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[Abstract] Using the exact price index developed by Feenstra (1994) and Broda and Weinstein (2006), this paper provides the first careful measure of how much China gains from imported varieties over the past decade. Utilizing the most disaggregate product-level import data available for China (HS 8 digit), we show that the welfare gain due to new imported varieties during 1997 to 2008 amounts to 6.2% percentage of GDP, or 0.53% annually, after controlling for the prevalent imported intermediate inputs for processing. Furthermore, we extend the empirical strategy to investigate the country specific contribution (in terms of weighted supplying varieties) and find that China gains the most from Japan, followed by Canada and Germany. Countries with abundant natural resources, such as Indonesia, Russia, Iran, and Australia, also contribute significantly to China’s welfare.
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1. Introduction
It is a consensus among most China observers that globalization has played an key role in China’s striking economic development in recent decades. No doubt that China gains a great deal from taking an active part in global business. Most research, however, connects this exceptional performance with the drastic increase in export as well as foreign direct investment (FDI). In contrast, relatively fewer articles pay attention to the gains from imports. This paper contributes in this direction. Specifically, based on an emerging literature on trade variety and development, we measure how much China gains from imported varieties over the past decade. To the best of our knowledge, this paper provides the first systematic study on this issue. 
Past literature has identified several traditional channels through which a nation could benefit from opening to international trade, 
 including resources reallocation due to specialization; 
 improvements on terms of trade due to increasing scale; 
 gains in productivity by importing high-tech capital goods, technology spillover, or through learning-by-exporting; and less market power (thus lower profit margin) of domestic firms due to trade induced market competition, this has also been confirmed by evidence from manufacturing firms in developing countries (Tybout, 2000). The conventional trade models, however, largely overlook some important channels through which a nation could benefit substantially from trade. One of them, as identified by the seminal work of Melitz (2003), emphasizes the existence of a “self-selection effect” because after trade liberalization only the most productive firms can survive and export (whereas the less productive firms have to exit the market). Therefore, resources will be reallocated to relatively more productive firms and the industry is on average more productive after trade liberalization. 
Another long-neglected source of welfare gains comes from the consumer side: consumers (with convex preferences) benefit from consuming a greater variety of goods.  Because of consumers’ “love of variety”, studies focusing only on price or production tend to understate gains from trade liberalization
. In his seminal work, Feenstra (1994) shows how a conventional price index, based on a constant set of products over two periods, systematically understates the true welfare gain from imports. Instead, he proposes an innovative extension to Diewert (1976)-Sato (1976)-Vartia (1976) price index, accounting for the entry and exit of varieties. Furthermore, he provides an essential empirical technique for estimating the elasticity of substitution between varieties of each and every product. Mostly due to data limits, however, economists have not been able to precisely measure the exact gains of a country due to increased import varieties until more than one decade later. This tremendous task is fulfilled by Broda and Weinstein (hereafter BW, 2006). Thanks to the newly-available highly disaggregated US import data, they have successfully estimated the elasticity of substitution for over 30,000 products, and consequently provided the first precise calculation of the gains from variety for the U.S. 

However, gains from more imported varieties are not just limited to consumers. As advocated by endogeneous growth models (Romer, 1990), countries that have access to more varieties see TFP gains. Thus, new imported intermediate varieties also bring gains to domestic producers. For example, Goldberg et al (2010) show that domestic Indian firms not only enjoy cheaper imported intermediate inputs, but also benefit a lot from increasing access to more imported varieties. 
In fact, due to the commonly used CES functional form in trade can be used as both production function (i.e. in a typical endogenous growth model) and welfare function (except that inputs are replaced with final consumption goods), Romer’s theory can also be applied to explain the welfare gains from greater varieties of consumption goods. (Romer,1994) Therefore, though imports are in fact composed of both intermediate inputs and final consumption goods, their benefits are the treated the same by trade economists when discussing gains to productivity or welfare. In this paper, we treat the imports as consumption goods and discuss the welfare gain from import varieties in China.   
In this paper we provide a comprehensive measure of China’s welfare gain from increasing number of imported varieties. Indeed, we build our estimation on a monopolistic competition model with CES preference, following the pioneering work of Feenstra (1994) and BW (2006). 
 This measure, however, suffers from the fact that around 30-50 percent of China’s total imports during the past decade are imported intermediates for processing. 
 Unlike the ordinary imports, processing imports enjoy free duty and are mainly used for producing exports.
 Though imports for processing intermediates may benefit China via labor compensation (it increases labor demand in China) and technology spillover, it does not benefit China directly by providing more varieties which is the mechanism we discuss in this paper. Furthermore, the majority of processing imports in China are conducted by multinationals via FDI, which usually have the “transfer pricing” problem. This problem typically distorts the prices of imports which may seriously bias our estimation for elasticities of substitution between varieties and consequently for welfare gain (as is clear in section 3). Therefore, in this paper we exclude the processing imports. It worth noting, however, that including processing imports does not qualitatively change our results.
Utilizing the highly disaggregated product-level import data available for China (HS 8 digit), we show that the welfare gain due to new imported varieties during 1997 to 2008 amounts to 6.2% percentage of GDP, after controlling for the prevalent imported intermediate inputs for processing. In contrast, BW (2006) report that the welfare gain from new imported varieties from 1972 to 2001 amounts to 2.6 percent of US GDP. Another study by Chen and Jacks (2009) finds that import variety growth in Canada also reduces its import price index by 22% during 1988 to 2007 and the Canadian consumers gain from more imported varieties by a striking 28 percent of GDP.
 

The rest of the paper is organized as follows. Section 2 provides a brief review of the dramatic growth of imports into China during the past 20 years as well as a description of our data. Section 3 reviews the derivation of the augmented “Feenstra index”, as proposed in BW (2006), which serves as the cornerstone of our empirical analysis. The empirical methods, as well as the estimation results, are provided in section 4. Section 5 calculates the welfare gain and decomposes individual exporting country’s contribution. We conclude in Section 6. 
2. China’s integration into the world trading system: 1988-2008
2.1 What defines a variety?

Before proceeding to discussing the profound impact of import varieties (or the extensive margin of imports) on welfare, we need to clarify the definition of “variety” in our paper. The ideal definition for a variety is a market-based firm-brand such as Honda Civic versus Ford Focus. In micro-level studies, researchers often use the market-based survey data to study the variety effect on welfare or productivity (for example, Blonigen and Soderbery (2009)). However, survey data has a serious limitation in coverage: it usually only cover one or a few industries for a few years. Therefore it cannot satisfy macro-level studies which need data on a much boarder scope of the economy (i.e. the whole tradable sectors). Instead, researchers often turn to product-level trade data (such as SITC or HS data system) to carry out their macro-level studies. Typically such studies adopt the Armington definition which defines a variety as a country-good pair. For example, the beer produced in France and that produced in Britain are treated as two varieties of the product "beer" (see, for example, Feenstra and Kee (2008)). Given data availability, we follow this convention. In our case, a good is a HS 8-digit category and a variety is thus a HS-8 good from a specific source country.  
2.2 An overlook of China’s imports in recent years

Known as the “world’s factory”, China’s exceptional development in production and exporting capacity is always the one that catches eyeballs. The flourishing trade in goods is believed as one of the key elements for China to become the fastest growing economy in the world. The benefit from trade is emphasized on exports, as economists usually label China as the most successful "export-led" economy. However, largely omitted by academia as well as media, China’s increase in its import demand, is also striking, at least for the most recent decade. 

Figures 1 and 2 describe China’s amazing integration into the world economy.  From 1988 to 2008, China’s nominal GDP denominated in US dollar increased by 10-fold, enjoying a 12.6% annual growth rate. While during the same period, China’s exports and imports increased by 30-fold and 20-fold, respectively, with annual growth rates 18.6% and 16%. In particular, both export and import take over 25% of the GDP after 2003. Though shadowed by the spectacular performance of export sector, it is non-deniable that China’s import growth in recent years is also very impressive. 
[Insert Figure 1 Here]

[Insert Figure 2 Here]

Over the period 1997-2008, the value of imports in China has been increased by nearly 8-fold, from 142 billion in 1997 to 1.13 trillion in 2008.  As Hummels and Klenow (2005) point out, it is the entry and exit of products (i.e. the extensive margin) rather than the rise and fall of quantities of existing products (i.e. the intensive margin) that respond more sensitively to changes in trade policy. To study the welfare implication of the drastic increase in imports into China, the surface volume should then be decomposed into two parts: the increase in value of each product and the increase in the number of products and varieties imported. 
Based on our definition of variety, Table I reports the import varieties
 in China during 1997 to 2008. In column (2), the number of HS-8 goods increased from 6234 in 1997 to 7138 in 2008, an increase of 14.5% in 12 years. At the same time, imported varieties increased from 61530 in 1997 to 118561 in 2008, by more than 90%. These findings show that import varieties increases very fast since there are more countries over years competing in the market for a typical good. This is also suggested in columns (3) and (4), which report the median and average number of countries exporting a good to China. Apparently there is a substantial increase in the number of source countries supplying each individual good. Between 1997 and 2008, the median number of countries exporting an individual product rises by 63%.
Furthermore, column (2) shows that the number of goods in 1997 that still survived in 2007 is 4883, which accounts for nearly three quarters of the total goods in 1997 but slightly above 65 percent in 2008. 1351 goods in 1997 disappeared in the following 12 years whereas 2255 new import goods entered and survived in Chinese market until 2008
. Column (5) shows that more than two thirds of the varieties in 1997 still survived in 2008 but nearly one third of the varieties in 2008 are from the new import goods (or new source countries). However, if measured in terms of value shares, during 1997 to 2008 surviving import goods account for only about 62% of 2008 imports while 38% are new imports appearing after 1997. 
[Insert Table I Here]

In summary, Table I reveals that behind the rapid growth of imports, the growth in varieties is also dramatic. During the 12-year period, import varieties increased by more than 90%. Most of the increase comes from an increase in the number of countries supplying each good, while the increase in the number of goods accounts for around 15%. Furthermore, the growth is accompanied with a huge turnover of import goods, though 22% of imports goods and 21% varieties in 1997 disappeared, many more entered Chinese market and survived until 2008 which not only make up the loss of disappeared imports but also contribute to the dramatic import growth. Finally, the dramatic change in goods and varieties also suggests that conventional studies that limit on relatively fixed basket of goods and varieties (i.e. the conventional price index) could be largely biased.
[Insert Table II Here]

The rapid growth in the extensive margin over years is largely accounted for by more countries supplying each import good. To get a better sense of this issue, Table II ranks the top 40 countries in terms of the number of goods they exported to China in 2008. 36 out of the “top 40 club” members in 1997 are still in the “top 40 club” in 2008. It means the countries which had competitive advantages in China in 1997 still maintain their relative advantages in 2008. Without exception, they all export more to China in 2008, in terms of not only the total value but also the number of varieties. In fact, the observations in Table II are consistent with two stylized factors which are believed to be the main driving forces of the rapid growth in import varieties: first, effective reduction in tariff and nontariff barriers (for example, China’s access into WTO in 2001); second, enormous FDI inflow via vertical and horizontal integration (for example, Hong Kong, the U.S., Japan, and many west European countries).
Table III shows the relative importance of the top exporting countries to China for the growth in available varieties. It could be seen that over the past decade, European countries such as Spain, Italy, France and fast-growing developing countries such as India, Thailand, and Mexico contribute most to the increase in imported varieties. It’s interesting to note that those largest trade partners of China including Japan, the U.S. and Germany (who respectively accounts for 15.36%, 9.47%, and 5.05% of the average imports of 1997 and 2008), only contribute altogether 5.51% of the net increase in varieties. One of the largest exporting partners to China– Japan, even falls out of the top 20 in terms of contributions in variety growth.

[Insert Table III Here]

3. Measuring the gains from new varieties
Following BW (2006), we assume a 3-tier CES utility function: Tier-1 utility is defined over the varieties of a goods “g”. Tier-2 is defined over all the import goods. Tier-3 is an aggregate CES utility function that defines over the general consumption on imported goods and domestic consumption goods. Specifically, the 3-tier CES utility function assumed as follows.

Tier-1:   
(1) 
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where 
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 is a non-symmetric CES sub-utility derived from the consumption of imported good g in time t. Within this specific product category, each variety v, whose quantity is denoted as 
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, is defined as the same product imported from a particular country. The elasticity of substitution among imported varieties from different countries is a constant denoted by
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 is allowed to vary across different goods. 
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 is the set of available varieties for good g, which also represents the number of all source countries. 
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 denotes a taste or quality parameter for variety v of good g. Finally, G is the set of all available imported goods in time.
Tier-2: 

(2)




[image: image8.wmf]1

1

   

tgt

gG

MM

g

g

g

g

-

-

Î

ö

æ

=

÷

ç

ç÷

è

ø

å


where 
[image: image9.wmf]M

is composite import goods and
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 is the elasticity of substitution among imported goods, and G represents the set of all imported goods, 

Tier-3:

(3) 
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where 
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 denotes the elasticity of substitution between domestic good D, and the imported composite good M.
The corresponding unit-costs or price indexes of the 3 tiers are given by eq(4) to eq(6), respectively:

(4) 
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where 
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 is the price of variety v of good g in period t, and 
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 is the subset of all varieties of good g consumed in period t.and

(5) 
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(6) 



[image: image17.wmf]111/(1)

[()()]

DM

ttt

ppc

kkk

---

=+

 
where 
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is the price index of domestic goods.   

Due to Diewert (1976), Sato (1976), and Vartia (1976), a conventional price index at the import goods level states:
(7)
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where 
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 is the ideal log-change weights
.

This conventional price index, however, is not precise when variety set 
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 is evolving over time. Importantly, it imposes fixed set of varieties, and therefore cannot capture the introduction of new varieties.
 Moreover, the CES unit-cost function cannot be evaluated without knowledge of the taste (or quality) parameter 
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To deal with this difficulty, Feenstra (1994) proposed an exact price index allowing different but overlapping sets of varieties in two periods. We restate Feenstra’s theorem as follows:
Theorem 1  (Feenstra, 1994)

Assume that 
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, and that the quantities are cost-minimizing. Then the exact price index for good g is given by:

(8)
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where the values 
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This theorem states that the exact price index with variety change is equal to the Sato-Vartia conventional price index, multiplied by a term of 
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, which captures the creation and destruction of varieties over time. Notice when there is a greater number of new varieties for good g in period t, or more precisely, when the new varieties take greater share of expenditure than disappearing varieties, the value of 
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. Then the exact price index will be lower relative to the “conventional” price index which does not take into account the change of varieties.

The Feenstra index, however, focuses on individual industries. Naturally it could be extended to allow for multiple sectors with different substitutability once data become available. This is done by BW (2006), with a three-tier CES aggregates. They show that the bias imparted by ignoring new varieties depends on new varieties’ relative share of consumption in those goods, the goods’ weights in total consumption, and the elasticity of substitution between the varieties. The first two factors measure the importance of the new varieties in the consumption bundle. While the last shows how much contribution a variety can make in improving welfare. When these elasticities are high, the varieties of the same good can be easily substituted for one another, thus new varieties won’t contribute much to improve consumer welfare.

Theorem 2  (Broda and Weinstein, 2006 )
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[image: image35.wmf]()

M

PI

) and an adjusted term for aggregate variety, 
(10) 


[image: image36.wmf]/(1)

11

111

(,d)

(,,,,))()

(,d)

gtg

M

gt

MM

tt

tttt

M

gG

ttgt

cI

EppqqIPI

cI

ws

l

l

-

--

Î

---

ö

æ

==

÷

ç

ç÷

è

ø

Õ

  

where 
[image: image37.wmf]()()

gt

MM

gGgg

PIPI

w

Î

=Õ

and 
[image: image38.wmf]gt

w

 are the log-change ideal weights.

The overall price index E is then given by

(11)
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where the exponents are again the log-change ideal weights.
In summary, the aggregate import price index in (11) improves prior work in three aspects. First, this index allows for changes in quality or taste. Replacing the ratio of lambdas,
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, could yield substantial bias. Second, the new index allows for heterogeneous import goods with different elasticities of substitution,
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. Third, it is robust even if there is a creation or destruction of goods g. Even if good categories split when a product range becomes large or merge when it becomes small, the index also will remain unchanged.
4. Estimation Strategy
As implied by equation (10), to get an idea of how newly-imported varieties affect the price index, we first need to estimate the elasticity of substitution between varieties of each good. The estimation procedure should allow for random changes in the taste parameters for imported varieties and should be robust to measurement error in goods’ unit values.
 An estimation based on the gravity equation is not appropriate because it ignores the endogeneity in the demand function. Since our empirical strategy closely resembles Feenstra (1994) and BW (2006), we briefly review their methodology here, while putting the technical details in the appendix to save space.
Feenstra (1994) uses a panel data approach to overcome the endogeneity problem typically encountered in import demand function. Following his approach, we apply the econometric equation (12) as follows:

(12) 
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 is the unit value of variety v of good g at time t, 
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 will be independent of the regressands so that we can obtain unbiased estimates.  Finally, the estimates are
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 is the export supply elasticity of good “g”; 
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 is elasticity of substitution between varieties of goods “g”, which is what we want to obtain in this paper.
 
      For each good g, the following objective function can be used to obtain Hansen’s (1982) estimator:

(13)     
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; and W is a positive definite weighting matrix. BW (2006) propose that the optimal weights are related to the time span and the inverse of lagged import quantities. As in BW (2006), we first estimate 
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 are derived using the delta method. In the case that estimates are ill-defined, we use a grid search of
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[1.05,131.5] at intervals which are 5 percent apart. Standard errors of 
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 in this case are obtained by bootstrapping the grid-searched parameters.
5. RESULTS
According to our empirical strategy, we use the following three steps to estimate the impact of import varieties on China’s welfare during 1997 to 2008. In step 1, we need to estimate the elasticity of substitution (among the varieties),
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, for thousands HS 8-digit goods. Next, we need to calculate the change of varieties,
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,  we can obtain how much the variety change would affect the exact price index for each good g. In the last step, we apply our log ideal weights to the price movement due to variety change in each good g and aggregate them to estimate the total variety impact on general price index of China’s imports. Once the aggregate impact is obtained, we can easily calculate the variety effect on welfare based on equation (11). Finally, we decompose the aggregate variety effect into individual country contributions.

5.1 Elasticities of Substitution

To estimate equation (12), we need at least four supplying countries in each HS-8 goods that survive at least two years. To those industries that do not have enough observations, we approximate its sigma by the average of the sigmas in the rest of the industries that are under the same HS-6 category. If a HS-6 industry does not have enough observations, we similarly approximate its sigma by the average of the other HS-6 industries under the same HS-4 category. Likewise, a HS-4 missing sigma will be replaced by the average sigma of its HS-2 category.
 

We finally estimate the sigmas for 6243 HS-8 import goods. As a comparison, BW(2006) estimated 13972 sigmas based on the HS-10 goods during 1990 to 2001. It is impossible to report these tens of thousands sigmas. Instead, we report in Table IV the means of estimated sigmas for 16 HS-2 aggregation categories.
[Insert Table IV here]

 In column (3), Table IV shows that the most important imports are in mineral products, which account for 33.46% of the total China’s imports. Column (4) reports the number of HS-8 goods in each industry that have estimated sigmas. As consistent with reality, there are in general much more differentiated goods in Machinery/Electrical and Textiles industries than others, which allow us to obtain 1435 and 1009 sigmas respectively. As for median varieties per HS-8 goods, column (5) reports that they range from the lowest of 3.23 in Animal & Animal Products to the highest of 5.02 in Service and the mean of all the imports is 4.18. The most important results, the sigmas, are reported in column (6). It shows that except the sigma in Service
, the means of sigmas of HS-2 categories, ranked from the smallest to the largest, range from 1.56 in Mineral Products to 3.03 in Wood & Wood Products.  

As a comparison, Broda, Greefield, and Weinstein (hereafter BGW, 2006) estimate the import demand elasticities for 73 countries in the world including China. They employ the HS-6 digit data from COMTRADE database from 1994-2003 and aggregate the elasticities at the HS-3 digit level. Based on similar estimation method, they report that the median import elasticities of China about 3.4 and simple average is about 6.2, which seems a little bit larger than our estimates. Their estimates for China are in general higher than ours but in the same magnitude. Except the time coverage difference (we contain more post-WTO data), the small discrepancy between our findings and BGW’s (2006) is mainly due to the fact that goods at the HS2 level are in general less substitutable than at HS-3 level.  As stated in the empirical strategy, sigma is the elasticity of substitution between varieties. A lower sigma implies less substitutable variety. Therefore, we are expected to find smaller sigma’s than those in BGW (2006). Another comparison is with Kee et al. (2008). They employ HS-6 data during 1988 to 2001 and use a rather different estimating strategy and report that the simple average of the China’s import elasticities is 7.26 but the weighted one is only 1.44. That is, our weighted average sigmas fall between their weighted average and simple average. Though it is hard to argue which estimation is more precise, ours is at least in line with the relevant works in general.
5.2  Growth in Varieties

After obtaining the sigmas, the 2nd step is to calculate the variety change of each good, i.e. 
[image: image70.wmf]g

l

. Unlike the estimation of sigmas which only requires more than 4 varieties to exist during 1997 to 2008, the calculation of lambdas requires the existence of common varieties in both 1997 and 2008, i.e. 
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.  As shown in Table I, the dramatic change in goods and varieties limits us to calculate much smaller number of lambda ratios. Similar to BW (2006), we assume that whenever a new variety is created within a HS-8 category with 
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 (i.e. no common varieties) then the other HS-8 categories within the same HS-6 category share a common sigma. In other words, the elasticity of a new variety being imported on the price level is a weighted average of the substitutability of other goods and varieties within the same HS-6 category. Similarly, if a new good is emerged in a HS-6 category, then it shares a common elasticity with the other HS-6 goods in the same HS-4 category. Likewise, the same procedure applies to new HS-4 goods. 

[Insert Table V here]

  Based on our method above, Table V reports that finally there are 1292 lambdas (equal to the number of import goods) which we eventually use to calculate in the exact price index. Of the 1292 different HS level industries, 47 are aggregated on HS-2 level, 184 on HS-4 level, 71 on HS-6 level, and 2258 industries still remain on HS-8 level.  Though it is a big drop from 6243 sigmas (goods) to only 2560 lambdas (goods), we want to emphasize that this study is still based on highly disaggregated data since the weighted sigmas for the final 2560 import goods are obtained from the initial 6243 simgas. As a comparison, BW(2006) reports 926 lambdas (with 12347 sigmas) based on the HS-10 codes during 1990-2001. 

However, the lambdas of the 2258 HS-8 goods are all unity in both 1997 and 2008. It implies that most of the new varieties at HS-8 level are created in new goods rather than existing ones.  Though all the 2258 HS-8 goods do not have variety change (i.e. lambdas are all unity), they do not significantly shadow the overall variety change on the exact price index as their log ideal weight is only 0.01%.  The HS-2 level industries certainly carry the heaviest weight (75.26%) and their lambda ratio is 0.96 which implies a variety increase of 4.17% (the inverse of lambda ratio). Though variety are found increasing only trivially in the HS-4 and HS-6 level industries whose lambda ratios are 1.00 and 1.00 (i.e. almost no variety growth), their weights are 21.62% and 4.10% respectively. Thus we can still see an overall variety increase in China’s imports during 1997 to 2008.
Notice that the lambda ratio is actually a measure of weighted variety change and the weights are the corresponding import revenue (price times quantity) of each variety. If assuming the revenue of each variety is identical, we will see the variety change 
[image: image73.wmf]1

11

07

11

88

.. .

gg

gtgt

vIgvtgvtvIgvtgvt

vIgvtgvtvIgvtgvt

pxpx

ie

pxpx

l

l

-

ÎÎ--

ÎÎ--

æö

æöæö

åå

ç÷

=

ç÷ç÷

ç÷ç÷

ç÷

åå

èøèø

èø

to be degenerated to
[image: image74.wmf]19972008

VV

, the ratio of simple count varieties in 1997 and 2008.  From Table I, the simple count variety ratio is only 0.56, much less than the smallest lambda ratio (0.96) that we obtain in HS-2 industries. In other words, the variety growth suggested by the count data is about 44%, much faster than our carefully weighted variety growth. The reason is that the import shares are highly asymmetric between imports, and the existing goods in general have higher import market shares than the new ones. Such asymmetry is also found in the U.S. in BW (2006). The variety growth from 1990 to 2001 suggested by count data is more than 117%, whereas it is only 5% suggested when weighted by variety import revenue.
5.3 Import Prices and Welfare

After obtaining the estimates of import goods’ lambda ratios and their corresponding weights and elasticities of substitution, we can calculate the effect of a goods’ variety change on the exact price of imports. According to eq(10) the aggregate variety change effect on the exact price index of imports is derived from the multiplication of the individual effect, and the effect on general price can be obtained according to eq(11). However, as BW (2006) and BGW (2006), it is unlikely that all the estimated variety effects are reasonable as they are derived from thousands sigmas and hundreds of lambdas. An outlier in multiplication will severely bias the final result. Therefore, we must exclude outliers before calculating the aggregate variety change effect on exact price. Excluding the lambdas in HS-8 industries (as they are all unity, which implies no effect on price index), we abandon 9 outliers out of the 293 individual effects that are far away from the majority: they are all below 0.85 or above 1.10 whereas more than 95% of the variety change effects are densely falling in the range of (0.85, 1.10). 

       After excluding the outliers, the aggregate variety change effect on the exact price of imports during 1997 to 2008 is about 0.66. That is, when adjusted by variety change effect, the exact price index of imports fell 42% faster than the unadjusted price during 1997 to 2008 or 4.7% annually!  
  According to the statistic in section IV, the log ideal weight of China’s non-processing import in GDP, 
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, during 1997 to 2008 is  11.50%. Therefore, the import variety change effect on the general exact price index, 
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, is 0.94 during 1997 to 2008 or 0.50% annually.  
      Before proceeding to calculating the welfare gain, we need to iterate that the whole model is based on the particular Dixit-Stiglitz CES utility structure as assumed in eq(1) to eq(3). And the welfare gain has to be derived from this particular form as well. However, we do admit that such a particular utility structure has limitations due to the following (implicit) assumptions inherent in the form. First of all, it assumes that the elasticities of substitution are time-invariant. Secondly, the functional form requires that the marginal costs are all fixed. Thirdly, there is no interaction between domestic goods/varieties and the imported ones. These assumptions are notwithstanding quite rigid, this particular utility form is widely applied in the study of variety, productivity and welfare (see, among many others, Feenstra and Kee (2008)). Therefore, we emphasize that the welfare gain derived from this form can be cautiously treated as a benchmark. 

     By definition, the exact price index is derived as the (minimum) cost of a unit of welfare. Therefore, it is equivalent to have welfare increase by 
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 if the general exact price index falls by x%. Since the import variety growth results in China’s general exact price dropping by 5.84% (i.e. 1-94.16%), we can conclude that China’s welfare gain is about 6.2% from 1997 to 2008 or 0.53% annual during this period. Alternatively, one can also interpret the gain via compensation variation: to restore the initial expenditure, a representative consumer is willing to sacrifice x% of her real income should there be an x% drop in the exact general price index. Thus, our results also suggest that a representative Canadian consumer is willing to give up 6.2% of her real income from 1997 to 2008 or 0.53% annually to access the new import varieties rather than stay put. 

5.4 Country Contribution in Welfare Gain

Though Table III lists the country contribution in China’s import variety growth, it is just based on the count data. A more reasonable measure is the variety growth that is carefully weighted by the corresponding import revenue. Based on the estimates of elasticities of substitution and ideal log weights, we calculate the country contribution in welfare gain in terms of their contribution in variety growth. 

An accurate country effect should be derived from the comparison of the exact price change including and excluding that country since a supplying country may affect the estimates of lambdas, omegas, and even sigmas (empirically). Apparently doing such exercises is computationally cumbersome. We approximate the country contribution by procedures similar to “comparative statics”. That is, we assume all the estimates of sigmas and omegas are the same and based on these estimates how much the lambdas will be affected when a country’s variety change is taken into account. Suppose a country’s revenue of the new varieties in goods g in 2008 accounts for x% of the g’s total revenue and the value of disappearing varieties in good g in 1997 accounts for y%. Since the inverse weighted variety growth from 1997 to 2008 is expressed as 
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, everything else equal, this country’s variety change will affect the aggregate variety growth by 
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. That is, the country’s contribution on the variety growth is given by 
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. Therefore, a country can make contribution to variety growth via two channels: one is surely contributing more new variety share in 2008 (i.e., a higher x%); alternatively, the other way is to survive more of its 1997 varieties in 2008 (i.e. a lower y%). 

[Insert Table VI here]

Table VI shows the top10 countries/regions’ weighted variety growth and their contributions in welfare gain.
 Japan nails the first position when we measure the variety growth weighted by revenue (i.e. the inverse of 
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). Its weighted variety growth is more than 21.4% from 1997 to 2008. Note that the variety growth in Japanese goods based on simple count data (i.e. unweighted) is not even in the top 20 shown in table III. This again shows that the unweighted variety growth may generate big bias in its implications on price and welfare. Similar situations are found for Canada, which hold the 2nd position. Countries with abundant natural resources, such as Indonesia, Russia, Iran, and Australia (ranked from 6th to 9th), also contribute significantly to China, which reflects China’s surging consumption on natural resources.  It is interesting to find that the U.S., though is China’s 2nd largest supplier, does not appear in the top 10 club (it ranks the 14th). As implied in table III, the U.S. varieties only grown modestly (about 1.95%) during 1997 to 2008 even measured by the count data. This problem stems from the fact that facing more fierce competition in China’s market, new varieties from the U.S. seem have not occupied significant market shares while the disappeared varieties have given up too many.     

Overall, the ranking in Table VI seems somewhat “surprising” compared to our conventional belief since it is not always the case that country which exports China more benefits China’s consumer more. We want to emphasize that the contributions are made through variety growth, which is a new aspect of welfare gain in trade. First of all, unlike the traditional study of import and welfare, this welfare gain is not concerned with the imports on capital goods or other “knowledge intensive” goods, thus the contribution of imports the U.S., may not be as important as in the traditional studies. Second, traditionally important partners to China already have high level of varieties in 1997 which makes them more difficult to maintain a high growth in variety when facing fierce competition from those emerging economies. Therefore, even though the U.S. and some Western European countries such as France, and the United Kingdom are still very important trade partners to China, they, however, are less important to China’s welfare in terms of their supplying varieties.  
6. Concluding Remarks
There is a growing literature analyzing the effects of fast increasing import and export varieties on countries’ productivity and welfare. Evidences repeatedly confirm the hypothesis that growing trade varieties boost productivity and welfare. Furthermore, the gains from trade varieties are in general much higher in developing countries than in developed ones. Though China is one of the biggest trade countries and undoubtedly gains greatly from international trade, there is, however, no systematic study on how much the import variety growth benefits China’s welfare. 

We use extremely disaggregated import data (the HS-8 digit data from China Custom General) from 1997 to 2008 to estimate the demand elasticities for 6243 import goods. Such detailed elasticities can allow us to closely measure the welfare gain: if assuming China’s national welfare can be summarized by a multi-level CES utility function, growth in import varieties during 1997 to 2008 implies a total of 6.2% welfare gain (or 0.53% annually). Furthermore, we extend the empirical strategy to allow us investigating the country/region specific contribution (in terms of weighted supplying varieties) to China and find that China gains the most from Japan, followed by Canada and Germany. Countries with abundant natural resources, such as Indonesia, Russia, Iran, and Australia, also contribute significantly to China’s welfare.
Appendix: Estimation of Sigmas

From the utility function (2), we can derive the demand for each of the varieties of good g. Demand is expressed in terms of expenditure shares rather than quantities to avoid the potential measurement error imparted from the use of unit values. The import demand equation is given by the following expression:
(A1) 
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. The export supply equation is given by the following expression:
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is the inverse supply elasticity (assumed to be the same across countries) and 
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 captures any random changes in the technology factor
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 in most cases, our export supply curve in general is upward sloping. For the sake of identification, we assume that
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. That is, we assume that the demand and supply errors are uncorrelated once we control for good and time specific effects.
As in Feenstra (1994) and BW (2006), we first choose a base country b and take the difference of the demand and supply functions between any exporting country and the base country. Then we can eliminate 
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 and make use of the assumption of uncorrelated error terms in supply and demand. Thus, 
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The fact that 
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inconsistent. However, it is possible to obtain consistency by exploiting the panel nature of the data set and assuming constant supply and demand elasticities for the same good over time. Particularly, we can use GMM to exploit the independence of the unobserved demand and supply disturbances for each country over time. According to Feenstra (1994), we can define a set of moment equations such that
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as long as all countries exporting good g satisfy the following condition:
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 is the variance of x. Equation (18), thus, gives us 
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 independent moment conditions for each good g to estimate the two parameters of interest.
    For each good g, the following objective function can be used to obtain Hansen’s (1982) estimator:

(14) 
[image: image108.wmf]*'*

ˆ

argmin()()

ggg

B

GWG

b

bbb

Î

=


where 
[image: image109.wmf]*

()

g

G

b

is the sample analog of 
[image: image110.wmf]()

G

b

; W is a positive definite weighting matrix; and B is the set of economically feasible 
[image: image111.wmf]b

 such that 
[image: image112.wmf]1 and 0

gg

sw

>>

. As in Feenstra (1994), we first estimate 
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 are derived using the delta method. In the case that estimates are ill-defined, we use a grid search of
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Source: China Customs General.
Figure 2: Share of Import and Export Relative to GDP, 1988-2008
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Source: China Statistics Yearbook 2009; China Customs General.

TABLE I: VARIETY IN CHINA IMPORTS (1997-2008)

	
	Year
	Number of HS categories
	Median number of exporting countries
	Average number of exporting countries
	Total number of varieties (country-good pairs)
	Share of total China imports in year (%)

	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	All 1997 goods
	1997
	6234
	8
	9.9
	61530
	100.00

	
	
	
	
	
	
	

	All 2008 goods
	2008
	7138
	13
	16.6
	118561
	100.00

	
	
	
	
	
	
	

	Common

1997-2008
	1997
	4883
	8
	10.0
	48637
	71.9

	
	
	
	
	
	
	

	Common

1997-2008
	2008
	4883
	15
	18.1
	88160
	61.5

	
	
	
	
	
	
	

	1997 not in 2008
	1997
	1481
	7
	8.7
	12893
	28.1

	
	
	
	
	
	
	

	2008 not in 1997
	2008
	2385
	9
	12.7
	30401
	38.5


Source: Authors’ own calculation based on the import data from the China Customs General. 

TABLE II: RANKING IN TERMS OF NUMBER OF GOODS IMPORTED BY CHINA

	 
	2008
	
	1997

	country
	rank
	Number of HS8 Categories
	Import Value (Billion US $)
	
	rank
	Number of HS8 Categories
	Import Value (Billion US $)

	Japan
	1
	5729
	89.35
	
	2
	4887
	8.67

	United States
	2
	5678
	61.74
	
	3
	4302
	9.04

	Germany
	3
	5219
	48.62
	
	5
	3626
	4.39

	Korea Rep
	4
	4821
	52.99
	
	4
	3629
	4.29

	Taiwan prov.
	5
	4768
	34.95
	
	6
	3586
	1.77

	Italy
	6
	4380
	9.24
	
	9
	2481
	1.59

	France
	7
	4227
	13.55
	
	8
	2505
	2.49

	United Kingdom
	8
	4013
	7.59
	
	10
	2391
	1.09

	Spain
	9
	3033
	4.71
	
	20
	1043
	0.40

	Netherlands
	10
	3004
	3.99
	
	11
	1938
	0.86

	Hong Kong
	11
	2942
	6.79
	
	1
	5513
	15.63

	Switzerland
	12
	2911
	5.89
	
	17
	1417
	0.26

	Thailand
	13
	2854
	13.36
	
	19
	1138
	0.42

	Australia
	14
	2831
	35.78
	
	12
	1834
	1.32

	Singapore
	15
	2810
	11.50
	
	7
	2870
	1.70

	Canada
	16
	2795
	10.15
	
	14
	1659
	1.43

	India
	17
	2747
	18.59
	
	29
	369
	0.34

	Belgium
	18
	2714
	3.99
	
	13
	1724
	1.00

	Sweden
	19
	2581
	4.18
	
	16
	1499
	1.01

	Malaysia
	20
	2561
	18.76
	
	18
	1344
	0.74

	Austria
	21
	2273
	2.62
	
	23
	812
	0.10

	Denmark
	22
	2154
	1.76
	
	21
	1028
	0.15

	Indonesia
	23
	2129
	10.96
	
	25
	679
	1.40

	Finland
	24
	1709
	2.73
	
	24
	762
	0.47

	Mexico
	25
	1645
	2.68
	
	39
	153
	0.05

	Turkey
	26
	1492
	1.80
	
	45
	109
	0.02

	Philippines
	27
	1487
	9.69
	
	26
	527
	0.14

	Brazil
	28
	1484
	28.83
	
	31
	310
	0.81

	Czecho Rep
	29
	1475
	0.79
	
	36
	197
	0.01

	Poland
	30
	1431
	1.21
	
	41
	146
	0.02

	Vietnam
	31
	1418
	3.58
	
	35
	203
	0.26

	Israel
	32
	1313
	1.04
	
	30
	355
	0.07

	Norway
	33
	1274
	1.01
	
	28
	379
	0.29

	New Zealand
	34
	1172
	1.54
	
	27
	434
	0.12

	Russia
	35
	1161
	22.13
	
	22
	852
	2.88

	Hungary
	36
	1160
	1.22
	
	42
	136
	0.01

	S.Africa
	37
	1118
	7.47
	
	33
	236
	0.16

	Portugal
	38
	953
	0.30
	
	38
	160
	0.03

	Ireland
	39
	924
	1.39
	
	32
	237
	0.03

	United Arab Emirates
	40
	757
	3.91
	
	50
	93
	0.07


Note: Top 40 countries in 1997 and 2008 included. 
Source: Authors’ own calculation based on the import data from the China Customs General. 

TABLE III
COUNTRY CONTRIBUTION TO GROWTH IN CHINA VARIETIES AND VALUE (1997-2008)

	Country
	Rank in import weights, 2008
	Contribution in varieties (100%)
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	Log ideal weights
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 of China’s imports (100%)

	India
	21
	4.17
	1.37

	Spain
	11
	3.49
	0.67

	Italy
	13
	3.33
	1.88

	France
	9
	3.02
	2.86

	Thailand
	22
	3.01
	1.22

	United Kingdom
	20
	2.84
	1.40

	Germany
	5
	2.79
	7.09

	Switzerland
	32
	2.62
	0.61

	Mexico
	48
	2.62
	0.19

	Austria
	44
	2.56
	0.26

	Indonesia
	12
	2.54
	1.90

	Turkey
	56
	2.43
	0.12

	United States
	2
	2.41
	11.52

	Poland
	60
	2.25
	0.08

	Czecho Rep
	70
	2.24
	0.05

	Malaysia
	14
	2.13
	1.87

	Vietnam
	35
	2.13
	0.47

	Korea Rep
	3
	2.09
	7.32

	Taiwan prov.
	6
	2.07
	3.89

	Brazil
	10
	2.06
	2.50


Source: Authors’ calculation.

Note: 1. A Chinese import variety is defined as a HS good-exporting country pair. 

          2. See text for the definition of “log ideal weights”
TABLE IV

MEAN SIGMAS FOR HS-2 AGGREGATION LEVELS

	HS-2 Code
	Industry
	Average import share* (in %)
	Number of HS-8 goods
	Varieties per HS-8 goods
	Sigma
	Standard error*

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	01-05
	Animal & Animal Products
	0.64 
	132
	3.60 
	2.88 
	0.385 

	06-15
	Vegetable Products
	4.76 
	210
	3.80 
	2.96 
	0.379 

	16-24
	Foodstuffs
	0.78 
	184
	3.94 
	2.16 
	0.360 

	25-27
	Mineral Products 
	33.46 
	141
	3.63 
	1.56 
	0.501 

	28-38
	Chemicals & Allied Industries 
	7.81 
	739
	4.80 
	1.81 
	0.220 

	39-40
	Plastics / Rubbers 
	4.20 
	249
	5.24 
	1.67 
	0.465 

	41-43
	Raw Hides, Skins, Leather, Furs
	0.35 
	115
	3.23 
	1.97 
	0.334 

	44-49
	Wood & Wood Products
	2.65 
	336
	3.92 
	3.03 
	0.508 

	50-63
	Textiles 
	1.25 
	1009
	3.80 
	2.12 
	0.380 

	64-67
	Footwear / Headgear
	0.10 
	53
	4.29 
	1.83 
	0.205 

	68-71
	Stone / Glass 
	0.75 
	223
	4.22 
	2.40 
	0.318 

	72-83
	Metals 
	6.55 
	656
	4.47 
	2.07 
	0.435 

	84-85
	Machinery / Electrical
	26.87 
	1435
	4.63 
	1.92 
	0.074 

	86-89
	Transportation 
	5.13 
	238
	3.68 
	2.23 
	0.131 

	90-97
	Miscellaneous 
	4.38 
	484
	4.64 
	2.66 
	0.156 

	98-99
	Service
	0.33 
	1
	5.02 
	1.00 
	5.080 


 (*) Estimates of the mean sigmas and standard errors are adjusted for parameter censoring.

Source: Authors’ calculation.

TABLE V

DESCRIPTIVE STATISITC OF LAMBDAS AND THE RATIO
	Variable
	Statistic
	HS-2
	HS-4
	HS-6
	HS-8

	Lambda in 1988
	Percentile 5
	0.43 
	0.08 
	0.06 
	1

	
	Mean
	0.89 
	1.00 
	1.00 
	1

	
	Percentile 95
	1.00 
	1.00 
	1.00 
	1

	Lambda in 2007
	Percentile 5
	0.24 
	0.03 
	0.03 
	1

	
	Mean
	0.81 
	0.99 
	1.00 
	1

	
	Percentile 95
	1.00 
	1.00 
	1.00 
	1

	Lambda Ratio (
[image: image128.wmf]0788

ll

)
	Percentile 5
	0.35 
	0.30 
	0.35 
	1

	
	Mean
	0.96 
	1.00 
	1.00 
	1

	
	Percentile 95
	1.24 
	1.98 
	2.26 
	1

	Log Ideal Weight
[image: image129.wmf]1

 (in 100%)
	
	75.26 
	21.62 
	4.10 
	0.01

	Nobs
	
	47
	184
	71
	2258


Source: Authors’ calculation.

Note:  see text for definitions.

TABLE VI

Country/Region Contribution in China’s Welfare via Variety Growth: 1997 to 2008
	Country
	Weighted Variety Growth

(in 100%)
	Contribution in Welfare

(in 100%)
	Ranking

	Japan
	21.40 
	2.25 
	1

	Canada
	12.64 
	1.38 
	2

	Germany
	9.66 
	1.07 
	3

	Korea Rep
	7.98 
	0.89 
	4

	India
	7.34 
	0.82 
	5

	Indonesia
	5.52 
	0.62 
	6

	Russia
	4.30 
	0.49 
	7

	Iran
	3.33 
	0.38 
	8

	Australia
	2.80 
	0.32 
	9

	Chinese Taipei
	2.45 
	0.28 
	10


Source: Authors’ calculation.
┼ Bo Chen, School of International Business Administration, SHUFE. � HYPERLINK "mailto:chen.bo@shufe.edu.cn" ��chen.bo@shufe.edu.cn�, Tele: (86)21-6590-3146. 


( Hong Ma, School of Economics and Management, Tsinghua University. � HYPERLINK "mailto:mahong@sem.tsinghua.edu.cn" ��mahong@sem.tsinghua.edu.cn�. Tele: (86)10-6279-4388. 


� Feenstra (2006, 2009) provides excellent surveys on the gains from trade in monopolistic competition models.


� For example, Bernhofen and Brown (2005) provide a careful measurement of comparative advantage gains from trade using Japanese historical data in mid-1800s. 


� A series of computable general equilibrium (CGE) models, for example, by Harris (1984), Smith and Venables (1988), confirm that large gains from market unification brought by the CUSFTA and European single market reform.


� On the contrary, Arkolakis et al (2008) and di Giovanni and Levchenko (2010) point out that gains from new imported varieties might not be as large as we thought, especially when we take into account the heterogenous productivity distribution across firms.


� The simplicity of CES setup does come with a cost: it may overstate the gains from imported varieties since domestic firms may actually exit as competition intensifies. See Feenstra and Weinstein (2010).


� The share of processing trade rises from 39% in 1992 to a high of 49% in 1998, and then returning to 33% by 2008.


� There are, however, cases that processing imports are used for producing goods which are later sold within China. The share of this type is small and is captured as imports from China to China in the customs data.


� Canada benefit much more from import variety growth due to the average import share in Canadian GDP is more than 21% whereas its share in US GDP is only 6.7% during 1972 to 1988 and 10.7% during 1989 to 2001.


�  Note we exclude processing imports hereafter.


� Note that, however, the dynamic churning of product over each year during the whole time period is not discussed here.


� �EMBED Equation.3���,where � EMBED Equation.DSMT4  ��� are expenditure share,  given by � EMBED Equation.3  ���                                                     


� To see this, assume symmetry (ie, � EMBED Equation.DSMT4  ���equals one), then � EMBED Equation.DSMT4  ���, where pg is the prices for each variety of good g, and Ig refers to the number of varieties available to consumers. An increase in � EMBED Equation.DSMT4  ���, keeping � EMBED Equation.DSMT4  ��� unchanged, reduces the minimum cost � EMBED Equation.DSMT4  ��� (or increases the utility that could be attained by the same expenditure).


� Prices of particular varieties are not available in general and have to be approximated by unit values. 


� Equation (12) clearly reveals that if the prices (measured by unit values) are distorted (i.e. due to “transfer pricing”), then the estimation of the parameters will all be biased. Therefore, we exclude the data of processing imports in our estimation since China’s processing imports are dominantly conducted by multinationals and they may be seriously affected by the “transfer pricing” problem generated by the parent companies overseas.


� If a HS-2 industry does not have enough observations, we have to assume its sigma is unity. That is, any new varieties emerged from this industry would be deemed as no effect on welfare gain. Thus it may generate some underestimation.  


� The average sigma of the Service imports may not be reliable since it is just estimated from one HS-8 goods and has too big standard error (i.e. not statistically significant).


� Criteria for outliers for each country is the same as in section 5.3.
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