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Abstract

The love-of-variety motif has been a building block of much of the literature in interna-

tional trade over the past thirty years. Hence, it is quite surprising that until very recently

no study had tried to estimate the welfare gains deriving from the import of new variety.

This paper draws on the works of Broda and Weinstein (2006) and Feenstra (1994) to

investigate the e¤ects of variety growth in the UK and Europe over the period 1978-2006.

The methodology is improved by providing a re�nement of the measurement error analysis

and the weighting scheme strategy that is more robust to the de�nition of goods and to

the classi�cation used. The assumptions are tested through a quite extensive robustness

analysis. More importantly, the current study tries to shed light on the causes behind the

change in variety. It turns out that the fall of the Iron Curtain and the expansion of trade

with the countries of the former Soviet bloc have had a positive e¤ect on the welfare of

the UK. Overall, new varieties in the UK account for an increase of welfare equal to 2%

of GDP between 1988 and 2006 in the most conservative estimate. The fall of the Iron

Curtain was one of the prime causes, a share of 12% of total gains can be imputed to the

variety growth from former Soviet countries. This is quite a big contribution considering

that the trade value from those countries accounts for 6.4% of total imports in 2006, up

from a mere 1.6% in 1988. If the total growth in varieties had matched the growth from

ex-Soviet countries, the total welfare gain would have been at least twice as big.
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1 Introduction

The love-of-variety motif has been a building block of much of the literature in international

trade since the seminal work of Krugman (1979). For the �rst time, Krugman showed how

gains from trade can stem from the import of new varieties. Given the importance and the

extensive application of this assumption, it is quite surprising that the work of Broda and

Weinstein (2006, hereafter BW) is the �rst attempt to structurally estimate the impact of the

change in variety on the whole economy. The authors extend Feenstra�s (1994) aggregate price

index to the case of several goods; then, by using the same empirical strategy, they are able

to estimate the import bias resulting from the omission of new varieties. From the bias they

trace back the welfare gains due to variety growth, that is how much consumers are willing

to pay to access the larger set of varieties available at the end of the analysed period. They

show that the unmeasured growth in product variety has been an important source of gains

from trade in the US over the 1972-2001 period. Indeed the import bias in the conventional

price index was 28% or 1.2 percentage points per year and the welfare gains were equal to

2.6% of GDP.

In this study, the same approach is taken in order to estimate the welfare gains deriving

from the import of new variety in the case of the United Kingdom (UK) and Europe. This

is an intrinsically interesting question because no analogous estimates exist for Europe or the

UK. Moreover this further investigation o¤ers some alternative explanation for the reasons

why the change in variety took place. Indeed BW �nd that the impact of variety growth

was much stronger over the �70s and �80s but they do not clarify why this was the case; they

just refer to globalization in general. However the phenomenon of globalization has been

constantly present over the past 30 years and, if possible, some of its driving forces have been

even stronger in the last decade. Su¢ ce it to think of the surge of China and, in the case of the

US, of trade liberalizations like the North American Free Trade Agreement which came into

e¤ect in 1994. So it is not entirely clear why variety growth should have had such a stronger

e¤ect over the �70s and �80s. Europe and the UK will prove to be a very good case to test

this alternative assumption; indeed some important episodes happened in the early �90s like

the collapse of the Soviet Union and the implementation of the Single Market Programme.

These events, although obviously not completely unexpected, took place in a relative short

amount of time and might therefore o¤er a good natural experiment framework to investigate

the causes of variety growth.

Therefore this paper extends the work of BW in that it tries to trace back the prime causes

of welfare gains resulting from variety growth, without simply ascribing these e¤ects to the

general phenomenon of globalization. Moreover the strategies for handling the measurement
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error and for working out the correct form of the variance is re�ned. Finally it provides a quite

extensive robustness analysis, which assesses the e¤ects of various assumptions that remained

untested in BW�s study. Namely, the choice of the data and the classi�cation, the de�nition

of the set of goods, the weighting scheme to correct for heteroskedasticity and the form of

the measurement error. The next section outlines the theoretical framework that justi�es the

gains from new variety and provides a clear de�nition of variety; then some important issues

concerning the data are dealt with in the subsequent section. Section 4 precisely describes

the model behind the empirical strategy and provides a robustness analysis for the various

assumptions. Section 5 presents the main results; �nally conclusions and some ideas for

further research are outlined in Section 6.

2 Theoretical background

Following BW�s approach, the theoretical framework that allows to quantify the welfare gains

from variety growth is provided by the models of Spence (1976) and of Dixit and Stiglitz

(1977). The choice of this framework is due to the simple speci�cation of how consumers

value variety. Indeed the reliance on the constant elasticity of substitution utility function

proves very useful in empirical studies. It is very tractable, it allows to aggregate price changes

across markets and, above all, it is fairly easy to estimate, in that it implies a fairly simple

demand structure.

Another important issue is the way a variety is de�ned. Intuition would suggest to de�ne

a variety of a good as a speci�c product produced by a �rm; for instance a particular brand of

orange juice. This strategy would also allow to hew more closely to Krugman�s (1980) model,

whose structural assumptions are taken in this study. Unfortunately, this clashes with a sheer

practical problem, i.e. obtaining bilateral �rm-level export �ows from all the countries in the

world is simply impossible. The �nal aim of this study is to calculate the welfare gains for

the whole British economy, and so all possible imports have to be considered. Therefore the

same de�nition of Armington (1969) is adopted; goods traded internationally are considered

di¤erentiated on the basis of their country of origin. So a variety is simply a particular good

produced by a particular country, e.g., Spanish oranges.

The drawbacks of this approach are evident, it is clearly possible that a good of the same

brand is imported from two di¤erent countries; for instance Adidas trainers imported from

Vietnam and China. On the other hand, it ensures an immediate empirical application, allow-

ing the use of databases such as Comtrade or the OECD�s International Trade by Commodity

Statistics (ITCS). Moreover the potential problems are mitigated by the empirical strategy

adopted. Indeed, by estimating the elasticities of substitution at the good level, it is possible
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to obtain a diversi�cation in the degree of substitution of varieties. Whenever the elasticity of

substitution for a particular good is high, this implies that consumers tend to be rather indif-

ferent among di¤erent varieties; so they do not di¤erentiate in terms of country of origin and

the potential gains from variety growth are small. This can well be the case of goods such as

commodities and minimizes problems related to the variety de�nition like the aforementioned

one. On the other hand, low values of elasticity of substitution indicate that consumers care

about the di¤erent varieties; hence, an increase in the number of supplying countries (i.e.:

varieties) may constitute a source of welfare gains due to the love-of-variety motif introduced

by the Krugman�s model.

3 Data and Macro Evidence

In terms of data, three main sources are used: the UN Commodity Trade Statistics Database

(Comtrade), the OECD�s International Trade by Commodity Statistics (ITCS), and the Euro-

stat�s Comext. All of them o¤er bilateral trade �ows under several classi�cations; in this study

three main classi�cations are used: the Standard International Trade Classi�cation (SITC)

Revision 3, the Harmonized System (HS) 1988, and the Combined Nomenclature 2005. In

principle one would like to use data at the most disaggregated level in order to have a precise

de�nition of goods; so the CN classi�cation would be the obvious choice providing data with

the most updated de�nition of goods and at the most disaggregated level (8 digit). However

data availability problems and re-classi�cation issues impose a trade-o¤. The problem with

the Combined Nomenclature is that it is updated over time, hence it is not very stable. The

underlying classi�cation is the HS, so the two nomenclatures coincide until the 6th digit, then

the CN includes other two extra levels of disaggregation providing categories at the 8th digit.

The HS classi�cation has been reviewed in 1996 and 2002 including new categories, the CN

has incorporated these changes; hence the de�nition of goods is evolving over time creating

identi�cation problems. For this reason the HS classi�cation is taken as the benchmark and

results obtained with the other classi�cations are compared against it.

However, this strategy has a number of limitations. First of all, restricting the analysis

at the 6-digit level brings about a smaller variety growth. Indeed, the UK essentially imports

all goods at that level of aggregation, hence the possibility of an increase in the number of

varieties through the new goods dimension is fairly small. The number of goods is constrained

by the classi�cation structure, in that the total number of goods is bounded. New goods are

initially classi�ed in existing categories, which leads to an underestimation of variety growth.

This becomes immediately clear from Table 1; compared to the case of the U.S. analysed by

BW, it can be seen that, using 6-digit level data, the number of goods remains almost constant
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over time. The table does show a clear increase in the number of countries supplying each

individual goods but the data basically hide any increase in the number of goods. Whilst the

average number of supplying countries rose by 29% over the period to roughly 37 countries1,

the number of goods stayed almost constant. Surprisingly it even decreased to 4,815 from

4,886. This is a clear failure of the adopted classi�cation and the �rst immediate consequence

is an underestimation of variety growth as the channel of goods expansion, which in BW�s

study counted as much as half of the total increase in the number of varieties.

Instead the �gures for the CN in Table 2 are more comparable with the TSUSA/HTS

systems available for the US. The number of categories has risen by 38%, up to 9,644; this is

still just 59% of total categories available for the HTS system but it is quite an improvement

with respect to the HS classi�cation. The total number of varieties has increased by 58% over

the period while the average number of supplying countries rose by 27%. So compared to

the HS, the number of varieties has grown more while supplying countries about the same.

The di¤erence is that the number of average supplying countries per good is lower, in 2006

it is 28.7 versus 35.7; this is quite intuitive given the higher number of available categories.

Overall, the data from the CN system are much more comparable to those used by BW but

the problem is that these classi�cations are much more unstable over time and, as it will be

clear from the next sections, this can be a source of concern because it negatively a¤ects the

de�nition and the number of goods that can be estimated.

Even though the �gures in Table 1 and 2 are not directly comparable with those reported

by BW for the US due to the di¤erent level of aggregation and di¤erent periods, it is still

possible to compare the two economies in a broader perspective. It is well known that trade

has a much bigger importance in the UK economy, this can also be seen from the average

number of supplying countries which is roughly from 1.8 to 2.2 times bigger than in the US2.

The share of imports of goods in UK GDP is more than 80% bigger than the same value in

the US, in 2001 it was 25.7% in the UK versus 14.1% in the US3. But imports have been

growing faster in the US in the past decades: over the period 1982-2006 the share of imports

has risen by 84% in the US versus 33% in the UK. Nonetheless, the percentage increase in

the number of supplying countries has been almost the same in the two countries, perhaps

1The number of varities and hence the average number of supplying countries is overestimated in 1988; the
reason is that the e¤ect of missing values is not taken into account in this table. There are a lot of missing
quantities in the �rst years of the sample, these will be dropped during the estimation. Hence the total number
of varieties that is considered in the estimation is quite smaller in the �rst years, in 1988 it is roughly 75,000,
hence 21% smaller. The average number of countries becames 21.3 and the growth 66%.

2One might claim that the average number of supplying countries is lower in the US because of the higher
number of categories. This is surely true but it is probably safe to state that the number of supplying countries
would remain higher in the UK even if the same number of US categories were available; in fact doubling the
number of goods has just caused a 20% decrease in the average number of suppliers.

3Data are from the World Bank World Development Indicators.
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showing that variety growth in the UK has been driven more by the increase in the number

of supplying countries and not in the number of goods. In terms of supplying countries, the

story is rather similar to the one in the US. Table 2 shows the surge of China, which moved

from the twenty-third position to the �fth one, the fairly good performance of India and the

fall of Japan. A novel aspect is the evidence of the fall of the Iron Curtain; Russia moved

from the twenty-�fth to the thirteenth position, Poland from the thirty-sixth to the twentieth

position and the Czech Republic from the forty-seventh to the twenty-eighth position despite

the separation from Slovak Republic4. Even more striking is the evidence from Figure 1, it

displays the total growth in number of varieties versus the growth of varieties coming the

countries that formed the Soviet Bloc5. Total varities have increased by a mere 20% (left

axis) while varieties from ex-Soviet countries have almost tripled, increasing by a factor of

2.8 and a growth of almost 180%. This has resulted in an analogous increase of the ratio of

varities imported from these countries to the total number of varieties (right axis), it has risen

up to 11.5% in 2006 from 5% in 1988. In terms of trade (Figure 2) the increase had been

even more astonishing, total trade from ex-Soviet countries has increased by a factor of 12!

And the actual growth is probably underestimated because the German Democratic Republic

joined Germany in 1990 so it is obviously not considered. Moreover the results shown in the

�gure are calculated with data from the HS classi�cation and it might well be the case that,

given the �xed classi�cation, the actual growth in varieties were even bigger.

Hence it is clear that, although the choice of the HS classi�cation is more conservative

in terms of identi�cation strategy, it nonetheless comes at a cost. The growth in variety

is probably underestimated and this can jeopardize the outcome of the analysis. Results

according to the two di¤erent classi�cation will be shown in the next sections. Moreover from

this �rst analysis it seems clear that events like the fall of the Iron Curtain might well have

had a signi�cant impact on variety growth. Or, even more ambitiously, it can be claimed that

these events have been one of the prime causes of variety growth and the consequent welfare

gains in the UK over the past two decades.

4 In Table 2, countries are ranked in terms of trade value. Little changes in terms of number of goods
imported; Poland moved from the thirtyfourth to the twentieth position and Czech Republic from the thirty-
second to the twenty-sixth position; only Russia did not move, ranking forty-fourth both in 1988 and 2006.

5The former Soviet countries are: the USSR Republics (Armenia, Azerbaijan, Belarus, Estonia, Georgia,
Kazakhstan, Kygyzstan, Latvia, Lithuania, Moldova, Russia, Tajikistan, Turkmenistan, Ukraine, Uzbekistan);
the countries in the Comecon (Albania, Bulgaria, Czechoslovak, Cuba, German Democratic Republic, Hungary,
Mongolia, Poland, Romania, Social Republic of Vietnam) and the associate countries (Yugoslavia that split
into: Bosnia, Croatia, Kosovo, Macedonia, Serbia & Montenegro, Slovenia).
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4 Empirical Strategy

The empirical strategy of this paper is based on the work of BW which, in turn, draws heavily

on the work of Feenstra (1994). The main merit of their analysis is to generalize Feenstra�s

methodology in order to calculate an aggregate import price index by combining all imported

goods into a composite import good. In this study the same estimation method is applied

and a robustness analysis is performed in order to compare di¤erent versions of the estimation

model in terms of the weighting scheme and of the strategy to handle the measurement error.

4.1 Theory

BW extend the Feenstra Price Index, which allows for taste and variety changes for a single

good, to the case of several CES aggregate goods. They adopt a three-level CES utility

function, similar to Helpman and Krugman (1985, Ch. 6), which allows to estimate the impact

of variety growth on prices and then welfare. In order to understand the main contributions

of the two papers, it is necessary to de�ne the main quantities that pin down the exact price

index. The utility function is separable into a domestic good, D t, and a composite imported

good, M t. The composite imported good gives the overall utility at time t generated by the

consumption of all imported goods. A particular imported good, g, is in turn composed of all

the varieties of that good consumed at time t. So the lowest level of the utility function, which

coincides with the utility derived by the consumption of a single good, and the corresponding

minimum unit-cost function are de�ned as follows:

Mgt =

 X
c2C

d
1=�g
gct (mgct)

(�g�1)=�g

!�g=(�g�1)
(1)

�Mgt (Igt;dgt) =

0@X
c2Igt

dgct(pgct)
1��g

1A1=(1��g) (2)

where mgct is the particular variety of good g imported from country c at time t ; �g (>1) is

the elasticity of substitution among varieties of good g ; dgct is a taste or quality parameter;

pgct is the price (or better unit value) of variety c of good g in period t. C is the set of all

countries and Igt � C is the subset of all varieties of good g consumed in period t.

The second level of the utility function, which aggregates over all goods and pins down

the composite imported good, M t, is similarly de�ned, together with the unit-cost function,

as follows:
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Mt =

0@X
g2G

M
(�1)=
gt

1A=(�1) (3)

�Mt =

0@X
g2G

(�Mgt (Igt;dgt))
1�

1A1=1� (4)

where  (>1) denotes the elasticity of substitution among imported goods and dgt is the

vector of quality parameters for each country. Finally the upper level of the utility function

which aggregate the domestic good and the composite imported good is given by:

Ut =
�
D
(��1)=�
t +M

(��1)=�
t

��=(��1)
(5)

where � (>1) is the elasticity of substitution between the two goods.

We are now ready to state the two main contributions of BW and Feenstra�s works in the

following two propositions.

Proposition 1 For g 2 G, if dgct=dgct�1 for c 2 Ig = (Igt \ Igt�1); Ig 6= ?, then the exact
price index for good g with change in varieties is given by:

�g =
�Mgt (Igt;dgt)

�Mgt�1(Igt�1;dgt)
= PMg

�
�gt
�gt�1

�1=(�g�1)
(6)

where �gt =

P
c2Ig

pgctxgctP
c2Igt

pgctxgct
, �gt�1 =

P
c2Ig

pgct�1xgct�1P
c2Igt�1

pgct�1xgct�1
and PMg is the conventional price index

for good g over a constant set of varieties.

Proposition 2 If dgct=dgct�1 for c 2 Ig 6= ? 8g 2 G, then the exact aggregate import price
index with variety change is given by:

�g =
�Mt (It;dt)

�Mt�1(It�1;dt)
= CIPI

Y
g2G

�
�gt
�gt�1

�!gt=(�g�1)
(7)

where CIPI is the aggregate conventional import price index, !gt = f(pgct; xgct) are log-change

ideal weights:

Although rather condensed, it is quite straightforward to understand the main results of

the two propositions that allow to calculate the welfare gains stemming from variety growth.

In summary, the main goal of the analysis is to compute the value of the lambda ratio for
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each good; this is the deviation of the exact price index with change in varieties from the

conventional price index. The lambda ratio de�nes the importance of new varieties; indeed

the higher the expenditure share of new varieties, the lower is �gt, and the smaller is �g with

respect to the the conventional price index PMg . The lambda ratio also depends on �g, which

is the estimated elasticity of substitution for the particular good g. It is important to notice

that when the elasticity is big the lambda ratio tends to one so the di¤erence between the

two price indices is small. This implies that when new varieties are close substitutes to the

existing ones, the Feenstra Price Index does not di¤er much from the conventional price index

and the gains from variety growth are small because consumers do not care much about the

new varieties. So, in this framework, the measure of variety growth is not simply given by

the number of varieties but it takes into account taste or quality di¤erences that a¤ect the

share of expenditures among the di¤erent varieties. This corrects the so-called �quality bias�.

Moreover, allowing for good-speci�c values of the elasticity of substitution, it is also possible

to correct the �symmetry bias�among the available goods.

Then the di¤erence between the exact and the conventional aggregate import price index

is simply calculated as a geometric weighted average of the lambda ratios, this term is referred

to as import bias. The weights are ideal log-change weights, which are a function of prices

and quantities for all the varieties of a particular good. Finally, the welfare gains due to

variety growth are obtained by raising the import bias to the ideal import share over the

considered period; this share represents the fraction of imported goods in total GDP6. It

is worth noticing that the import bias is de�ned over the period taken into consideration;

therefore in Proposition 1 and 2 one should read the starting and �nal year of the period,

instead of t and t-1.

4.2 Estimation Method

The entire procedure for obtaining an estimate of the welfare gains due to variety growth can

be summarized by the following steps:

1. De�ne the set of goods G ;

2. Obtain estimates of the good-speci�c elasticity of substitution, �g;

3. Calculate the �gt ratios which capture the role of new varieties for every good g ;

4. By combining estimates of �g with the measures of variety growth for each good, obtain

an estimate of how much the exact price index for good g moved as a result of the

change in varieties (the lambda ratio);
6All the log-change ideal weights are de�ned in the appendix in equations (A.2) and (A.3).
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5. Apply the ideal log weights (!gt) to the price movements of each good in order to obtain

an estimate of the bias on the exact aggregate price index (the import bias, see equation

7);

6. Calculate the welfare gain or loss from these price movements using the ideal import

share in the period (equation A.3);

7. Bootstrap the entire procedure to obtain an estimate of the standard error of the various

quantities.

The �rst two steps are the most involved ones; the de�nition of the set of goods is not

as obvious as one might think. It is indeed a¤ected by the estimation methodology of �g,

which, overall, is the core part of the entire procedure. The main steps and assumptions

which underline the estimation of the elasticities of substitution are shown in the appendix.

At this stage, it su¢ ces to understand the �nal equation which takes the following form:

(�k ln pgct)
2 = �1(�

k ln sgct)
2 + �2(�

k ln pgct�
k ln sgct) + ugct (8)

where �kxgct = �xgct � �xgkt = (xgct � xgct�1) � (xgkt � xgkt�1), sgct is the cost share of

variety c in total expenditures of good g (de�ned in equation A.5), and �g = f(�1; �2) as

shown in Proposition 3. This equation is obtained by assuming a particular form for the

supply curve and taking �rst di¤erences of prices (unit values) and shares twice: �rst with

respect to time and then to a reference country k. Unfortunately it still not possible to

consistently estimate equation (8) because prices and expenditure shares are correlated with

the error term. Nevertheless, it is possible to obtain a consistent estimator for the thetas and

hence for the elasticity of substitution by averaging (8) over time. Estimation is still possible

because �g and the supply elasticity7 are assumed to be constant over the varieties of the

same good; the former due to the CES demand structure, the latter for the particular form

of the supply curve, whose elasticity is assumed to be equal across all supplying countries.

Hence taking the sample means of the variables, equation (8) can be rewritten as:

(�k ln pgct)2 = �1(�k ln sgct)2 + �2(�k ln pgct�k ln sgct) + ugct (9)

From the assumption that underlines the identi�cation strategy8, E [ugct] = 0. This implies

that in large samples the error term in (9) disappears and the equation can be consistently

estimated. Let b�1 and b�2 denote the estimates of �1 and �2 obtained by running weighted least
7De�ned in equation (A.7).
8Supply and demand error terms are assumed to be independent, see equation (A.10). A further condition

to get identi�cation requires to have some di¤erence in the relative variances of the two error terms.
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squares (WLS) on (9), it turns out that these are equivalent to the Hansen�s (1982) GMM

estimator de�ned as follows:

b�GMM = argmin
�2�

ugct(�)
0Wugct(�) (10)

where � =
�
�g
�g

�
as de�ned in equation (A.13), and W is a positive de�nite weighting matrix.

In order to get a consistent estimate for �g, b�1 and b�2 are �rst obtained by running WLS
on (9); then �g is computed using Proposition 3. Whenever an unfeasible value for �g is

obtained (<1), a constrained9 numerical minimization of (10) is performed using the Nelder

and Mead�s (1965) simplex algorithm.

The de�nition of the set of goods would seem immediate, indeed it is intuitive to identify

a good with the most disaggregated available category, in this case at the 6 or 8-digit level.

As shown in Table 1 there are 4,886 HS or 5,982 CN categories that are available over the

1988-2006 period. Unfortunately the estimation strategy impose to take �rst di¤erences twice.

The �rst two years are lost by taking �rst di¤erences with respect to time; this because the

expenditure shares are de�ned (see equation A.5) on the set of common varieties between year

t and year t-1 so the �rst data point is lost in this calculation. Moreover, since di¤erences

are also taken with respect to a reference country k, each good needs at least one country (i.e.

variety) which should always be present in the data set, without any missing year. Hence,

since there are two independent variables in (9), at least three countries for each good are

needed in order to get identi�cation. One of these has to be a supplier of the good in every year

and the other two in at least three consecutive years10. This requirement a¤ects the de�nition

of the set of goods because it is not satis�ed for all 6 or 8-digit categories. Whenever this

happens, a good is de�ned at the upper level. Following this procedure the number of goods

turns out to be equal to 2,935 for the HS classi�cation and 1,538 for the CN system. So even

if the CN starts with many more categories, because of the evolution of the classi�cation, the

�nal number of estimated goods is actually quite smaller. The impact of the choice of the

good de�nition will be tested in the result section. An alternative de�nition will be proposed,

that is to simply drop all the goods that cannot be identi�ed at the most disaggregated level.

Given the non-linearity of the problem, the standard errors on the estimates of the lambda

ratio, the import bias and the welfare gains are obtained by bootstrapping each estimate of �g
9The variables are constrained as follows: 1 < �g � 135:5 and 0 � �g < 1. Once a solution is obtained

the non-linear condition �g � (�g � 1) =�g is checked. If the condition is not satis�ed, it implies that a bigger
value of �g would be needed. In the rare event that this happens (on average less than 0.1% of all estimates),
�g is assumed to be equal to 140. All results are very robust to these assumptions, the choice of a max value
of sigma equal to 140 has not impact on the �nal result.
10Actually, as it will be clear in the next section, the needed countries are four. In order to minimize the

impact of measurement error another variable is added to the right hand side of (9).
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50 times and by recalculating the various quantities for each set of parameters. As robustness

check, standard errors on the �g are also calculated using the delta method for the sub-sample

of goods that can be estimated analytically.

4.3 Measurement Error and Robustness to the Weighting Scheme

Unfortunately a direct measure of prices is not available, so pgct is calculated as unit value.

This procedure implies that prices are surely measured with some error. In order to mitigate

this problem, Feenstra (1994) suggests to add another variable in equation (9); he simply adds

a constant which will re�ect the variance of the measurement error. BW re�ne his method

by making some more assumptions on the form of the error. This will also a¤ect the strategy

for the form of the weighting matrix in the WLS estimator.

Let pgcti be the price of a particular product of variety c of good g ; so that the trade value

pgctxgct =
P
i pgcti because the quantity of each product, xgcti, always equal one (i.e.: in case

of more items of the same products, the same price is added several times). They assume

that product prices are measured with an i.i.d. error such that pgcti = epgcti�gcti where epgcti is
the true price and pgcti is the measured price. In this case the error has mean zero and:

var(ln �gcti) = �2 (11)

cov
�
ln �gcti; ln �gc�sj

�
= 0 8 c 6= c�; t 6= s; i 6= j (12)

By assuming that the log of the geometric mean price of a variety is approximately equal to

the log of the arithmetic mean, it is possible to compute the variance of ln pgct as follows:

�2ln pgct � var

�
ln

�P
i pgcti
xgct

��
� var

24ln
0@ Y

i

pgcti

!1=xgct1A35 =
=

1

x2gct
var

 X
i

�
ln epgcti + ln �gcti�

!
=

1

x2gct
xgct�

2 =
1

xgct
�2 (13)

Now, thanks to the assumptions on structure of the error (zero mean and condition 12),

E(�k ln pgct)
2 = E ((ln pgct � ln pgct�1)� (ln pgkt � ln pgkt�1))2 =

= �2gckt + �
2

�
1

xgct
+

1

xgct�1
+

1

xgkt
+

1

xgkt�1

�
(14)
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where �2gckt is the variance of the true price di¤erences over time and with respect to variety

k. Averaging this across all periods:

E
1

T

X
t

(�k ln pgct)
2 =

1

T

X
t

�2gckt + �
2 1

T

X
t

�
1

xgct
+

1

xgct�1
+

1

xgkt
+

1

xgkt�1

�
(15)

This implies that the equation (9) should be modi�ed by adding the following error adjustment

term to the right hand side:

err_adj_2 = b�3 1
T

X
t

�
1

xgct
+

1

xgct�1
+

1

xgkt
+

1

xgkt�1

�
(16)

where b�3 =c�2 is a parameter to be estimated. This equation slightly modi�es BW�s approach
since they add an analogous term, given by:

err_adj_1 = b�3 1
T

X
t

�
1

xgct
+

1

xgct�1

�
(17)

which does not take into account the �rst di¤erence with respect to the reference country k.

Since an error is likely to be present also in the measure of the prices of variety k, the choice

of the reference country might a¤ect the �nal results; hence the estimates might be more

robust to measurement error if the modi�ed term err_adj_2 is added instead of the term

err_adj_1.

BW use a similar line of reasoning to justify their strategy for the weighting matrix of the

WLS estimator; heteroskedasticity is very likely to be present because if prices are measured

with error, so are their sample variances. Hence, they try to correct for this heteroskedasticity

by assuming that the sample variances are inversely related to the quantity of goods used in

order to calculate unit values and to the number of periods. They claim that the variance of

the left-hand side of equation (9) is proportional to:

1

T 3

�
1

xgct
+

1

xgct�1

�
(18)

Analogously to the analysis performed for the measurement error, the variance can be alter-

natively de�ned in order to consider the �rst di¤erences with respect to the reference country

k ; the claim is that it takes the following form:

1

T 3

�
1

xgct
+

1

xgct�1
+

1

xgkt
+

1

xgkt�1

�
(19)

and hence the weights are given by:
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weight_2 = T 3=2
�
1

xgct
+

1

xgct�1
+

1

xgkt
+

1

xgkt�1

��1=2
(20)

The weights corresponding to the original form of the variance (equation 18) are similarly

de�ned and are denoted as weight_1.

In order to assess how the various assumptions on the measurement error and on the

weighting scheme a¤ect the �nal results, a robustness analysis is performed. Five di¤erent

speci�cations of the model are de�ned on the basis of the error adjustment term and the

weighting scheme; all possible combinations are tried. In order to assess the presence of

heteroskedasticity, three di¤erent tests are performed; the White�s (1980) general test that

does not impose any structure on the heteroskedasticity and two di¤erent versions of the

Breush and Pagan�s (1979) test, which instead requires a speci�c alternative hypothesis on

the nature of the heteroskedasticity. The �rst version is run by assuming that the variance is

a function of the quantities de�ned in equation (18) or (19) depending on the model11; in the

second the variance is assumed to be simply proportional to the �rst independent variable in

equation (9), that, in turn, is proportional to expenditure shares.

Table 4 contains the results for the various speci�cations. The �rst thing to notice is that

the number of goods is limited to the sub-sample for which the elasticity can be estimated

analytically. The hypothesis of homoskedasticity can be immediately rejected; the general

White test reveals some form of heteroskedasticity in all models, with signi�cant estimates for

more than 65% of the goods. For the analysis of the Breush-Pagan test, it makes more sense

to consider the two unweighted speci�cations only12 (Model 0 and 2); a form of the variance,

as assumed in equation (18) or (19), does not seem a completely implausible assumption,

with 30% of signi�cant estimates13. The two forms of variance perform in a very similar way.

However, a variance proportional to expenditure shares seem to perform even better, with 40%

of signi�cant estimates. Hence some further analysis would be needed, it would be interesting

to also get the results for another speci�cation, characterized by this form of variance. Among

the two weighted models, results do not give a strong preference, even though model 3 which

is characterized by the modi�ed form of variance (equation 19) perform slightly better in all

tests. The choice of this speci�cation is also suggested by the more conservative results that

it generates, as it will be clear in the next section.

In principle the weighting strategy should not in�uence the estimator that should remain

11 In models 0 and 2 the test is run against the �rst form of variance while in models 1 and 3 against the
second one.
12 In any case the results for the weighted models are consistent; very few signi�cant estimates are found for

the Breush-Pagan test that assumes the same form of variance whilst a lot for the second one.
13With data from the SITC Rev. 3 classi�cation, the number of sign�cant estimates increases to 40%.
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consistent regardless of the weights used, as long as the weights are uncorrelated with the

error term. If the right structure is chosen, the estimator is more e¢ cient but, ultimately, this

does not a¤ect the current analysis directly, since the �nal standard errors are obtained by

bootstrapping the entire procedure. It will turn out that the weights a¤ect the value of the

estimates signi�cantly14; hence this can indicate some misspeci�cation in the original model,

a wrong de�nition of the weights or that the samples are too small. The last one might be the

�rst culprit, indeed the error term in (9) vanishes only if T goes to in�nity. Since our samples

contain just 17 data points, it might well be the case that the disturbances do not disappear.

Hence both the regressors and the weights are likely to be correlated with the error term and

it is hard to assess whether the introduction of the weights is bene�cial or introduces further

distortion into the model. For this reason it is di¢ cult to �nd evidence in favour of one model

a priori, and the safest strategy is to carry out an extensive robustness analysis to evaluate

how much the estimates are sensitive to the choice of the weighting scheme.

5 Results

5.1 Welfare Gains in the UK and Robustness Analysis

The �rst set of results refers to the period 1988-2005 and it is generated using the CN classi-

�cation. This classi�cation varies over time and allows the expansion in the number of goods,

so it does not underestimate variety growth as the HS classi�cation, whose categories are

stable over time. The potential problem with this classi�cation is related to the de�nition of

the goods, since the categories are updated over time many goods cannot be identi�ed at the

8-digit level. Hence the data have to be aggregate up and the goods must be de�ned at an

upper level losing part of the appealing of a more disaggregated classi�cation and introducing

the potential problem that the results might be biased because of the di¤erent aggregation

levels at which goods are de�ned. The same set of models de�ned in the previous section

is used; this extends the robustness analysis in order to get a sense of how the �nal results

vary depending on the assumptions on the measurement error and the form of the variance.

Standard errors and con�dence intervals are obtained by bootstrapping the entire procedure

50 times. Table 5 summarizes the results for the main variables of interest. Surprisingly they

are not very robust to the weighting scheme15; the reasons outlined in the previous section

apply. The model 1, characterised by the weighting scheme proposed by BW, gives the high-

14The welfare estimates obtained by running the unweighted models are smaller for all the classi�cations
used. In the case of the SITC Rev. 3 classi�cation, the welfare gains
15The same set of results obtained using the SITC classi�cation depends even more strongly on the weighting

scheme; the welfare gains computed with model 1 are twice as big as the gains obtained with model 3 and
almost six times bigger than the simple unweighted OLS results.
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est welfare gains whilst the unweighted models the lowest. The proposed modi�ed weighting

scheme (model 3) is in the middle, proving to be a sensible and possibly even more robust

alternative. The welfare gains under the last-named model amounts to 6.54% over the whole

period. The main reason why the gains are much bigger compared to the US is to be sought

into the higher openness to trade of the UK; in fact the ideal import share is much bigger,

namely 22.5 for the period 1988-2005 versus 10.3 in the US for 1990-2001.

Table 6 shows the analogous results obtained with the HS classi�cation for the period

1988-2006. It is easy to notice the welfare gains are lower across the board. This is likely to

be the consequence of the �xed de�nition of the categories in the HS system, which prevents

the number of goods to increase over time. Hence the welfare gains due to variety growth are

likely to be underestimated. The results are still quite sensitive to the weighting scheme, the

two weighted models now give very similar welfare gains amounting to 1.9% over the period.

Instead the welfare gains under the two unweighted models are sensibly lower, around 1.1%,

showing the sensitivity of the results to the assumed weighting scheme. Since the presence of

heteroskedasticity in the data is very likely but the real weights are not known, it is useful to

show results under several speci�cations in order to get a range of variation for the estimates

of the welfare gains. As the variety growth is likely to be underestimated in this framework, it

is quite safe to take 2% as a benchmark for the welfare gains over the period; this is more than

the lowest value but it is still far from the upper estimated obtained with the CN classi�cation,

which allows the expansion in the number of goods.

One would tend to set the results obtained with the CN classi�cation as the benchmark,

after all the aim of the present analysis is to compute the welfare gains due to variety growth

and the CN system gives the best measure of variety. Once again, the problem is related

to the de�nition of the goods. The �rst lines of the previous two tables show that even

though the data are more disaggregated under the CN system, the number of de�ned good

is lower: 1,538 versus 2,935 obtained with the HS classi�cation. Since many new categories

are appearing in the CN classi�cation, in order to get identi�cation the goods have to be

de�ned at a more aggregated level. This brings about a huge reduction in the number of

goods: 1,538 versus 9,644 categories available at the 8-digit level in 2005. This can well have

an impact on the �nal results because the lambda ratios depend on the estimated elasticities

of substitution and it is likely that these vary according to the level of aggregation at which

the goods are de�ned. It is intuitive that goods de�ned at a more aggregate level will have a

lower value of elasticity because consumers are less likely to substitute for other goods; this

can potentially bias the results upwards because less substitutable goods means higher welfare

gains for variety growth. Hence from this point of view, the HS classi�cation is much safer

because bulk of the goods are still de�ned at the most available disaggregation level.
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In order to test the impact of the good de�nition, an alternative way to solve the identi�-

cation problem is proposed. This is as simple as keeping the categories that can be identi�ed

at the 6-digit level only (or 8-digit for the CN); everything that cannot be identi�ed is thrown

away and hence all the goods are de�ned at the 6-digit level. Then starting from this core

part of identi�able data the level at which the goods are de�ned is changed, hence isolating

the e¤ect of the good de�nition only. The results of the exercise for the HS are shown in

Table 7. It easy to notice that the total number of goods grows a lot, in fact 4,136 categories

can be identi�ed at the 6-digit level (last but one line in the table). The reason is that in

the process of aggregation many categories that are actually identi�able are joined with those

that are not, all together they become varieties of the same (more aggregate) good that is

now identi�able. For the data from the HS the number of categories that is thrown away is

not that big, in terms of total trade this is just 8.5%, hence we are estimating variety growth

using 91.5% of total trade. Ultimately what interests in this exercise is to quantify the relative

change of the estimates of welfare gains when the level at which goods are de�ned is varied.

But in order to make the estimates comparable with the results for the total value of trade

the welfare gains are calculated as if the estimated subset of categories represented the total

of trade; that is the log-change ideal weights are recomputed and sum up to one and the ideal

import share is not modi�ed, so it still represents the total of imports. It is not possible to

claim that the results are perfectly comparable because the elimination of some categories can

well bias them in either direction, but still it makes the comparison more direct and easier.

Interestingly enough, the results obtained with the proposed new speci�cation (model 3)

show that the level at which the goods are de�ned does not have such a big impact; the welfare

gains are quite robust remaining very close to 2%. As one might expect the average value of

the estimated sigmas decreases if the goods are de�ned at a more aggregated level; the average

sigma decreases to 3.41 from 12.38 when goods are de�ned at the 6-digit level. Nevertheless

the estimated welfare gains do not grow consequently. The main reason for that is probably

the fact that the standard deviation decreases a lot as well; hence estimates tend to similar

values and outliers in either direction are eliminated. Since the entire calculation is highly

non-linear, the elimination of few very low values counterbalances the fact that the average

sigma is decreasing. The weighting scheme proposed by BW (model 1) instead seems a bit

more sensitive to the level at which goods are de�ned; the estimate of welfare gains increases

up to 3.1% when the goods are de�ned at the 3-digit level16. This is a further reason why the

modi�ed weighting scheme is preferred to the original one; a stronger robustness to the level

16The welfare gains decrease to 2.66% when goods are de�ned at the 2-digit level. This drop might seem
odd since the average sigma is decreasing; apart from the reasons outlined in the text, another explanation is
that the number of goods gets very low (96), hence the entire estimation becomes less meaningful.
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at which goods are de�ned is a desirable property, especially when the goods are de�ned at

di¤erent aggregation levels or when the classi�cation used is changed.

5.2 The Fall of the Iron Curtain

The previous results demonstrate the presence of welfare gains even in a framework where

the change in variety is underestimated due to the classi�cation used that does not allow

for goods expansion. At this stage it is interesting to shed some light on the prime causes of

these gains, and ultimately to understand where variety growth comes from. In the case of the

US, welfare gains are bigger during the �70s and �80s and the main reasons can be ascribed

to the industrialization of Asia and various trade liberalizations. However it is di¢ cult to

understand which are the factors that played the biggest role and BW limit themselves to

generically indicate globalization as the main cause. In the case of Europe the picture might

di¤er; China and the increase of trade with East Asian countries, which can simpli�ed with the

term globalization, have surely a great importance. But this is a phenomenon which has been

constantly present over the past 30 years while UK and Europe has known two important and

more sudden events in the early �90s, namely the creation of the Single European Market and

the Iron Curtain�s Fall. These events surely deeply modi�ed the socioeconomic environment

in a shorter time frame, the latter in particular. Hence, in the case of the UK and Europe, it

is interesting to understand whether the welfare gains due to variety growth have been greater

over the �90s and what sort of role has been played by these two events.

Figure 1 already showed quite explicitly the important role played by the former Soviet

countries in the growth of varieties imported in the UK. At this stage, a more detailed analysis

is performed in order to precisely estimate the contribution of those countries. A �rst strategy

asks whether the welfare gains from variety growth are bigger for the goods in which ex-Soviet

countries have a bigger exporting share. In order to do so all the goods are ranked in terms

of the ratio of trade value from those countries to total trade. The goods corresponding to

the top percentiles of that ratio are selected and the bias and the welfare gains are computed.

Interestingly enough, the goods for which former Soviet countries have a bigger exporting

share over the period, generate very big welfare gains. The last line of Table 9 shows that

the top 334 goods (de�ned at di¤erent disaggregation levels) generate a bias that is roughly 3

times bigger than the bias obtained for all of the imported goods; that is, if the total variety

growth had matched the growth of the top 334 goods the welfare gains would have been equal

to 6.29% and not just 1.93%. A potential �aw of this analysis is related to the de�nition

of goods. In fact, the aggregation strategy used to overcome the identi�cation problems is

a¤ected by the elimination of some of the 6-digit categories; this causes a modi�cation of the

de�nition of the goods that can potentially in�uences the analysis. In order to rule out all
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these problems, goods are once again de�ned at the 6-digit level only, i.e. all the goods that

are not identi�ed at the 6-digit level are eliminated. In this way the comparison with the

welfare gains for the total sample is not �awed by the good de�nition. Results are shown in

the �rst three lines of Table 9; even in this case the goods for which ex-Soviet countries have

a bigger exporting share bring about signi�cantly bigger welfare gains. This result is quite

robust to the number of goods included. The picture does not change much if the top 1030,

585 or 176 goods are considered; in any case the welfare gains would have been roughly twice

as big if the total variety growth had been the same.

The previous analysis simply considers the goods that have a high share of imports from

ex-Soviet countries but this does not rule out the fact that most of the gains from variety

growth might come from other countries that export the same goods. Hence a better strategy

is to calculate the share of welfare gains that directly comes from those countries. One would

like to calculate the contribution of a country or a set of countries for each good and then sum

over all the goods to obtain the total gains from that particular country. The best solution

would be to calculate log-change ideal weights for each country and each good but this would

require each country to export all of the goods both at the beginning and at the end of the

analysed period. That is, it is not possible to calculate the contribution of a country if it did

not export the good at the beginning of the period. An alternative solution is to calculate

simple weights based on the cost shares of each country in 2006; this allows to decompose

the total welfare gains by country but based on the values of the last year only, hence it

overweights countries that have grown faster over the analysed period. The cost share of

Soviet countries is calculated as follows:

sg;sov;t =

P
k2Isov;t

pgktxgktP
c2Ig

pgctxgct

where Ig is the set of common varieties between the starting and the �nal year of the period,

Isov;t is the set of Soviet varieties and t in this case is 2006. The weight for the ex-Soviet

countries is then simply their cost share divided by the sum of total cost shares (Soviet and

non-Soviet). The lambda ratio of each good is now raised to its log-change ideal weight times

the Soviet weight. Hence it is possible to calculate the bias stemming from former Soviet

countries only and the total bias is simply: Bias = BiasSov �Biasnon�Sov, that is the product
of the Soviet and non-Soviet bias.

This calculation is shown at the bottom of Table 6; using the model 3 the welfare gains

from the former Soviet countries accounts for 12% of the total. This is quite a big contribution

considering that the trade value from those countries accounts for 6.4% of total imports in
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2006, up from a mere 1.6% in 1988. Variety growth from those countries has been quite

big over the period so it is likely that their weight is slightly overestimated; nonetheless it is

interesting to notice that the calculated contribution matches very well the share in the total

number of varieties that was 11.5% in 2006 as shown on Figure 1. In summary, even from this

more detailed analysis it is clear that the contribution of ex-Soviet countries to the growth

in varieties has well exceeded their trade share. Moreover the UK has experienced quite a

remarkable variety growth from former Soviet countries, hence it can be stated that the fall

of the Iron Curtain has been one of the prime causes of the welfare gains from variety growth

over the past 20 years.

6 Conclusions and Further Research

The present study applies the same approach of BW and Feenstra (1994) to investigate the

e¤ects of variety growth in the UK over the period 1988-2006. The methodology is modi�ed by

providing a re�nement of the measurement error analysis and an improved form of the variance

which is the basis of the weighting scheme used for the WLS estimation. A robustness analysis

is performed in order to understand the importance of the various assumptions taken and to

assess the impact on the �nal results. The proposed weighting scheme has proven to be more

robust to the de�nition of goods and to the classi�cation used.

More importantly, this paper tries to shed light on the causes behind the change in variety

without contenting itself with general reasons like globalization. It turns out that the fall of

the Iron Curtain and the expansion of trade with the countries of the former Soviet bloc had

a positive e¤ect on the welfare of the UK. Overall, new varieties account for an increase of

welfare equal to 2% of GDP between 1988 and 2006 in the most conservative estimate, which

is using the HS system that is very stable over time. When the CN classi�cation is used, the

welfare gains are much bigger but also less robust to the model used. Even bigger gains are

found when the SITC classi�cation is used, however the strategy used for the weighting scheme

have a strong e¤ect on the �nal results. From the analysis it is evident that after the fall

of the Iron Curtain the variety growth coming from former Soviet countries have been quite

remarkable, accounting for 12% of the total welfare gains. This is quite a big contribution

considering that the trade value from those countries accounts for 6.4% of total imports in

2006, up from a mere 1.6% in 1988. If the total growth in varieties had matched the growth

from ex-Soviet countries, the total welfare gain would have been at least twice as big. As

future research it would be interesting to investigate whether the Single Market Programme,

that was implemented roughly in the same years, had any e¤ect on variety growth and welfare.
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Year Goods

Number of
HS

categories

Average
number of
exporting
countries

Total
number of
varieties

Share of
total

imports
All 4,886 27.7 95,025 100%
Common 4,714 27.9 93,445 94.6%
Not in 2006 172 16.7 1,580 5.4%

All 4,815 35.7 115,131 100%
Common 4,714 35.6 113,590 94.2%
Not in 1988 101 45.9 1,541 5.8%

1988

Table 1: Variety in UK Imports (1988  2006)

2006

Source: OECD  ITCS  HS 1988.

Year Goods

Number of
CN

categories

Average
number of
exporting
countries

Total
number of
varieties

Share of
total

imports
All 7,011 22.6 102,887 100%
Common 5,982 23.1 92,104 86.7%
Not in 2005 1,029 18.1 10,783 13.3%

All 9,644 28.7 162,102 100%
Common 5,982 28.6 106,540 51.9%
Not in 1988 3,662 28.7 55,562 48.1%

1988

Table 2: Variety in UK Imports (1988  2005)

2005

Source: Eurostat  CN 2005
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Country 1988 1993 2006
Germany 1 1 1
United States 2 2 2
France 3 3 3
Netherlands 4 4 4
Japan 5 5 11
Italy 6 6 8
Belgium 7 7 7
South Africa 8 11 17
Ireland 9 8 10
Sweden 10 10 12
Norway 11 9 6
Spain 12 12 9
Denmark 13 15 14
Switzerland 14 14 19
Canada 15 17 15
Finland 16 16 24
Hong Kong 17 20 27
Chinese Taipei 18 18 25
Korea 19 25 22
Portugal 20 23 23
Austria 21 26 26
Brazil 22 28 33
China 23 13 5
Australia 24 27 30
Former USSR 25 31* 13*
India 26 24 21
Singapore 27 21 18
New Zealand 28 34 53
Saudi Arabia 29 22 47
Israel 30 33 39
Poland 36 35 20
Former Czechoslovakia 47 42** 28**

Table 3: Ranking of UK Supplying Countries

Supplying countries are ordered in terms of trade value; top 30 countries in
1988 included, plus Poland and Czech Republic. Data from OECDITCS HS
1988. *: Russian Federation; **: Czech Republic
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Figure 1: Variety Growth from ExSoviet Countries
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Figure 2: Trade Growth from ExSoviet Countries
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(0) (1) (2) (3)

Num. Of Goods 2280 2333 2268 2312

999*** 1372*** 1016*** 1134***
323** 360** 330** 372**
190* 181* 167* 197*

Total Significant 66.32% 82.00% 66.71% 73.66%

486*** 14*** 488*** 14***
115** 66** 121** 68**
69* 186* 72* 172*

Total Significant 29.39% 11.40% 30.03% 10.99%

499*** 1589*** 510*** 1494***
243** 177** 252** 200**
159* 82* 162* 114*

Total Significant 39.52% 79.21% 40.74% 78.20%

Statistic

Table 4: Heteroskedasticity Tests

Data: OECD  ITCS  HS 1988; Period: 19882006. ***, **, * indicate significance at 1%, 5% and 10%
level, respectively. Model 0: err_adj_1 and no weights. Model 1: err_adj_1 and weight_1. Model 2: err_adj_2
and no weights. Model 3: err_adj_2 and weight_2

White Test

BreushPagan
Test (Variance)

BreushPagan
Test (Exp.
Shares)

Model

26



(0) (1) (2) (3)
Num. Of Goods 1538 1538 1538 1538

2 digit 2 2 2 2
3 digit 99 99 99 99
4 digit 156 156 156 156
5 digit 68 68 68 68
6 digit 135 135 135 135
7 digit 29 29 29 29
8 digit 1049 1049 1049 1049

Mean 13.16* 8.73 13.38* 10.83
St. err.  0.65  0.80
Percentile 5 1.78 1.44 1.81 1.55
Median 3.46 2.68 3.54 2.89
Percentile 95 135.49 21.12 135.49 90.83

Percentile 5 0.463 0.305 0.480 0.358
Median 0.982 0.973 0.983 0.977
Percentile 95 1.268 1.465 1.254 1.391

Estimate 0.783 0.716 0.786 0.754
Conf. Int. [0.717, 0.797] [0.668, 0.735] [0.749, 0.808] [0.727, 0.776]

Estimate 5.65% 7.81% 5.57% 6.54%
Conf. Int. [5.25%, 7.77%] [7.16%, 9.49%] [4.91%, 6.71%] [5.86%, 7.44%]

Data: Eurostat  Comext  CN 2005. *: two very big values of sigma are dropped. See notes in Table 4.

Sigma

Lambda Ratio

Bias

Welfare Gains

Table 5: The Impact of Variety Growth in the UK (19882005)  Combined Nomenclature

Quantity Statistic
Model
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(0) (1) (2) (3)
Num. Of Goods 2935 2935 2935 2935

3 digit 49 49 49 49
4 digit 130 130 130 130
5 digit 92 92 92 92
6 digit 2664 2664 2664 2664

Mean 14.18 10.42 14.39* 9.17
St. err. 0.99 1.71  0.49
Percentile 5 1.71 1.44 1.71 1.53
Median 3.49 2.81 3.55 2.89
Percentile 95 135.48 20.89 135.49 25.18

Percentile 5 0.585 0.467 0.588 0.521
Median 0.976 0.966 0.977 0.968
Percentile 95 1.123 1.166 1.119 1.153

Estimate 0.956 0.923 0.957 0.923
Conf. Int. [0.937, 0.968] [0.854, 0.942] [0.937, 0.965] [0.855, 0.949]

Estimate 1.077% 1.911% 1.042% 1.926%
Conf. Int. [0.78%, 1.55%] [1.42%, 3.82%] [0.84%, 1.56%] [1.24%, 3.80%]

Soviet Countries 0.12% 0.19% 0.12% 0.23%
Ratio 11.24% 10.01% 11.34% 12.01%

Data: OECD  IT CS  HS 1988. *: three very big values of sigma are dropped. See notes in Table 4.

Sigma

Lambda Ratio

Bias

Welfare Gains

Table 6: The Impact of Variety Growth in the UK (19882006)  Harmonized System

Quantity Statistic
Model

Sigma Welfare Sigma Welfare Sigma Welfare
Digit 2 96 91.47% 3.49 2.66% 6.10 1.33% 3.41 1.70%
Digit 3 173 91.47% 4.36 3.12% 11.89 1.45% 3.38 2.03%
Digit 4 1135 91.47% 7.79 2.99% 11.49 1.47% 8.16 2.05%
Digit 5 3051 91.47% 9.24 2.30% 15.93 1.23% 11.21 2.08%
Digit 6 4136 91.47% 11.40 2.39% 16.38* 1.19% 12.38 2.23%
All 2935 100% 10.42 1.91% 14.39 1.04% 9.17 1.93%

Table 7: The Impact of Good Definition  Harmonized System
Model

Data: OECD  ITCS  HS 1988. *: one very big values of sigma is dropped.

(1)Level Number
of goods

Ratio to
total
trade

(2) (3)

Sigma Welfare Sigma Welfare Sigma Welfare
Digit 8 4665 50.62% 12.67 1.11% 18.74 0.59% 14.25 0.79%
All 1538 100% 8.73 7.81% 16.36 5.57% 10.83 6.54%
Data: Eurostat Comext  CN 2005.

Table 8: The Impact of Good Definition  Combined Nomenclature

Level Number
of goods

Ratio to
total
trade

Model
(1) (2) (3)
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Level
Number
of goods

Top
Percentile

Welfare
Welfare

Full Sample Ratio

Digit 6 1030 25% 4.23% 2.23% 1.89
Digit 6 585 15% 5.04% 2.23% 2.26
Digit 6 176 5% 4.32% 2.23% 1.93
All 706 25% 3.87% 1.93% 2.01
All 334 15% 6.34% 1.93% 3.29

Table 9: Welfare Gains from Soviet Countries (19882006)

Data: OECD  ITCS  HS 1988.
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A Appendix

A.1 Log-Change Ideal Weights

The log-change ideal weights, !gt, used to calculate the import bias in Proposition 2 are

computed using the good-speci�c cost shares sg. The cost share for a particular year is

de�ned as follows:

sgt =

P
c2Igt

pgctxgctP
g2G

P
c2Ig

pgctxgct
(A.1)

where G is the set of all goods which remains constant over the whole period, Ig is the set of

common varieties between the starting and the �nal year of the period, pgctxgct is the trade

value of a particular variety in year t. Hence the ideal weight is calculated as follows:

!gt =
(sgt � sgt�1) = (ln sgt � ln sgt�1)P

g2G
((sgt � sgt�1) = (ln sgt � ln sgt�1))

(A.2)

The log-change ideal weights, !Mt , which correspond to the ideal import share used to

calculate the welfare gains over the considered periods are de�ned as follows:

!Mt = (sMt � sMt�1) = (ln sMt � ln sMt�1) (A.3)

where sMt =

P
g2G

P
c2Igt

pgctxgct

GDPt
; the numerator of sMt represents the total goods imports in year

t and the denominator is the Gross Domestic Product, both in current US$.

A.2 Methodology for the Estimation of the Elasticity of Substitution

The estimation strategy follows Feenstra (1994). By inverting equation (2) one can obtain

the indirect utility function: v(pgct;W ) = (�Mgt )
�1W , where W is income. Applying Roy�s

Identity it is possible to work out the import demand equation for each variety of good g,

which is de�ned as follows:

xgct =
dgct(pgct)

��gWP
c2Igt

dgct(pgct)1��g
(A.4)

From quantities, the cost shares are obtained as follows:

30



sgct =
pgctxgctP

c2Ig
pgctxgct

=
dgct(pgct)

1��gP
c2Ig

dgct(pgct)1��g
=
�Mgt (dgt)

�g�1dgct

(pgct)�g�1
(A.5)

where dgt is the vector of quality parameters for each country and Ig = (Igt \ Igt�1).
So the import demand equation for each variety of good g can be expressed in terms of

shares and changes over time:

� ln sgct = 'gt � (�g � 1)� ln pgct + "gct (A.6)

where: 'gt = (�g � 1) ln[�Mgt (dgt)=�Mgt�1(dgt�1)] is a random e¤ect as dgt is random and

"gct = � ln dgct

Unfortunately it might well be that both � ln sgct and � ln pgct are correlated with the

error term due to the simultaneous determination of import prices and quantities. So equation

(A.6) cannot be directly estimates and some assumptions on the supply side of the economy

have to be made. Simultaneity bias is corrected by allowing the supply of variety c to vary

with the amount of exports, the export supply equation is de�ned as follows:

� ln pgct = !g� lnxgct +� ln vgct (A.7)

xgct =
sgctEgt
pgct

(A.8)

� ln pgct =  gt +
!g

1 + !g
� ln sgct + �gct (A.9)

where:  gt = !g� lnEgt=(1+!g), Egt is total expenditures on good g, !g is the inverse supply

elasticity (assumed to be the same across countries) and �gct = � ln vgct=(1 + !g) captures

any random changes in a technology factor vgct.

The identi�cation strategy relies on the following assumption:

E("gct�gct) = 0 (A.10)

This implies that demand and supply equations errors at the variety level are uncorrelated.

It is convenient to eliminate 'gt and  gt by choosing a reference country k and di¤erencing

demand and supply equations, denoted in (A.6) and (A.9), relative to country k.
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�k ln sgct = �(�g � 1)�k ln pgct + "kgct (A.11)

�k ln pgct =
!g

1 + !g
�k ln sgct + �

k
gct (A.12)

where �kxgct = �xgct ��xgkt, "kgct = "gct � "gkt and �kgct = �gct � �gkt. Equation (A.12) can

be re-written as follows:

(1� �g)�k ln pgct =
�g

�g � 1
�k ln sgct + �

k
gct (A.13)

where �g = !g (�g � 1) = (1 + !g�g) and it satis�es 0 � �g � (�g � 1) =�g < 1. In order to

take advantage of the identi�cation strategy equation (A.11) and (A.13) are then multiplied

together to obtain:

(�k ln pgct)
2 = �1(�

k ln sgct)
2 + �2(�

k ln pgct�
k ln sgct) + ugct (A.14)

where: �1 = �g=(1 � �g)(�g � 1)2, �2 = (2�g � 1)=(1 � �g)(�g � 1) and ugct = "kgct�
k
gct=(1 �

�g)(�g � 1). The inverse relationship between the thetas, �g and �g is given by the following
proposition:

Proposition 3 So long as �1 > 0, then �g and �g are de�ned as follows:

�g =
1

2
+

 
1

4
� 1

4 +
�
�22=�1

�!1=2 if �2 > 0 (A.15)

�g =
1

2
�
 
1

4
� 1

4 +
�
�22=�1

�!1=2 if �2 < 0 (A.16)

�g = 1 +

�
2�� 1
1� �

�
1

�2
in both cases (A.17)

If �1 < 0, but �1 > ��22=4, it is still possible to obtain a value for �g exceeding unity but
� =2 [0; 1].
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