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Abstract

The factor content of trade calculates the difference in the amount of a production factor (e.g. labor, capital, land) that is embodied in the exports of country and the amount embodied in the country’s imports. If a single-country input-output table is used, all exports are typically viewed as final goods and the answer is relatively simple. Because the recent waves of globalization led to increasing shares of intermediate inputs in total trade flows, trade theorists started paying a lot of attention to incorporating intermediates into their recent empirical work. It has well been recognized that for including trade in intermediate goods, world input-output tables (WIOTs) are necessary. Several measures to determine the factor content of trade using a WIOT have been proposed. In this paper, we will argue that they suffer from double-counting. We will propose a proper factor content of trade measure that avoids the double-counting problem and give indications of the empirical magnitude of the difference between this measure and the incorrect measures proposed so far.
1. Introduction
Testing the Heckscher-Ohlin-Vanek (HOV) theory of trade has been one of the most popular pastimes for empirical trade researchers over the past decades. For a long time, these tests did not consider trade in intermediate inputs. All production stages of final products were assumed to be located in one country, after which these final products could be shipped to an importing country (or be consumed or added to the domestic capital stock). Hence, computing the labor inputs and capital services contained in these trade flows was relatively simple, using national input-output tables (Leontief, 1956).

Due to innovations in transportation and communication, the world has changed. Many firms relocated stages of their production processes to other countries, either through foreign direct investment or by outsourcing these activities to specialized suppliers located abroad. This globalization has led to a situation in which trade in intermediate inputs has gained in importance and can no longer be neglected.
 As a consequence, tests of HOV had to be adapted as well. Not all labor inputs required to produce an American car can be derived from US input-output tables and associated labor statistics anymore, since the labor needed for the manufacturing of components and parts shows up in the Japanese and Taiwanese labor statistics. Such international production chains make testing trade theories considerably more difficult, since information about the production structures of other countries is required. With the increased availability of international input-output tables (which, for example, indicate for how many US$ the Taiwanese motor vehicles industry exported intermediate inputs to the US motot vehicles industry), the data constraints were softened considerably. This led Trefler and Zhu (2010) to test HOV again, taking intermediate inputs trade in full account.
In this paper, we set out to show that the computational approach adopted by Trefler and Zhu (and by Reimer, 2006, before) is flawed. Their computations neglect the fact that globalization has led to very dense international production networks, in which a lot of intermediate inputs are exported twice. Once as an "observable" product (e.g. Japan exporting components of harddisk drives to be assembled in China) and next in "embodied" form (Japan exporting harddisks to China to be assembled with other components into a mobile phone).
 
As we will show in the next section, Trefler and Zhu's approach implies double counting of traded production factors. In Section 3, we will provide an alternative expression for the factor content of trade, which do not suffer from double-counting, but still takes trade in intermediates into account. In Section 4, we will use two new WIOTs (for 1995 and 2006, constructed in the World Input-Output Database project) to investigate the empirical differences between the flawed Trefler-Zhu measure and our correct version. Section 5 concludes by showing that an identical flaw also shows up in the popular literature on "trade in value added" (Johnson and Noguera, 2010; Koopman et al., 2010).
2. Accounting for Factor Contents in Trade
According to Vanek's (1968) extension of the Heckscher-Ohlin theory of international trade (HOV), exports will exceed imports for products that are intensive in factors a country has in abundance. This theory predicts a linear relation between a country's factor content of trade on the one hand, and the difference between the country's endowment vector and its share in world consumption on the other. In formal notation, the HOV-prediction can be expressed as f = v - sw.
  The typical element of f (ff, f = 1, …, k) represents the embodied amounts of production factor i contained in the net exports of the country considered. The typical element of v (vf, f = 1, …, k) stands for this country's endowments of each of the production factors, while s is the country's share in world consumption.
 Finally, the typical element of w (wf, f = 1, …, k) indicates worldwide endowments of production factor f. For each factor f, wf = Σivif (i =1, …, n; i indicates countries).
In HOV, factor demand is assumed to equal factor supply. For testing HOV, this implies that the national factor endowments (v) can be obtained from several well-known databases with harmonized information on e.g. employment, such as OECD's STAN database, the EU KLEMS database or the Penn World Tables. Subsequently, worldwide endowments (w) are obtained by aggregating the national endowments over countries. The empirical operationalization of the left hand side of the equation representing the HOV-prediction is much less straightforward. The remainder of this paper will be devoted entirely to estimating the factor contents of trade f. It should be borne in mind, however, that the flaw that we attempt to correct is not only present in studies that test HOV, but also in papers that assess global imbalances in so-called trade in value added (see, e.g. Johnson and Noguera, 2010, and Koopman et al., 2010).

As soon as empirical studies into the factor contents of trade started to emerge, scholars agreed on the fact that it is insufficient to look at "direct" factor inputs only. The production factors embodied in an exported car are not limited to factor amounts added in the car manufacturing industry itself. "Indirect" factor inputs should be taken into consideration as well. In the example regarding cars, the capital and labor inputs required for the production of components and materials should also be taken into account. If production networks ultimately yielding final export products would not cross national borders, the availability of national input-output tables and associated information about factor use at the industry level would suffice to estimate the factor contents of exports to a very reasonable degree. In such a situation, assessing the factor contents of imports is considerably more difficult. An input-output table (and associated factor use data) for a country will generally not be sufficient to compute sensible estimates of the factors embodied in the imports of this country, unless one is willing to accept that production technologies (factor intensities and intermediate input coefficients) operated in the countries from which imports originate are very similar to the domestic technology. 

Current international trade patterns are characterized by a substantial and still increasing exchange of materials and intermediate inputs. Improved communication technologies and reduced transportation costs have enabled firms to relocate part of their activities to other countries, or to source components that go into their final products from specialized suppliers abroad. The increasing degrees of activity in Chinese processing trade zones and the Mexican maquiladora are prominent reflections of this tendency.
 These developments reinforce the need to account for differences in domestic and foreign production technologies, because industries with identical headings (e.g., "electronics") got engaged in very different types of activities. It goes without saying that "designing mobile phones" and "assembling mobile phones" are not only characterized by different labor and capital coefficients, but also by very different intermediate input coefficients.   
Trefler and Zhu (2010, p. 6-7) provide a brief overview of ways in which input-output tables have been used to estimate factor contents of trade. They argue that using a full international input-output table is to be preferred over existing alternatives and construct such a table on the basis of the GTAP-version 5 set of national input-output tables (see Dimaran and McDougall, 2002, for details on the data, and Hummels et al., 2001, Yi, 2003, and Johnson and Noguera, 2010, for earlier applications that are also relevant for the argument in the present paper). In view of the differences in production techniques highlighted above, we fully agree with the reliance on international input-output tables in estimating factor contents of trade.
 We will argue, however, that switching from the use of national input-output tables to the use of international input-output tables has led to a widespread computational mistake, which causes overestimation of the factor contents of (gross) exports and imports. The consequences for the sign of the bias when estimating the factor contents of net exports is ambiguous and need to be assessed by means of empirical work. This is also true for the assessment of the empirical magnitude of the overestimation.

The overestimation of the factor contents of gross exports is caused by a double-counting problem. Reimer (2006), Trefler and Zhu (2010) and others define the factor contents of country i's trade as


fi ≡ Ati   ,








(1)
with A ≡ D(I-B)-1. In this expression, (I-B)-1 represents the Leontief inverse, which we will denote by L in what follows. The typical element of this matrix of dimensions rxr gives the amount of gross output of industry p (= 1, …, r) that is due to a unit increase in final demand for the output of industry q (= 1, …, r). The matrix D (of dimensions kxr) contains the direct factor requirements per unit of gross output, for each of the k factors in each of the r industries. Consequently, the typical element afq of the (kxr)-matrix A tells by how much the use of factor f would increase due to a unit increase in final demand for the output of industry q. Next, this matrix A is postmultiplied by the country's trade vector ti. In the studies by Reimer and Trefler and Zhu, this vector contains entries for both exports and imports. For reasons of exposition, we will first assume that ti,q indicates the value of gross exports of the output of country i's industry q. If these would be zero, none of the factors used in i could be attributed to its exports, and all factor use could ultimately be attributed to other final demand categories, like household consumption and investment demand. If ti would contain any positive gross export value, Equation (1) gives the factor use that is directly and indirectly due to the exports of country i.

 This procedure is correct if the gross exports can be assumed to be exogenous. Before Reimer (2006) and Trefler and Zhu (2010) produced their studies in which the matrix B is derived directly from an international input-output table, the exogeneity requirement did not pose any problems. In national input-output models, exports are seen as an exogenous final demand category. The amounts of intermediate inputs required to produce this part of final demand are all assumed to be either produced domestically, or to be imported. In any case, exports are supposed not to induce other exports.
The main point of this paper is that the assumption of full exogeneity of gross exports is violated as soon as factor contents are computed on the basis of international input-output tables. Figure 1 gives an illustration of this.  

Figure 1: Illustration of the Double-Counting Problem. 
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[image: image1]
 *Gross trade flows, 2005, in millions of current US$. Source: World Input-Output Database (2010), preliminary release. 

The illustration shows that the factor contents in Australian exports to China are very likely to be overestimated. In 2005, Australia's gross exports of "machinery (n.e.c.)" to China amounted 272 million US$. In order to produce these exported goods, Australia uses "basic metals" as an intermediate input.
 Part of these are imported from China. China, in its turn, needs "metal ores" to produce "basic metals". Part of these were imported from Australia. So, some Australian manufactured exports to China indirectly require exports of raw materials from Australia to China! Reimer (2006), Trefler and Zhu (2010) and Johnson and Noguera (2010) compute the factors directly and indirectly embodied in the final products (let's say, the machines) and then add the direct and indirect factor embodiments of the exported metal ores. This last step is incorrect, since the factor contents of the part of Australian metal ores needed to export Australian machines have already been included in the factor contents of the machinery exports. Only factor contents of raw materials and intermediate inputs that are not induced by exports of final products should be added to the factor contents of final products exports. As we will show in the next section, the information contained in international input-output tables (and associated information about the use of factors at industry level) is sufficient to obtain correct indicators of the factor contents of gross and net exports.         
3. A Correct Expression for the Factor Contents of Trade

The procedure we propose below to compute correct factor contents of trade consists of a number of steps:

1) Take the trade in final products directly from an international input-table;

2) Determine the shares of intermediate inputs trade that is not embodied in final products trade;

3) Determine which part of the result of step 2 can be considered as "net" intermediate inputs trade, i.e. avoid the double-counting problem associated with final products trade for intermediate inputs trade as well;

4) Add the vectors of final products trade and "net" intermediate inputs trade;

5) Multiply the trade vectors from step 4 by the matrix of factor intensities.  

Step 1

The amounts of final products trade can be taken directly from an international input-output table. To facilitate the discussion of the next steps, it is useful to introduce some further notation regarding partitioning of the final demand block (Y) contained in such tables:
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Subscripts 1 relate to the country we are interested in, whereas asterisks refer to the rest of the world. It is important to note that we follow Trefler and Zhu (2010) in assuming that final products serve consumption purposes only, which implies that the leftmost part of the partitioned matrix is an (rx1)-vector, containing consumption demand for each of country 1's final products by consumers in this country. In a similar vein, Y** contains the demand for final products from any other country than 1, for each of the countries in the rest of the world (hence, this is an ((n-1)rx(n-1))-matrix). Country 1's trade in final products to and from the other countries is in the off-diagonal blocks t*1 and T1*.
 The (rx(n-1))-matrix T contains the deliveries of country 1's final products to each of the n-1 other countries, while the ((n-1)rx1)-vector t represents the exports of final products from each of the countries in the rest of the world to consumers in country 1. The vector of final products exports by country 1 is now obtained as Te, in which e is a summation vector of appropriate length. t is the vector of final products imports.   
Step 2

We will determine the levels of trade in intermediate inputs not embodied in final goods trade by menas of a residual approach. We will first calculate the amounts of traded intermediate inputs embodied in trade in final goods and then subtract these from actual trade in intermediate products. 

The amounts of traded intermediate inputs that are already embodied in the exports of final products can be computed using an international version of Leontief's static open input-output model. To this end, partitioning of the intermediate inputs coefficients matrix B and the gross outputs vector q is needed:
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(2)

The right hand side of the equation indicates that output is needed to satisfy the demand for intermediate inputs (first term) and final demand (second term). Both terms have a trade dimension. B11 is the (rxr)-matrix with the requirements of domestically produced intermediate inputs per unit of gross output. B*1, however, is the ((n-1)rxr)-matrix with the requirements of imported intermediate inputs per unit of gross output in the country we consider (n stands for the number of countries contained in the international input-output table). In a similar vein, B** is the ((n-1)rx(n-1)r)-matrix of intermediate input requirements in the rest of the world.
 B1* (of dimensions rx(n-1)r) contains the requirements of intermediate inputs produced by country 1 in each of the industry-level production processes in each of the other countries. 
Equation 2 can be solved for any level and composition of final demand. As is shown in Miller and Blair (2009), the solution for the actual level of final demand equals
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(3)

The parts of the partitioned Leontief inverse L can be shown to equal (see, e.g. Luptacik and Böhm, 1999): 
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Equation 3 and the first term of the right hand side of Equation 2 offer the opportunity to compute the amounts of intermediate exports of country 1 that are induced by exports of its final products. First, the gross output levels associated with final products trade should be computed. These levels (represented by the vector qt) are computed by assuming that consumption of domestic products is zero, both in the country considered and in the rest of the world.:
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(4)
The upper part (
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) gives the output in country 1 that is directly and indirectly needed to produce the exports of its own final products exports.
 In terms of the illustration in the previous section, this represents the amount of "metal ores" produced in Australia directly and indirectly needed for the production of all Australian "machines" exported to China. Some of these "metal ores" will not cross any border, however, and will therefore not cause any double-counting of factor contents. Next, the amounts of intermediate inputs traded to produce the output levels in Equation 4 are determined as
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(5)
Not all "metal ores" exports from Australia to China will return to Australia, embodied in "basic metals". Some of the Australian exports of intermediate products will be used to produce final products in China itself. We should consider such exports properly, because these embody factors as well and can be sizable (preliminary results in Foster and Stehrer, 2010, suggest that Russia, Australia and Canada are examples of such cases). It is important to note that the double-counting problem should be avoided at this stage again, because the production of traded intermediate inputs requires other intermediate inputs, which might well be traded internationally.
The amounts of traded intermediates that are not embodied in final products trade are given by the traded intermediates that end up in y11 and Y** (i.e., domestic deliveries of final products), since all intermediates must by definition eventually be embodied in some final product. Hence,  
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(6)
The first term in the upper part of Equation 6 indicates that some intermediate products exports are needed in order to fulfill domestic final demand (e.g., Australian "metal ores" exports are needed to have China producing the "basic metals" needed for the Australian production of "machines" for the Australian market). The second term relates to Australian exports of intermediates that never return to Australia anymore (like Australian "metal ores" exported to China that eventually end up in Chinese machinery used in China.
Step 3

Computing the factor contents of intermediates exports by multiplying the right hand side of Equation 6 would still lead to double counting. Although not included in the stylized production chain in Figure 1, the production of "metal ores" will also require intermediate inputs, which might be sourced from foreign countries but still have embodied factors. Although this double-counting is likely to be limited in empirical computations, we should take these effects into account.

Our strategy is to derive the exported amounts of intermediates "net" of the traded intermediates that are needed to produce these. To this end, we use a modified version of Equation 2. This time, we know the levels of “gross intermediate trade” zd (comparable to the vector q in Equation 2), and compute how much of this is “net trade in intermediate inputs” zy:

Formula to be added     

Step 4

We have now obtained vectors with imports of final products trade (Te for exports, t for imports, see Step 1) and for net intermediate inputs trade (zy1 for exports, zy* for imports, see Step 3). These vectors can be added to obtain the total exports and imports, net of double-counted intermediate inputs. In the final step, these are treated like in Trefler and Zhu (2010) to compute factor contents of trade. 

Step 5

If the vector tf+zy is premultiplied by the factor intensities matrix D as specified by Trefler and Zhu (2010), we have a correct measure of the factor contents of trade.
4. Empirical Analysis
In this section, we will examine the empirical differences between factor contents of trade as computed by means of Trefler and Zhu’s (2010) measure and the method outlined above. We do this on the basis of preliminary versions of the WIOD international input-output tables. We will compare the factor contents of trade for four countries (Australia and Russia as examples of countries that export relatively many raw materials which serve as intermediate inputs; China, because it attracts lots of interest in the trade in value added literature; and the United States, because most factor contents of trade have focused on this country. Results will be presented for the first and last year for which WIOD data are available, 1995 and 2006.
5. Conclusions

To be finished. 
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Production Chain of Machinery		Australia		China	





Metal ores (CPA 13)					         1,312


							





Basic metals (CPA 27)					638


							





Machinery n.e.c. (CPA 29)					272


							


					











� 	Computations on the basis of preliminary and still confidential World Input-Output Database tables (Foster and Stehrer, 2010) show the 2006 shares of raw materials and intermediate products in total exports amounted to more than 60% for countries like Australia, Brazil, Canada, Russia and Taiwan.


� 	This example is taken from Linden et al. (2010). 


� 	We adopt the convention to denote scalars by lowercase italics, (column) vectors by lowercase bold symbols and matrices by capital bold symbols. Transposition is indicated by a prime. Within these conventions, our notation is as similar to Trefler and Zhu (2010) as possible.   


� 	In HOV, consumption is assumed to be homothetic, i.e. the shares of each product in aggregate consumption is assumed to be identical across countries, irrespective of their level of development or other country-specific features.


� 	See Johnson and Noguera (2010) and Yang et al. (2010) for studies that explicitly address the consequences of the specific characteristics of these activities for analyses of international trade patterns.  


� 	In environmental studies (focusing on the measurement of concepts like "carbon footprints" and "trade in pollution" (see, e.g. Andrew et al., 2009, Nansai et al., 2009, and Wiedmann et al., 2010), these tables are often called multiregional input-output tables (MRIOs).                      


� 	If one would be interested in the factor contents of net exports (exports minus imports) and would be willing to assume that foreign production technqiues are identical to the domestic techniques, one could postmultiply matrix A with a vector of imports, and subsequently subtract the result from the factors attributed to gross exports.


� 	Intermediate input requirements (and their country of origin) cannot be derived from Figure 1. Below, we will extensively deal with quantitative descriptions of production technologies, based on input-output data.   


� 	The symbols t and T are chosen to maintain as much consistency with Trefler and Zhu's notation. Note that we do not consider imports by country 1 as negative exports of this country. Instead, we treat imports by county 1 as (positive) exports by the rest of the world.


� 	Note that B** does not only contain information about the domestic intermediate input requirements in the rest of the world, but also gives a full account of trade in intermediates among the countries that make up the rest of the world. Aggregation of B** into an (rxr)-matrix would lead to aggregation errors.


� 	The first term (� EMBED Equation.3  ���) is needed to correctly compute the intermediate inputs in country 1 that are induced by the demand of country 1 for final products of the rest of the world, and play a rol ein determining the factor contents of the imports of country 1.





PAGE  
1

_1365515554.unknown

_1365578716.unknown

_1365578785.unknown

_1365599580.unknown

_1365576307.unknown

_1365576318.unknown

_1365509017.unknown

_1365515257.unknown

_1365515448.unknown

_1365508947.unknown

