crop prices because they were initially
among the least open countries (table 1). This
gives Greece the largest increase in net wel-
fare (77.7%), also in part because it is one of
the least competitive countries (S estimated to
be —2.62) (table 1).

Every country faces a drop in land rental
rates except for nine, including Argentina,
Brazil, and the United States. Since their crop
sectors expand under falling trade barriers,
they might be called natural exporters. Brazil,
however, has the smallest increase in net wel-
fare (3.0%). The benefit of rising land rental
rates (26.6%) is offset by the higher prices that
consumers pay (14.2%).

France’s crop prices for buyers fall by 25.2%
due to the import liberalization, while land
rental rates increase by 5.0% (table 4). Note
that unlike the previous examples, this cannot

be explained by the well-known three-panel
diagram of international trade because it would
assume that there is one good that is consumed
and produced. The consequence is that if the
domestic price falls, then producers must be
worse off. In our model, France as a nation can
consume a much broader mix of crops than the
crops specialized in by France’s producers. As
a result, the price index for crop buyers is not
the same as the price index for producers. The
consumer price index can fall while producers
nonetheless receive higher prices for the sub-
set of crops that they produce, due to demand
from foreign markets. The latter effect man-
ifests itself in the form of higher land rental
rates.

Counterfactual 4: In previous simulations,
land area was held fixed by sector. We now
repeat Counterfactual 3 but allow land to be
mobile across agricultural sectors, with land
rental rates held fixed (L; is now endogenous,
while w; is now exogenous). Although reality
lies somewhere in between these two extremes,
of course, this provides a sensitivity check on
the results. Results are provided in columns
4-6 of table 4. Since land rental rates no longer
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change, all welfare changes arise from changes
in crop prices. The United States is the only
country to experience no change in welfare
(crop prices do not change, since U.S. openness
does not change, and land is mobile). For every
other country, there is an increase in welfare,
with the median being 25.3% (Bulgaria). The
positive change in welfare is similar to the
result under fixed cropland area (Counterfac-
tual 3). However, in 78% of the countries, the
welfare increase is larger (Counterfactual 4).
This is largely due to the ease by which land
can be shifted toward crop production in key
producing countries. Increasesin cropland area
in Argentina, Brazil, Russia, and the United
States more than make up for the contrac-
tion in cropland experienced in most other
countries. This is verified by the fact that crop
prices fall for all countries (except, as noted,
the United States), which is the source of the
welfare gain. Despite a fundamental difference
in the setup, Counterfactuals 3 and 4 have
many similarities—for instance, the correla-
tions between welfare and crop prices across
Counterfactuals 3 and 4 are 0.87 and 0.95,
respectively. In spite of these similarities, we
feel that the fixed cropland assumption is a
better approximation of reality.

Counterfactual 5: In the next two counter-
factuals, we examine how an event in one
country is transmitted to others. Counterfac-
tual 5 considers how trade can be a vehicle
by which the benefits of new technologies
are spread. Consider, for example, a pledge
by the Monsanto Company to develop seeds
that will double the yields of corn, soybeans,
and cotton by 2030 (Pollack 2008). There can
be severe limits to the internationalization
of such technologies, however, due to agro-
climatic differences across countries, licensing
restrictions, and imperfectly functioning input
markets. Many consumers will therefore bene-
fit through only importation of the grain itself.
Are trade costs, however, low enough for the
benefits of such innovations to be spread?

We consider the effect of a hypothetical 30%
increase in the overall yields of the United
States (Tysa). Results are reported in table 5
(cropland area is fixed). One effect of the
change is a 4.4% increase in world trade vol-
ume. U.S. welfare increases 2.2%, due largely
to a 6.2% drop in crop prices caused by an
increase in supply. In addition, there is a 2.8%
increase in land rental rates as the U.S. crop
sector expands to supply foreign markets. U.S.
exportsincrease by 12.5%, while imports fall by
13.5%. All other countries have a fall in crop

Trade Costs 13

prices, which benefits consumers. This happens
because they increase their imports (between
1.4% and 12.3%). Only Argentina has a wel-
fare decrease, and it is slight, at 0.1%. This
happens because Argentina is a close com-
petitor of the United States, with nearly as
high a competitiveness (table 1) and of com-
parable distance to major Asian and European
markets. The welfare of every other country
increases.

Looking more closely, the benefits are spread
unevenly across countries. For example, crop
prices fall by 4.0% in Mexico but fall by only
0.3% in Russia. This cannot be due to our proxy
for general openness, since Mexico and Russia
have a very similar —9m coefficient (—0.70 and
—0.75, respectively). It may be due to the fact
that Mexico and the United States share a bor-
der and are in NAFTA. On the other hand,
the difference may be explained by distance.
Based on the relative size of these coefficients
in table 1, Russia’s lengthy distance appears to
explain why it benefits less. In short, geography
matters.

Counterfactual 6: Another plausible means
by which countries can gain from trade—
consumers in particular—is when one country
expands its area in agricultural production.
Brazil, for example, currently farms about 175
million acres and is said to have room to double
its available cropland to equal the scale of the
United States, without clearing any more of the
Amazon rainforest (Barrionuevo 2007). As an
illustration of how this might affect the welfare
of other nations, we consider a hypothetical
30% expansion of acreage in Brazil.

The right three columns of table 5 report
the effects on welfare, crop prices, and land
rental rates (cropland area is fixed). The largest
impact is in Brazil, with a net welfare gain
of 5.9%. Crop prices drop by 17.4% and
land rental rates drop 17.8%. Overall world
trade increases by 1.5%, with Brazil’s exports
increasing by 70.9%. The effects are fairly
minor for other countries. The United States
experiences a small, 0.8%, drop in exports and
a larger, 12.9%, rise in imports. However, due
to the large size of the U.S. crop sector, U.S.
crop prices, land rental rates, and welfare are
essentially unaffected.

For certain aspects of the results, an inter-
esting pattern emerges. Changes in crop prices
on distance are plotted in figure 4. The rela-
tionship shows that countries located close
to Brazil (Peru, Argentina, Uruguay) bene-
fit the most from its expansion. This suggests
that while tariffs and nontariff barriers are
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Table 5. Counterfactuals 5 and 6: Diffusion of an Event A cross Countries

Yield increase: Tysy4 increases by 30%

Cropland expansion: Lggr4 increases 30%

Net Crop Land rental Net Crop Land rental

Country welfare prices rates welfare prices rates

Argentina -0.1 -0.9 -0.9 —0.1 -1.3 —-1.2
Australia 0.1 —15 -1.2 0.0 —0.4 -0.3
Brazil 0.0 —0.5 —-0.4 59 —17.4 —17.8
Bulgaria 0.0 —0.2 —-02 0.0 —0.1 —0.1
China 0.0 —0.4 -0.3 0.0 —0.2 —0.2
Ethiopia 0.0 —0.4 —-04 0.0 —0.2 —-0.2
France 0.1 -1.8 —-1.4 0.1 -1.0 —0.7
Greece 0.2 -1.5 -1.2 0.1 —0.8 —0.6
Hungary 0.0 -0.8 —-0.7 0.0 -04 —-0.3
Italy 0.1 —1.4 -1.1 0.1 —0.7 —0.5
Japan 0.0 —0.5 —0.4 0.0 —0.2 —0.2
Mexico 0.4 —4.0 =31 0.0 -0.3 -02
Morocco 0.0 -0.9 -0.7 0.0 —-0.4 —-0.4
Peru 0.0 —0.6 -0.5 0.1 —15 -1.2
Romania 0.0 -0.5 -0.5 0.0 —0.2 —0.2
Russia 0.0 -0.3 -02 0.0 —0.1 —0.1
South Africa 0.2 —24 -1.8 0.1 —0.7 —0.6
Spain 0.2 -1.6 -13 0.1 -0.9 —0.7
Turkey 0.1 -1.5 -1.1 0.0 —0.6 -0.5
Ukraine 0.0 —0.1 —0.1 0.0 0.0 0.0
USA 22 —6.2 2.8 0.0 —0.4 -0.3
Uruguay 0.0 -0.5 —-0.4 0.1 —-0.8 -0.7
Zimbabwe 0.0 —0.6 -0.5 0.0 —0.2 —0.1

Note: Values are percentage changes. Approach 1 parameters are used. World trade increases by 4.4% and 1.5% in the left and right scenarios, respectively.

Crop prices refer to those faced by buyers.
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Figure 4. Brazil expansion: Scatterplot of
change in crop prices on distance

important in world agricultural trade, the role
of distance should not be overlooked. Even
if countries could eliminate all policy-based
barriers to trade, the penalty imposed by geo-
graphical trade costs limits the benefit from an
increase in supply elsewhere. Geography has
an important impact on the gains from trade.

Conclusions

In this study we propose a new framework for
the analysis of international agricultural trade.
We carry out six counterfactual scenarios for
twenty-three countries to illustrate basic points
about the model and the world trading system
for grains and oilseeds. The existence of large
international differences in crop yields, crop
prices, and land rental rates suggests that there
should be large gains from international trade
in this sector. We find, however, that trade costs
are close to those associated with autarkic equi-
libria, and very little of the potential gains are
being reaped. The volume of world trade would
increase fifteen times if all trade costs could be
eliminated, including those that are difficult to
reduce, such as freight costs, and those that are
more easily reduced,such as tariff and nontariff
policy barriers.

Even if we restrict our focus to the elimina-
tion of just those trade costs that are in princi-
ple reducible, the welfare gains are quite high
from freer trade. For example, if all countries
were to reduce trade costs to the level of the
country most open to imports, the median fall
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in consumer prices is 56.9%. Such reductions
can have large effects on the volume of trade,
as a 1% reduction in overall trade costs would
increase world trade volumes by 2.0-2.5%. For
this reason, even small rises in trade costs can
be very harmful. The introduction of export
restrictions by some crop exporters in 2007-
2008 was an example of this, and highlighted
the thinness of many crop markets.

The results differ systematically across coun-
tries. Distance inhibits the extent to which an
event in one country is transmitted to other
countries. The level of economic development,
as proxied for by per capita income, is also
related to many results. Countries with high
average productivity are more likely to be
found on the high end of the global income
distribution. Countries with high import trade
costs, by contrast, are more likely to be found
on the low end of the global income distri-
bution. The insulation associated with high
import trade costs may shield countries some-
what from adverse changes in other countries.
However,it also means they may gain less when
other countries are able to increase their sup-
ply. Regardless of these tendencies, it appears
that all countries are very far from reaping the
potential gains from trade in international crop
markets. The framework offers a means for
future researchers to determine the gains from
trade from new policy directions.
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