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introduction

A t the December 2010 annual general meeting of the International Agricultural Trade Research Consortium 
(IATRC), the traditional Theme Day was organized as a celebration of the 30 year anniversary of that institution 

and was titled Trade in Agriculture: So Much Done, So Much More to Do. In the aftermath of that meeting a proposal was 
made that the 30 year history of the IATRC should be written while those who had lived through the full period were 
still available to provide the necessary institutional memory. The Executive Committee agreed and allocated $2000 to 
the project as a token of their serious support, while Alex McCalla, Ed Rossmiller and Laura Bipes agreed to see it to 
fruition. It soon became clear that in the tight fiscal environment of the time, further funding would not be forthcom-
ing. Thus the team decided that if they did most of the work themselves they would be able to publish the results of 
their efforts as an e-book on the internet, but would not have the resources to produce any paper copies.

They also determined that in addition to the three major papers (unfortunately, the fourth major presentation by Vale-
ria Csukasi, Future Challenges in Agricultural Trade Negotiations, is not available to us for inclusion in this manuscript) 
and the panel presentations at the 30th anniversary theme day, several other documents were available that detailed 
much of the rationale for the creation of the IATRC, its evolution and its output over the period. 

The first of these documents is IATRC Objectives, Organization, Operations and Origins, the so called ‘Blue Book’, the 
latest edition of which is Edition VI dated April 2010. The Blue Book is a rolling record of the decisions taken at the 
meetings of the membership and the Executive Committee and a listing of the various outputs of the Consortium since 
its beginning. Since the Blue Book is revised and updated periodically and is publically available on the IATRC website 
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(http://iatrc.org/about/bluebook/BlueBook2010.pdf) it will only be referenced here as needed rather than being 
reproduced in its entirety.

The second of the documents is An Analytical History of the IATRC by Tim Josling, Alex McCalla and T. Kelley White, as 
requested by the Executive Committee and published in October 1997. It is reproduced here in its entirety.

Another pair of documents that add to the historical picture are the report dated December 2004 to the Executive 
Committee and the membership as requested by the IATRC Chair, Tim Josling, by the Futures Steering Group consist-
ing of Mike Gifford, Joe Glauber, Stefan Tangermann, Linda Young and Alex McCalla, Chair, and the January 2011 Status 
Report on IATRC: Progress on Recommendations of the Futures Steering Group by the 2010 Executive Committee. 
These two documents are also reproduced in their entirety. g



Part I

Theme Day

Trade in Agriculture:  
Much Done, So Much More to Do
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Chapter 7

The Gains from International Trade 
Under Monopolistic Competition

Robert C. Feenstra
University of California, Davis

1. Introduction

L et me thank the International Agricultural Trade Research Consortium, and Alex McCalla in particular, for the op-
portunity to talk today on the topic of the gains from trade under monopolistic competition. It is no exaggeration 

to say that this is a topic that has occupied me for my entire career, and will probably continue to do so. As background 
reading to my lecture today let me mentioned the Zeuthen Lectures that I presented at the University of Copenhagen 
in 2007, which were published as Feenstra (2010), and from which I draw quite freely. In addition, there is a very re-
cent paper with David Weinstein (Feenstra and Weinstein, 2010). When describing these results I will try to bring out 
some of the connections to agriculture, though I suspect that my discussants will be able to do that even better than I.

The reason I say that I have been working on this topic my entire career is that I actually started when I was an under-
graduate at the University of British Columbia, where I wrote my senior essay on the gains from trade with the United 
States. That was in 1977, more than a decade before the Canada-U.S. Free Trade Agreement of 1989 or the North 
America Free Trade Agreement or 1994. But back into the 1960s there was discussion by the Economic Council of Can-
ada on the potential benefits of free trade with the United States. Canadian economists saw this as a way for local firms 
to expand their scale and move down their average cost curves, taking greater advantage of economies of scale. That 
discussion was limited by not having the modern—by which I mean mathematical—monopolistic competition mod-
el to work with. So instead it relied on a limit pricing model developed by two Canadian economists—Eastman and 
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Skykolt (1967). They demonstrated graphically that increased competition from the United States would lead Canadi-
an firms to reduce markups and expand scale, while at the same time dropping inefficient product lines. These were 
the ideas that dominated the Canadian policy discussion, and ultimately contributed to the two free trade agreements, 
with the United States and then with Mexico, too.

I did not make headway on this topic for my senior essay, beyond reading the reporting on the literature, but I did 
become aware of the huge disconnect between this ideas from the Canadian literature, and the models that I learned 
about from the first edition of Caves and Jones textbook. The Ricardian and Heckscher-Ohlin models just did not have 
any room for increasing returns to scale or imperfect competition. I continued to be aware of this deficiency as I did 
my graduate work at MIT, and it was in my second year there—in 1978—that I saw an early draft of Paul Krugman’s 
(1979) first paper on monopolistic competition and trade, drawing on the mathematical formulation of Dixit and Sti-
glitz. I immediately thought “this is it!” since Krugman’s simple model has all the predictions that were anticipated but 
not proven in the Canadian literature. Several years ago I was asked to write an article about Krugman’s contributions 
after he won the Nobel prize (Feenstra, 2009), and I recounted this personal experience from my undergraduate days. 
I sent the article around to my colleagues at Davis, and one of them responded that I honored Krugman by saying that 
two Canadians thought of it first!

So I was lucky enough to see the development of the monopolistic competition model in trade from the beginning. As 
you know, the static models of the 1980s gave rise to the dynamic models of the 1990s, and in this new millennium, 
models that emphasize heterogeneous firms, as I will discuss later. But my own interests have been in the empirical 
application of these models, and especially in the measurement of the gains from trade. In the monopolistic competi-
tion models there are in fact three sources of gains from trade that are not found in the conventional Heckscher-Ohlin 
model: consumer gains due to the expansion of import varieties; efficiency gains due to increasing returns to scale 
and/or improved productivity; and welfare gains due to reduced markups.1

I will begin by discussing first source of gains from trade, which is the welfare gains from new products in a monop-
olistic competition model. In the theoretical models those welfare gains would simply be captured by a rise in N , the 
number of products, but in reality we have to allow for demand to differ across varieties, some of which are demanded 
in greater quantity than others. So even if we stick with the popular CES framework, what are the welfare gains from 
new products?

2. Consumer Benefits from Import Variety

A s I first thought about how to measure the welfare gains from new products, I felt that I had a trick up my sleeve 
that would allow me to solve this question. That trick came from my other field of study as an undergraduate, 

besides international trade, which was duality theory. I had benefitted from several graduate courses taught by Erwin 
Diewert, and I knew that one could capture the consumer gains between two periods with an exact price or cost-of-
living index (Diewert, 1976). Erwin always talked about the “new goods” problem, where if a good is not available in 
one period then we should use its reservation price in the index number formula. The challenge is that the reservation 
prices generally need to be solved for, which defeats the whole idea of using an exact price index as a short-cut to get 
welfare gains.

1  These sources are not mutually exclusive. In Krugman (1979), for example, the welfare gains due to reduced markups are identical to the gains from 
increasing returns to scale: as the scale of firms expands due to trade, average cost is reduced and the gap between price=average cost and marginal 
cost is also reduced.
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But there was a good reason that this price index approach might work for the CES case, namely, that the reservation 
prices for goods are infinite, so we don’t actually need to solve for them. With many goods, the elasticity of demand is 
approximately equal to the elasticity of substitution, or σ . So a typical demand curve for this utility function is of the 
form q=kp–σ , where q  denotes quantity, p  denotes price, and k>0  is a constant. This demand curve is illustrated in 
Figure 2.1, and approaches the vertical axis as the price approaches infinity, so the reservation prices of the good is 
infinite. But provided that the elasticity of substitution is greater than unity, then the area under the demand curve 
is bounded above, and the ratio of areas A/B  in Figure 2.1 is easily calculated as A/B=1/(σ–1) . Thus, even with an 
infinite reservation price, there is a well-defined area of consumer surplus from having the new good available, and 
measuring this area depends on having an estimate of the elasticity of substitution.

The challenge is to generalize this one-good example to a case where many new goods are potentially available from 
trade. To address that case, we do not rely on consumer surplus to measure the welfare gain, as in Figure 2.1, but rath-
er, take the ratio of the CES expenditure functions—dual to the utility function—to derive an exact cost of living index 
for the consumer. By determining how new goods affect the cost of living index, we will have obtained an expression 
for the welfare gain from the new products. After solving this problem, we then apply the results to the monopolistic 
competition model of Krugman (1980).

CES Utility Function

We will work with the non-symmetric CES function,

Ut =U (qt , It ) = aitqit
( 1)/

i It

/( 1)

,   >1 ,	 (2.1)

where ait>0 are taste parameters that vary with time, and It {1,...,N}  denotes the set of goods available in period 
t  at the prices pit . The minimum expenditure to obtain one unit of utility is,

e( pt , It ) = bit pit
1

i It

1/(1 )

,   >1,   bit ait .	 (2.2)

For simplicity, first consider the case where I t-1=I t=I , so there is no change in the set of goods, and also bit-1=bit , so 
there is no change in tastes. We assume that the observed purchases qit  are optimal for the prices and utility, that is, 
qit=Ut(∂e/∂p it) . Then the index number due to Sato (1976) and Vartia (1976) shows us how to measure the ratio of 
unit-expenditure, or the change in the cost of living for the representative consumer:
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Theorem 2.1 (Sato, 1976; Vartia, 1976)

If the set of goods available is fixed at I t-1=I t=I , taste parameters are constant, bit-1=bit , and observed quantitites are 
optimal, then:

e( pt , I )
e( pt 1, I )

= PSV ( pt 1, pt ,qt 1,qt , I )
pit
pit 1i I

wi ( I )

, 	 (2.3)

where the weights wi(I)  are constructed from the expenditure shares s it( I )≡ pitqit pitqiti I
 as,

wi (I )
sit (I ) – sit 1(I )

ln sit (I ) – ln sit 1(I )
sit (I ) – sit 1(I )

ln sit (I ) – ln sit 1(I )i I
 .	 (2.4)

The numerator in (2.4) is the “logarithmic mean” of the shares s it( I )  and s it–1( I ) , and lies in-between these two 
shares, while the denominator ensures that the weights w i( I )  sum to unity. The special formula for these weights in 
(2.4) is needed to precisely measure the ratio of unit-expenditures in (2.3), but in practice the Sato-Vartia formula will 
give very similar results to using other weights, such as wi (I ) = 1

2 [sit (I )+ sit 1(I )] , as used for the Törnqvist price in-
dex, for example. In both cases, the geometric mean formula in (2.3) applies. The important point from Theorem 2.1 is 
that goods with high taste parameters ai  will also tend to have high weights, so even without knowing the true values 
of ai , the exact ratio of unit-expenditures is obtained.

Now consider the case where the set of goods is changing over time, but some of the goods are available in both peri-
ods, so that It 1 It . We again let e(p,I)  denote the unit-expenditure function defined over the goods within the 
set I , which is a non-empty subset of those goods available both periods, I It 1 It . We sometimes refer to 
the set I  as the “common” set of goods. Then the ratio e(p t, I ) /e(p t–1, I )  is still measured by the Sato-Vartia index in the 
above theorem. Our interest is in the ratio e(p t, I t) /e(p t–1, I t–1) , which can be measured as follows:

Theorem 2.2 (Feenstra, 1994)

Assume that bit-1=bit  for i I It 1 It , and that the observed quantities are optimal. Then for σ>1 :

e( pt , It )
e( pt 1, It 1)

=PSV ( pt 1, pt ,qt 1,qt , I )
t (I )

t 1(I )

1/( 1)

, 	 (2.5)

where the weights wi(I)  are constructed from the expenditure shares s it( I )≡ pitqit pitqiti I
 as in (2.4), and the 

values λ t( I )  and λ t-1( I )  are constructed as:

(I ) =
pi qii I

pi qii I

=1
pi qii I ,i I

pi qii I

, τ=t-1,t.	 (2.6)

Each of the terms λτ(I)≤1  can be interpreted as the period τ  expenditure on the good in the common set I , relative to the 
period τ  total expenditure. Alternatively, this can be interpreted as one minus the period τ  expenditure on “new” goods 
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(not in the set I), relative to the period τ  total expenditure. When there are more new goods in period t , this will tend to 
lower the value of λ t( I ) , which leads to a greater fall in the ratio of unit costs in (2.5), by an amount that depends on 
the elasticity of substitution.

The importance of the elasticity of substitution can be seen from Figure 2.2, where we suppose that the consumer 
minimizes the expenditure needed to obtain utility along the indifference curve AD . If initially only good 1 is available, 
then the consumer chooses point A  with the budget line AB . When good 2 becomes available, the same level of utility 
can be obtained with consumption at point C . Then the drop in the cost of living is measured by the inward movement 
of the budget line from AB  to the line through C , and this shift depends on the convexity of the indifference curve, or 
the elasticity of substitution.

Measuring the Elasticity of Substitution

We can see that to measure the gains from new goods it is essential to have a good estimate of the elasticity of sub-
stitution. Existing estimates at the time of my 1994 article tended to be too low, which would lead to exaggerated 
estimates of the gains from trade. The reason that these estimates were so low, I believe, was due to the standard 
simultaneous equations bias: the elasticity of demand cannot be estimated in a demand and supply system without in-
strumental variables that are orthogonal to the error terms. But in international trade, we are interested in estimating 
the elasticity of substitution between source countries for each good; in other words, we want to measure the Arming-
ton (1969) elasticity between source countries. It is difficult if not impossible to find instruments that can be used in 
every market and country. Feenstra (1994) proposed a method to resolve this problem that makes use of the panel 
nature of datasets in international trade, i.e. having time-series observations on the amount imported from multiple 
source countries.

I won’t go into the technical details of this new estimator, except to say that it exploits the panel nature of most in-
ternational trade dataset: many exporting countries supplying a good to say the U.S. over multiple years. I relied on 
uncorrelated errors from the CES demand and supply curves across countries, and used that moment condition to 
develop a Generalized Method of Moments (GMM) estimator. In place of conventional instruments one can think of 
using indicator variables across countries, and identification relies on heteroskedasticity in the data, or what Roberto 
Rigobon refers to as “identification through heteroskedasticity.” The estimator is not hard to implement: it becomes 
a linear regression across exporting countries, but run on variables that are various second-moments of the data for 
each country.

In practice, the elasticities of substitution obtained from this method are very plausible. Feenstra (1994) considered 
products like mean’s leather athletic shoes, or cotton knit shirts, or various types of steel, and obtained estimates 
of the elasticity between 3 and 8. These were much higher values than obtained previously, and more in line with 
what trade economists would expect. Feenstra even added gold bullion and silver bullion as additional test case, and 
obtained estimates of the elasticity of substitution for each of these products of 25 and 40, respectively. Those high 
estimates are essentially infinite, indicating that there is perfect substitution between country sources of gold or silver. 
To conclude, for the six products analyzed by Feenstra (1994), the new method for estimating the elasticity of substi-
tution worked very well indeed.

At about the same time as publishing this article, I worked on another project that dealt with agriculture and made 
use of the GMM estimator. This project was joint with Andrew Rose (Feenstra and Rose, 1993), and I relied heavily on 
advice from my colleagues at UC Davis. Andy and I were asked to write a paper on the prospective impact of NAFTA on 
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California agriculture, and we decided to focus on the distorted market for water in California. We reasoned that with 
NAFTA allowing the import of fresh fruits and vegetables from Mexico, that would water use in California. Our calcula-
tions suggested that thee gains from reduced water use would be at least as large as the conventional gains from trade. 
But to estimate the gains, I needed to have Armington elasticities for the various crops, so I applied my GMM estimator 
to asparagus and other vegetables. I recall that one of the discussants at the conference said that throwing a GMM esti-
mator at asparagus was a bit like using a sledgehammer to swat a flee, but still, it worked well enough!

Gain from Import Variety for the United States

Broda and Weinstein (2006) apply the above methods to measure the gains from trade for the U.S. They define a good 
as either a 10-digit Harmonized System (HS) category, over the period 1990–2001, or as a 7-digit Tariff Schedule of 
the United States (TSUSA) category, for the earlier period 1972–1988.2 The imports from various source countries are 
the varieties available for each good. The ratio (λ t /λ t–1)  is constructed for each good, using the expenditure on new 
and disappearing source countries. In addition, they estimate σ  for each good. For the TSUSA categories of goods, they 
estimate roughly 12,000 values for σ , with a median value of 3.6. For the HS system, they estimate about 14,500 value 
for σ , with a median value of 2.9. In both cases the distribution of elasticities is highly skewed towards the right (so the 
mean values are much larger than the medians).

Putting together the ratios (λ t /λ t–1)  for each good with the elasticity of substitution, they obtain (λ t /λ t–1)–1/(σ–1) , 
which is aggregated over all goods. For the TSUSA data they used 1972 as the base year and measured the gains from 
new supplying countries up to 1988, and then for the HS data they used 1990 as the base year and measured the gains 
from new supplying countries up to 2001. Summing these, they obtain an estimate of the gains from trade for the U.S. 
due to the expansion of import varieties, which amount to 2.6% of GDP in 2001.

Two features of Broda and Weinstein’s methods deserve special mention. First, by measuring the expenditure on new 
supplying countries relative to a base year, they are following the hypothesis of Theorem 2.2 that the “common” set of 
countries should be those with constant taste parameters. In contrast, when countries first start exporting goods, it is 
reasonable to expect that the demand curve in the importing country shifts out over some number of years as consum-
ers become informed about the product. Broda and Weinstein are allowing for such shifts for new and disappearing 
countries after the base year, and all such changes in demand for these countries are incorporated into the λτ  terms in 
Theorem 2.2. That is the correct way to measure the gains from new import varieties.3

Second, Broda and Weinstein (2006) did not incorporate any changes in the number of U.S. varieties into their estima-
tion, nor did they include the U.S. as a source country in the estimation of the elasticity of substitution for each good. 
That is the correct approach only under the limited case where the number of U.S. varieties is constant. While turns out 
to be true under our assumptions in the model of Krugman (1980), it is certainly not the case in more general models: 
we could expect that increases in import variety would result in some reduction in domestic varieties. In that case, the 
gains from import varieties would be offset by the welfare loss from reduced domestic varieties. That potential loss 
was addressed only briefly by Broda and Weinstein (2006), and we shall address it more fully in the next section.

2 1989 is omitted because West and East Germany unified then, making comparisons with later years difficult.
3 In addition, countries that are suspected of selling a changing range of product varieties within each HS good should be excluded from the set I, and 
instead included in the λτ terms.
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3. Productivity Gains due to the Selection of Firms 

I mentioned above the problem that increased product variety of imports can be expected to drive out some domes-
tic producers, so the overall gains have to take into account these opposed forces. The simplest CES model due to 

Krugman actually do not have this feature: as more import variety come in, the range of domestic varieties does not 
change. But that prediction seems unrealistic, so we want to go beyond that simple framework. Such a generalization 
is achieved by the monopolistic competition model due to Melitz (2003). That model has heterogeneous firms with 
differing productivities, which are random draws from a probability distribution. The firms learn their productivities 
only after paying a fixed cost to enter the market, and then they can decide whether to stay in the market and sell do-
mestically, or pay an additional fixed cost and export. Like a conventional monopolistic competition model the Melitz 
model has zero profits in equilibrium, but in this case it is zero expected profits, computed before firm know their pro-
ductivity draws. The export profits are in fact positive for those firms that stay in the market (except for the borderline 
firm that has zero profits).

It is known in the Melitz model that as import varieties come into a country, the range of domestic varieties are 
reduced. In fact, the reduction in domestic varieties can be strong enough that total product variety also falls. But re-
gardless of whether total product variety rises or falls, I have shown in Feenstra (2010) that the welfare effects of the 
increased import variety and reduced domestic variety exactly cancel each other out: there is in fact no welfare gains 
due to import variety on the consumption side, because of the reduction in domestic varieties. So it would appear 
that the analysis of Broda and Weinstein, who measured welfare gains of just under 1% of GDP from increased import 
variety, might not stand up in a Melitz-style model, which is a very disturbing result.

Fortunately, it turns out that there is another source of gains in the Melitz model, which is still related to product 
variety, but now on the export side rather than the import side. This brings me to the second source of gains from 
trade in a monopolistic competition model, which are the productivity gains due to the self-selection of more efficient 
firms into exporting. In a Melitz-style model with heterogeneous firms, we capture the productivity gains from the 
selection of firms, with less efficient firms leaving the market and more efficient firms growing in scale. In fact, for the 
Canada-U.S. Free Trade Agreement, it is this self-selection of firms that appears to be most important in explaining the 
gains to Canadian productivity, as argued by Trefler (2004).

The question for us is: how can these productivity gains due to the self-selection of firms be measured? Trefler had 
access to firm-level data for Canada before and after the free trade agreement, in which case one would simply track 
which firms exited and which firms expanded in scale. But suppose, on the contrary, that we do not have any firm-level 
data. Then is there some method that will enable us to capture the gains from trade due to this productivity effect? 
It turns out that there is, and in fact, it is quite analogous to the gains from trade on the consumer side that I have 
already described. But now instead of focusing on the consumer gains from variety, we instead need to focus on the 
gains from output variety.

Output Variety in the CES Case

To theoretically demonstrate these gains in the Melitz (2003) model, we approach the problem in a somewhat unusual 
way: rather than focusing on consumer gains as in the last section we now ask whether there exist any producer gains 
due to output variety. This question can be answered by extending the range of values for the elasticity of substitution 
that we considered in the previous chapter. There we restricted out attention to σ>1  in the utility and expenditure 
functions (2.1) and (2.2), but a wider range of values for this elasticity can be considered. In particular, if σ<0 then 
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instead of obtaining convex indifference curves from (2.1) for a fixed level of Ut , we obtain a concave transformation 
curve as shown in Figure 3.1.4 The parameter Ut  in this case measures the resources devoted to production of the 
goods qit , i It , and the elasticity of the transformation curve (measured as a positive number) is –σ . 

To make this reinterpretation explicit, when σ<0  we will denote its positive value by ω≡–σ , which is the elasticity of 
transformation. Then we will rewrite (2.1) using labor resources Lt  to replace utility Ut , obtaining:

Lt = aitqit( +1)/

i It

/( +1)

, ait > 0, > 0. 	 (3.1)

The maximum revenue obtained using one unit of labor resources, dual to (2.9), is denoted by:	

(pt, It ) = bit pit +1

i It

1/( +1)

,   bit ait , > 0. 	 (3.2)

With this reinterpretation, Theorem 2.2 continues to hold as:	

(pt, It )
(pt 1, It 1)

= PSV (pt 1, pt,qt 1,qt, I ) t (I )
t 1(I )

1/( +1)

, 	  (3.3)

where the exponent appearing on (λ t/λ t-1)  is now negative. In other words, the appearance of “new outputs,” so that 
λ t<1 , will raise revenue on the producer side of the economy.

To understand where this increase in revenue is coming from, consider the transformation curve in Figure 3.1. If only 
good 1 is available, then the economy would be producing at the corner A , with revenue shown by the line AB . Then 
if good 2 becomes available to producers, the new equilibrium will be at point C , with an increase in revenue. This 
illustrates the benefits of output variety. In Figure 3.2 we illustrate the same idea in a partial equilibrium diagram, for 
a supply curve with constant elasticity ω . When the good becomes available for production, there is an effective price 
increase from the reservation price for producers (which is zero with a constant-elasticity supply curve) to the actual 
price. The gain in producer surplus is area C , and measured relative to total sales C+D , we can readily compute that 
C/(C+D)=1/(ω+1) .

While this reinterpretation of our earlier consumer model is mathematically valid, there is a problem in its application 
to international trade: the transformation curve between two outputs is often taken to be linear rather than strictly 
concave. That is the case in the Ricardian model, for example, or in the transformation curve (1.8) in Krugman’s (1980) 
model. In that case, the gains from output variety would vanish. So the question arises as to whether the strictly con-
cave case we illustrate in Figure 3.1 has any practical application?

We will now argue that a strictly concave transformation curve is indeed relevant, and in fact, arises in the generaliza-
tion of the monopolistic competition model due to Melitz (2003), which allows for heterogeneous firms that differ in 

4 Notice that the range   cannot be considered, since then all goods are essential in (2.1), with a zero quantity for any single good resulting in zero utili-
ty. In that case the welfare gain from a new good is infinite.
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their productivities . In the equilibrium with zero expected profits, only firms above some cutoff productivity *  
survive; and of these, only firms with productivities above x

* > *  actually export. We will argue that the endoge-
nous determination of these cutoff productivities leads to a strictly concave constant-elasticity transformation curve 
between domestic and export varieties, adjusted for the quantity produced of each. Furthermore, this interpretation of 
the Melitz (2003) model will allow us to make a precise calculation of the producer gains due to export variety.

Monopolistic Competition with Heterogeneous Firms

We outline here a two country version of the Melitz (2003) model that does not assume symmetry across the coun-
tries. We focus on the home country H , while denoting foreign variables with the superscript F . At home there is a 
mass of M  firms operating in equilibrium. Each period, a fraction δ  of these firms go bankrupt and are replaced by new 
entrants. Each new entrant pays a fixed cost of fe  to receive a draw  of productivity from a cumulative distribution 
G( ),  which gives rise to the marginal cost of w / , where w  is the wage and labor is the only factor of production. 
Only those firms with productivity above a cutoff level *  find it profitable to actually produce (the cutoff level will 
be determined below). Letting Me  denote the mass of new entrants, then [1 G( *)]Me  firms successfully produce. 
In a stationary equilibrium, these should replace the firms going bankrupt, so that:

[1 G( *)]Me = M  .	 (3.4)

Conditional on successful entry, the distribution of productivities for home firms is then:

μ( ) =

g( )
[1 G( *)]

if *,

0 otherwise,

	 (3.5)

where g( ) = G( ) /  is the density function.

Home and foreign consumers both have CES preferences that are symmetric over product varieties. Given home ex-
penditure of wL , the revenue earned by a home firm from selling at the price p( )  is:

r( ) = p( )q( ) = p( )
PH

1

wL , σ>1 ,	 (3.6)

where q( )  is the quantity sold and PH  is the home CES price index. The profit-maximizing price from selling in the 
domestic market is the usual constant markup over marginal costs: 

p( ) =
1
w .	 (3.7)
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Using this, we calculate variable profits from domestic sales as r( ) (w / )q( ) = r( ) / . The lowest productiv-
ity firm that just breaks even in the domestic market there satisfies the zero-cutoff-profit (ZCP) condition:

q( *) = ( 1) f *r( *) / = wf ,	 (3.8)

where f  is the fixed labor cost. Note that this cutoff condition for the marginal firm is identical to what is obtained in 
Krugman’s (1980) model for all firms, as in (2.7).

While firms with productivities *  find it profitable to produce for the domestic market, only those with high-
er productivities x

* > *  find it profitable to export. A home exporting firm faces the iceberg transport costs 
of 1 meaning that τ  units must be sent in order for one unit to arrive in the foreign country. Letting px ( )  and 
qx ( )  denote the price received and quantity shipped at the factory-gate, the revenue earned by the exporter is: 

rx ( ) = px ( )qx ( ) =
px ( )

PF

1

w*L* ,	 (3.9)

where PF  is the CES price index in the foreign country, and w*L*  is foreign expenditure.

Again, the optimal export price is a constant markup over marginal costs:

px ( ) =
1
w .	 (3.10)

The variable profits from export sales are therefore rx ( ) (w / )qx ( ) = rx ( ) /  , so the ZCP condition for the 
exporting firm is:

rx ( x
*) / = wfx qx ( x

*) = ( 1) fx x
* ,	 (3.11)

where f x  is the additional fixed labor cost for exporting. Provided that rx ( ) / fx < r( ) / f ,  which we assume is the 
case, then the cutoff productivity for the exporting firm will exceed that for the domestic firm, x

* > *  . Then the 
mass of exporting firms is computed as:

Mx

x
*

Mμ( )d <M .	 (3.12)
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To close the model, we use the full employment condition and also zero expected profits for any entrant. The labor 
needed for domestic sales for a firm with productivity  is [q( ) / + f ] , and for export sales is [qx ( ) / + fx ] , 
so the full employment condition is:

L =Me fe +M [q( ) / + f ]μ( )d
*

+Mx [qx ( ) / + fx ]μx ( )d
x
*

,	 (3.13)

where the distribution of productivities conditional on exporting is μx ( ) g( ) / [1 G( x
*)]  if x

*,  and zero 
otherwise. We can rewrite (3.13) by multiplying by w , and using the fact that (w / )q( ) = r( )( 1) / , and 
likewise for exporters, to obtain:

wL = w Me fe +Mf +Mx fx( )+ 1 M r( )μ( )d
*

+Mx rx ( )μx ( )d
x
*

= w Me fe +Mf +Mx fx( )+ 1 wL,

where the second line is obtained using the definition of GDP, with zero expected profits. It follows immediately that 
there is a linear transformation curve between the mass of entering, domestic and exporting firms, that is:

L = Me fe +Mf +Mx fx( ). 	 (3.14)

To obtain further results, we assume a Pareto distribution for productivities:

G( ) =1 , with > 1> 0 .	 (3.15)

In that case, it can be shown that the number of entering firms is proportional to the labor force, 
Me = L( 1) / fe , which was assumed by Chaney (2008), for example. So the transformation curve between 
domestic and export varieties is further simplified as:

L =
( +1)

Mf +Mx fx( ) .	 (3.16)

The fact that this transformation curve is linear between the mass of domestic and exported varieties is similar to 
that found in the Krugman (1980) model. But this fact does not tell us about the transformation curve between the 
economy’s outputs, because we also need to take into account the quantity produced of each variety. In Krugman’s 
model, the quantity produced by each firm is fixed. But in the Melitz (2003) model, only the zero-profit-cutoff firm has 
output identical to that in Krugman’s model, and the cutoff productivity *  itself is endogenously determined. So to 
determine the transformation curve for the economy, we first need to determine the correct measure of output used to 
adjust the varieties M  and Mx .
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To determine the appropriate measure of quantity, it is convenient to invert the demand curve and treat revenue as a 
function of quantity, so from (3.6) we obtain:

r( ) = Ad q( )
1

, where Ad PH wL
PH

1

.	 (3.17)

We introduce the notation Ad  as shift parameter in the demand curve facing home firms for their domestic sales. It 
depends on the CES price index PH , and also on domestic expenditure wL .

Likewise, export revenue can be written as:

rx ( ) = Axqx ( )
1

, where Ax
PF

iw*L *
PF

1

.	 (3.18)

Integrating domestic and export revenue over firms, we obtain GDP:

wL = AdM
*

q( )
1

μ( )d + AxMx
x
*

qx ( )
1

μx ( )d .	 (3.19)

Thus, in order to measure GDP the mass of domestic and export varieties are multiplied by the quantities shown above. 
Feenstra and Kee (2008) demonstrate that the first-order conditions for maximizing GDP subject to the resource con-
straint for the economy, taking Ad and Ax as given, are precisely the monopolistic competition equilibrium conditions. 
So the quantities appearing in (3.19) are the “right” way to adjust the mass of domestic and export varieties.

We can simplify these quantities by noting that CES demand, combined with constant-markup prices in (3.7), imply 
that the quantity sold equals q( ) = ( / ) q( )  for any choice of reference productivity  . We follow Melitz 
(2003) in specifying  as average productivity:

*

( 1)μ( )d
1/( 1)

,	 (3.20)

and likewise for the average productivity x  for exporters, computed using x
*  and μx . It follows that GDP simply 

equals (AdM + AxMx ) , using the adjusted mass of varieties:

M Mq( )( 1)/ and Mx Mxqx ( x )
( 1)/ .	 (3.21)
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To simplify the expression for GDP further, we note that a property of the Pareto distribution is that an integral like 
(3.20) is always a constant multiple of the lower bound of integration. That is:

=
( +1)

1/( 1)

*, 	 (3.22)

as obtained by evaluating the integral in (3.20), which is finite provided that > 1 . The cutoff productiv-
ity *  is in turn related to the mass of firms by [1 G( *)]Me = M , and using the mass of entering firms 
Me = L( 1) / fe  and the Pareto distribution, it follows that:

( *) =
fe

L( 1)
M .	 (3.23)

Gathering together these results, we can compute that the adjusted mass of domestic varieties is:

M =M
*

1

q( *)
1

=
M

( +1)
[( 1) f *]

1

= k1 f
1

M
1 1

fe
L

( 1)

,

where the first equality follows from (3.21) and q( ) = ( / *) q( *) ; the second equality uses (3.22) and the 
ZCP condition q( *) = ( 1) f * ; and the third follows from (3.23), where k1>0  depends on the parameters θ , σ 
and δ . Thus, the adjusted mass of domestic varieties is an increasing but nonlinear function of the mass M .

A similar expression holds for exports, but replacing f , M , and M  with f x , Mx , and Mx . Solving for M  and Mx  and 
substituting these into the linear transformation curve (3.16), we obtain a concave transformation curve between M  
and Mx , with elasticity 

( 1) 1> 0 :

L = k2 fe1/( +1) M
+1

f
1+( +1)( 1)

+Mx

+1

fx
1+( +1)( 1) /( +1)

,	 (3.24)

where k2>0  again depends on the parameters θ , σ  and δ .

Summing up, from the Melitz (2003) model we have obtained a constant-elasticity transformation curve, with elas-
ticity ( 1) 1> 0.  Our earlier results in Theorems 2.1 and 2.2 continue to apply to this transformation curve. In 
particular, consider the problem of maximizing (AdM + AxMx )  subject to this transformation curve. This Lagrang-
ian problem leads to the following solution:
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Theorem 3.1 (Feenstra and Kee, 2008)

Assume that the distribution of firm productivity in Pareto, as in (3.15). Then maximizing GDP subject to the transfor-
mation curve (3.24) results in GDP= (Ad ,Ax )L , where:

w = (Ad,Ax )
1

k2 fe1/( +1) Ad
+1
f 1 ( 1) + Ax

+1
fx

1 ( 1)

1
( +1) .	 (3.25)

The function (Ad ,Ax )  is the revenue earned with L=1  on the transformation curve, and equals wages. Note that 
the exponents appearing on the fixed costs f  and f x  in (3.25) are obtained as [ + (1+ ) ( 1) ]=1 ( 1) < 0.  This 
expression also appears as the exponent on fixed costs in the gravity equation of Chaney (2008).

We can now apply Theorem 2.2 to compute the gain from trade. Denoting autarky by t–1 , the economy is at the corner 
of the transformation curve with Axt 1 =Mxt 1 = 0 , as illustrated by point A in Figure 3.3. Using t  to denote the trade 
situation, under free trade we have Axt > 0 and Mxt > 0,  as at point C. We can therefore evaluate the gain from trade 
as the ratio of real wages in trade and under autarky:

wt / Pt
H

wt 1 / Pt 1
H
=

(Adt ,Axt )
(Adt 1,0)

Pt
H

Pt 1
H

1

=
Adt
Adt 1

Rdt
wtLt

1
+1 Pt

H

Pt 1
H

1

=
wt / Pt

H

wt 1 / Pt 1
H

1

Rdt
wtLt

1
+1

	 (3.26)

where the first line follows from wages in Theorem 2.1; the second line follows from Theorem 2.2, using the domestic 
“price” Ad  as the common good available both periods, with spending on domestic goods in period t  of Rdt AdtMt ; 
and the third line follows directly from the definition of Ad  in (3.17).

We use this equation to solve for the ratio of real wages, obtaining the result:

Theorem 3.2 (Arkolakis, et al, 2012)

The gains from trade in the Melitz (2003) model are:

wt / PtH

wt 1 / Pt 1
H =

Rdt
wtLt

1
+1 1

=
Rdt
wtLt

1

,	 (3.27)

where the final equality is obtained because ( 1) 1 , so 1
( +1) 1( ) = 1 .
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Note that the ratio of domestic expenditure Rdt  to total income wtLt  is equal to one minus the import share, so 
this formula is identical to the gains from trade in the Krugman (1980) model, except that we replace the exponent 

1/ ( 1)  in that case with 1/  in (3.27). This result is precisely the result derived by Arkolakis et al (2012), 
and remarkably, the elasticity of substitution σ  does not enter the formula at all (except insofar as it affects the import 
share). Our derivation gives some intuition as to where this simple formula comes from. Namely, the movement from a 
corner of the transformation curve A  in Figure 3.3, with exports equal to zero, to an interior position like C , gives rise 
to gains equal to one minus the import (or export) share with the exponent 1/ ( +1) , which is a straightforward 
application of Theorem 2.2 on the production side of the economy. We might interpret these gains as due to export va-
riety. These gains are shown in the second line of (3.26), and reflect the increase in wages due to the productivity im-
provement as the exporting firms drive out less productive domestic firms. But in addition, this productivity improve-
ment drives down prices, and therefore further increase real wages: that is shown as we substitute for the endogenous 
value of Ad , and thereby solve for real wages in (3.27). Through these two channels, the gains equal one minus the 
import (or export) share with the exponent 1/ , which exceeds 1/ ( +1) = ( 1) /  in absolute value.

But what about any further gain due to import variety? Now we must be careful, because the Melitz model leads to the 
exit of domestic firms and therefore a reduction in domestic varieties, which must be weighted against the increase 
in import variety. But simply counting the total number of varieties is not the right way to evaluate the welfare gains: 
instead, we need to take the ratio ( t / t 1)

1/( 1)  on the consumption side of the economy, as in Theorem 2.2. As we 
now show, this ratio turns out to be unity: the gains due to new import varieties are exactly offset by reduced domestic 
varieties. Therefore, the production-side gains we have already identified in Theorem 3.2 are all that is available.

To obtain this result, we use the CES price index for the Melitz model:

PH =
*
p( )1 Mμ( )d +

x
F*

pF ( )1 M FμF ( )d

1
1

,	 (3.28)

where x
F*  denotes the zero-profit-cutoff for the foreign exporters, with prices pF ( ) . This CES price index is 

conceptually identical to what we referred to as the unit-expenditure function in (2.2). The average price of domestic 
goods appearing in (3.28) is:

*
p( )1 Mμ( )d

1
1

=
1
w M

1
1 ,	 (3.29)

which uses the prices (3.7) together with the definition of average productivity in (3.20).
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When comparing autarky (denoted by t–1) with free trade (denoted by t), we need to take into account the changing 
price of domestic goods and their changing variety, as in (3.29), along with the fact the all imported goods are new. 
Applying Theorem 2.2 gives rise to the following ratio of unit-expenditures:

Pt
H

Pt 1
H
=

wt / t
wt 1 / t 1

Rdt / wtLt
Mt /Mt 1

1
1

.	 (3.30)

The first term appearing on the right of (3.30) is just the change in the average price of domestic goods, reflecting the 
change in wages and in average productivity. The aggregate domestic good is available in both periods, so the first 
term reflects the Sato-Vartia index PSV  over the “common” good in Theorem 2.2. The numerator of the second term on 
the right is the spending on domestic goods relative to total spending in period t ; this equals λ t  in Theorem 2.2, or one 
minus the share of spending on new imported varieties. The denominator of the second term is λ t-1  in Theorem 2.2, 
and reflects the reduction in the number of domestic varieties, Mt<Mt-1 .

We now show that Mt /Mt 1 = Rdt / wtLt  in (3.30), so the reduction in the number of domestic varieties just 
cancels with share of spending on new imported varieties, and there are no further consumption gains. This re-
sult is obtained from the ZCP condition for domestic firms, in (3.8). The second expression appearing in (3.8) is 
q( *) = ( 1) f * . We will combine this with the first expression appearing in (3.8), r( *) / = wf , which can 
be rewritten using the inverse demand curve in (3.17), to obtain:

Adt q( t
*)

1

Adt 1q( t 1
* )

1
=

wt
wt 1

.

Using the definition Ad PH (wL / PH )1/ , we can readily simplify this expression as:

q( t
*)

q( t 1
* )

=
wt / Pt

H

wt 1 / Pt 1
H .

Now using the ZCP condition that q( *) = ( 1) f * , we immediately obtain:

t
*

t 1
*

=
wt / Pt

H

wt 1 / Pt 1
H ,	 (3.31)

so that the increase in real wages reflects the increase in the ZCP productivities. From (3.22) the ratio of ZCP produc-
tivities equals the ratio of average productivities, ( t / t 1) , then comparing (3.30) with (3.31) we immediately see 
that Mt /Mt 1 = Rdt / wtLt , as we intended to show.

The finding that there are no additional consumption gains from variety in the Melitz (2003) model is discussed ex-
plicitly by di Giovanni and Levchenko (2010), who argue that if the distribution of firm size follows Zipf’s Law then the 
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extensive margin of imports accounts for a vanishing small portion of the total gains from trade. Their model differs 
from our discussion above because firms also use differentiated intermediate inputs, but they still assume a Pareto 
distribution for productivities. This assumption implies that the distribution of firms by size follows a power distri-
bution, which correspond to Zipf’s Law as ( 1). That is the case where they find that the extensive margin 
of imports has a vanishing contribution to the gains from trade. In comparison, our results above are more general 
because we show that the extensive margin of imports has a welfare contribution that just cancels with the reduced 
extensive margin of domestic goods, and this result holds for all values of > ( 1),  and not just the limiting case 

( 1).

4. Pro-competitive Gains from Trade

L et me turn now to the third and final source of gains from trade in a monopolistic competition model, which is the 
reduced markups of firms when they are faced with import competition. Those gains were emphasized in the first 

published article on this topic by Krugman (1979), but have been absent in much of the later literature due to its use 
of CES preferences, in which case markups are themselves fixed. There are now some alternatives to the use of CES 
preferences, such as the quadratic utility function of Melitz and Ottaviano (2008) which leads to linear demand curves. 
In that case, markups certainly change as firms are faced with import competition. But the quadratic utility function 
with linear demand curves also has income elasticities of zero, so it is really most appropriate for partial-equilibrium 
analysis; and in fact, has been used in the industrial organization literature. Is there some other utility function we 
could use that is homothetic, or non-homothetic in an interesting way, and still can be used in a monopolistic compe-
tition model? It turns out that there is, and is it the favorite functional form of Erwin Diewert’s: the translog cost or 
expenditure function.

Many of you here will be familiar with the translog function from your work on production or consumer demand 
systems. But it takes some work before we can use these functions in a monopolistic competition model, with new 
goods coming in and out. In particular, the reservation prices of goods are no longer infinity, but need to be solved 
for explicitly. Hauseman (1997, 1999)did exactly that in his analysis of honey-nut cheerios and cellular phones, and 
determined the welfare gains of these new products by solving for their reservation prices before they were available. 
But that approach become intractable when we have many new sources of supply for differentiated products through 
international trade. It becomes difficult to keep track of all those reservation prices. fortunately, there is a solution to 
that problem that makes the translog—or AIDS—function tractable even in a monopolistic competition model. let me 
conclude my talk by describing this solution and some of its implications.

In a monopolistic competition model we need to be explicit about which goods and available and which are not, so let 
N  denote the maximum number of goods conceivably available, which we treat as fixed. The translog unit-expendi-

ture function (Diewert ,1976) is defined as:

lne = 0 + i ln pi +
1
2 ij

j=1

N

i=1

N

i=1

N

ln pi ln p j , with γ ij=γ ji  and αi>0 .	 (4.1)
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Note that the restriction that γ ij=γ ji  is made without loss of generality. To ensure that the expenditure function is 
homogenous of degree one, we add the conditions that:

i
i=1

N

=1 , and ij
i=1

N

= 0 .

The share of each good in expenditure is obtained by differentiating (4.1) with respect to ln pi , obtaining:

si = i + ij ln p j
j=1

N

.	 (4.2)

These shares must be non-negative, of course, but we will allow for a subset of goods to have zero shares because they 
are not available for purchase. To be precise, suppose that s i>0  for i=1 ,…,N , while s j=0  for j=N+1 ,…, N . Then for 
the latter goods, we set s j=0  within the share equations (4.2), and use these (N N ) equations to solve for the reser-
vation prices p j , j=N+1 ,…, N , in terms of the observed prices pi , i=1 ,…,N .

Solving for the reservation prices introduces a level of complexity that did not arise in the CES case, where reservation 
prices are infinite: in the expenditure function (2.2), an infinite reservation price raised to the negative power (1 )  
simply vanishes. To solve for finite reservation prices in the translog case, it is essential to simplify the translog by 
imposing the additional “symmetry” requirements:

ii =
N 1
N

< 0, and ij = N
> 0 for i j,  with i , j=1 ,…, Ñ .	 (4.3)

It is readily confirmed that the restrictions in (4.3) satisfy the above homogeneity conditions, and also guarantee that 
the reservation prices are finite. Because N  is a fixed number, (4.3) simply says that the Γ  matrix has a negative con-
stant on the diagonal, and a positive constant on the off-diagonal, chosen so that the rows and columns sum to zero.

The restrictions in (4.3) are not familiar from the translog literature, but are essential to solve for reservation prices 
for goods not available. Note that we have not restricted the αi>0  parameters, though they must sum to unity, so there 
are N 1  free αi  parameters. In addition, we have the free parameter α0  in (4.1) as well as γ>0  in (4.3), so there are 
a total of N +1  free parameters in this “symmetric” translog function. That is the same number of free parameters 
in our “non-symmetric” CES function (2.1), where we allowed for N  parameters ai>0  (possibly changing over time) 
along with the elasticity σ>1 . So in describing the translog case as “symmetric” we are comparing it to the empirical 
version that does not use (4.3); while in describing the CES function as “non-symmetric” we are comparing it to the 
theoretical version in monopolistic competition models that assumes ai 1 , i=1…, N . In fact, both the CES function 
in (2.1) and the translog in (4.1) have the same number of free parameters, or degree of symmetry, which we have 
chosen to be tractable in a monopolistic competition framework.
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The usefulness of the symmetric restrictions in (4.3) is shown by the following result:

Theorem 4.1 (Feenstra, 2003; Bergin and Feenstra, 2009)

Using the symmetry restrictions (43), suppose that only the goods i=1 ,…,N  are available, so the reservation prices p j  
for j=N+1 ,…, N  are used. Then the unit-expenditure function equals:

lne = a0 + ai ln pi +
1
2

bij
j=1

N

i=1

N

i=1

N

ln pi ln p j ,	 (4.4)

where: bii =
(N 1)
N

< 0, and bij = N
> 0 for i j  with i , j=1 ,…,N ,	 (4.5)

ai = i +
1
N 1 ii=1

N
, for i=1 ,…,N ,	 (4.6)

a0 = 0 +
1
2 i

2
i=N+1

N
+

1
N ii=N+1

N 2

. 	 (4.7)

Notice that the expenditure function in (4.4) looks like a conventional translog function defined over the goods 
i=1 ,…,N , while the symmetry restrictions continue to hold in (4.5), but are defined now using the number of avail-
able goods N , which can change over time. As N  grows, for example, we find that the price elasticity of demand also 
grows because goods are closer substitutes. To interpret (4.6), it implies that each of the coefficient αi  is increased by 
the same amount to ensure that the coefficients ai  sum to unity over i=1 ,…,N . The final term a0 , appearing in (4.7), 
incorporates the coefficients αi  of the unavailable products. If the number of available products N  rise, then a0  falls, 
indicating a welfare gain from increasing the number of available products.

Theorem 4.1 is a promising start towards using the translog function in monopolistic competition models. For theoret-
ical work, this result is all that is needed and it shows that the translog system can join the quadratic preferences used 
by Melitz and Ottaviano (2008) as being tractable alternatives to the CES case. Furthermore, both the translog and 
quadratic preferences allow for endogenous markups. The real advantage of the translog unit-expenditure function is 
on empirical grounds. As argued by Diewert (1976), it has a number of convenient properties: it is obtained from ho-
mothetic preferences, provides a second-order approximation to an arbitrary expenditure function, and corresponds 
to the Törnqvist price index, which is very close to price index formulas that are used in practice. 

Feenstra and Weinstein (2009) develop an alternative formula for the welfare gain from new products, beyond 
Theorem 4.1, that depends on the observable expenditure shares on goods and can therefore be implemented. The 
terms appearing in the formula for the welfare gain are analogous to those appearing in (4.7), but using observable 
expenditure shares in place of αi: the welfare gain from new products depends on the sum of squared shares, and on 
the square of the sum of shares, of new products. The sum of squared product shares—or Herfindahl indexes—also 
determine the average markups charged by firms in each market. Increased shares of imports and reduced U.S. shares 
can lead to reduced U.S. markups, and also contribute to variety gains. For these reasons, the translog case offers a 
promising theoretical and empirical framework to assess the gains from import variety and the effect of imports on 
reducing markups.
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5. Conclusions

T his paper is about measurement: how to measure the gains from trade that arise in the monopolistic competition 
model. The CES functional form, introduced into the monopolistic competition model by Dixit and Stiglitz (1977) 

and adopted by Krugman (1980, 1981) and later literature, is just as convenient in empirical work as it is in theory. 
Using this functional form, Feenstra (1994) showed how the gains from new product varieties depend on their expen-
diture share as well as on the elasticity of substitution. The expenditure on new imported products, or more precisely, 
on new source countries for imports, are available from highly disaggregate trade statistics. In addition, estimates of 
the elasticity of substitution between source countries for imports can be obtained using the same disaggregate trade 
statistics over time, as described in Feenstra (1994). Broda and Weinstein (2006) applied these methods to import 
data for the United States, and find that the gains from new source countries for imports can be substantial: by 2001, 
these gains amount to 2.6% of U.S. GDP.

Recently, attention has shifted in the monopolistic competition literature to the production side of the economy. 
Whereas Dixit and Stiglitz (1977) and Krugman (1980, 1981) relied on the “symmetry” assumption that all firms are 
identical, Melitz (2003) was able to introduce heterogeneity in the productivity of firms. This framework allows firms 
to have stochastic draws of productivity, but still imposes that firm profits are zero ex ante, as required by free entry 
into the industry. This extension to the monopolistic competition model is well-grounded in empirical observations: it 
allows for only a subset of firms in the industry—the more efficient firms—to be exporters. In the Canadian context, 
Trefler (2004) showed that the exit of less-efficient firms led to a substantial increase in average industry productivity 
following the Canada-U.S. free trade agreement, which supports the Melitz model.

We have explored the industry-level implications of the Melitz model, and found that it leads to a concave, con-
stant-elasticity transformation curve between domestic and export varieties, adjusting for the appropriate quantity 
of each. Analogous to the CES results on the consumer side, the gains from trade depend on the share of revenue 
devoted to exports and on the elasticity of transformation, which itself depends on the elasticity of substitution and 
on the Pareto parameter for productivity draws. Remarkably, once we take into account the general equilibrium 
increase in spending following trade liberalization (i.e. endogeneity of the shift parameters Adt), then the gains from 
trade simplify so that they depend on the share of revenue devoted to exports (or equivalently, imports), and on the 
Pareto parameter. This confirms the very simple formula for the gains from trade found by Arkolakis et al (2012). All 
these gains come from the production side of the economy, and there are no further gains from product variety on the 
consumption side: the gains from import varieties just cancel with the losses from reduced domestic varieties. That 
results follows from having an “interior solution” where only a fraction of the domestic firms are exporters: if all firms 
exported or no firms exported in some industries, then we would expect to again see consumption gains from variety 
as in Krugman (1980, 1981).

The final topic we have discussed is the gains from trade due to reduced markups charged by firms, as in Krugman 
(1979). It is worth emphasizing that these are social gains and not just a transfer from firms to consumers. In Krug-
man (1979), reduced markups combined with zero profits in equilibrium imply that firms are moving down their aver-
age cost curves, taking greater advantage of economies of scale. So the reduction in consumer prices due to reduced 
markups do not come at the expense of firms profits. In order to measure these gains we must move beyond the CES 
case, however, where markups are constant. In theory, the quadratic utility function used by Melitz and Ottaviano 
(2008) offers a very useful form of endogenous markets. Because this utility function uses an additively separable 
numeraire good, all other products all have income elasticities of zero. On empirical grounds, we recommend instead 
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the translog unit-expenditure function, which corresponds to homothetic preferences (income elasticities of unity). 
Unlike the CES case, goods then have finite reservation prices that must be solved for. Feenstra (2003) and Bergin and 
Feenstra (2009) show how this expenditure function, when simplified to allow for some “symmetry” across goods, has 
a convenient solution for the reservation prices that can be substituted back into the expenditure function, obtaining 
a tractable form even as the number of goods varies. Feenstra and Weinstein (2009) are making use of this functional 
form to estimate the impact of globalization on markets and product variety in the U.S. market. It can be expected that 
applications to many other countries will follow, thereby allowing us measure this third source of gains from trade due 
to monopolistic competition. g
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Figure 2.1. CES Demand

Figure 2.2. CES Indifference Curve
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Figure 3.1. Constant-Elasticity Transformation Curve

Figure 3.2. Constant-Elasticity Supply Curve
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Discussion
Munisamy Gopinath

Oregon State University

P rofessor Feenstra is a pioneer in assessing welfare gains from trade, especially in the context of new trade theory 
and the emerging heterogeneous-firms models of trade. Three sources of gains from trade are commonly found in 

the literature: consumer gains from the increase in imported varieties; producer gains from self-selection and the en-
suing changes in extensive and intensive margins; and disciplining of mark-ups from import competition. In this paper, 
Professor Feenstra elegantly measures the consumer gains from the increase in the number of imported varieties by 
adapting the Sato-Vartia index to the Krugman model. The added advantage of this index is that it yields similar results 
under alternative weighting schemes. However, Professor Feenstra notes that previous attempts to measure consumer 
gains did not account for self-selection of firms in domestic and export markets and the accompanying loss in domes-
tic varieties. He then shows that gains from trade accrue on the producer side, despite loss of domestic varieties, with 
an exposition of Melitz’s (2003) trade model with heterogeneous firms. With additional algebra, the gains from trade 
in Melitz’s model are captured in the Feenstra framework for a combined assessment of consumer and producer gains. 
Then, Professor Feenstra shows how a translog expenditure function can be employed to assess gains from import 
varieties and falling mark-ups. Finally, empirical results from Feenstra and Weinstein (2009), based on the translog 
method, yields gains from trade in the form of declining merchandise prices by 5.4 percent and consumer prices by 1.0 
percent during 1992-2005.

The gains from trade demonstrated by Professor Feenstra are critical as academics and free-traders continue to make 
the case for increased integration of global markets. Nevertheless, the results should be viewed in a broader context. 
For instance, the definition of a variety can be tricky especially at the merchandise and consumer levels. Importing a 
shirt collar does not directly add to shirt varieties in a country. Moreover, the presence of multinational firms and the 
production-sharing/outsourcing may overestimate the number of varieties arriving at the U.S. border. Estimates of 
gains at the national level are useful, but the political economy of U.S. trade policy requires some more attention to the 
distribution of gains within this large country. Are there regions where self-selection leads to loss of jobs and net wel-
fare, despite consumer gains through price declines? Does the ensuing spatial adjustment of firms and workers impose 
additional unaccounted costs in the assessment of welfare gains from trade? The emerging new economic geography 
literature addresses some of these questions, but micro data availability and access (consistent firm- or plant-level 
data across and within countries) remain major obstacles to these efforts. g


