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ABSRACT 

Changes in exchange rates may have an important impact on the international 

outsourcing decisions of firms across countries. However, intermediate goods trade is 

often neglected in the empirical studies of the impact of exchange rate volatility on 

bilateral trade flows. Using import unit values of 58 motor vehicle products and 193 

auto-parts, which are classified by the 10-digit level of Harmonized Tariff Schedule 

(HTS), this study examines the impact of exchange rate volatility on the U.S. automotive 

industry exports and imports (both motor-vehicle products and auto-parts) from 37 major 

trading partners for the period of 1996.01 to 2008.4 by using panel data cointegration 

techniques. Specifically, this study aims to compare the impact of exchange rate 

volatility for both the motor vehicle products (final goods) and for the auto-parts 

(intermediate goods) in the US. We found support for the positive hypothesis that 

exchange rate volatility may lead to greater levels of trade.  
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1. Introduction 

One of the important issues in international economics is the relationship between 

exchange rate volatility and trade flows. Empirical studies on the impact of exchange 

rate volatility abound the literature.3 To the best of our knowledge, with the exception of 

Siregar and Rajan (2004), Byrne et al. (2008), Thorbecke (2008a, 200b), intermediate 

goods trade is often neglected in both theoretical and empirical studies of the impact of 

exchange rate volatility or uncertainty on the trade flows. However, trade of intermediate 

goods as well as final goods increased substantially in recent years due to increase in 

production sharing activities. As the world markets have become increasingly integrated 

in the last few decades due to developments in transportation and communication 

technologies, the degree of product fragmentation (i.e. production sharing) increased 

across countries.4 Increase in production sharing activities led to an increase in trade of 

final goods as well as intermediate goods required to produce them.5 Despite the increase 

in intermediate goods trade, empirical evidence on the impact of the exchange rate 

uncertainty on the intermediate goods trade remains sparse.  

Changes in exchange rates may have an important impact on the international 

outsourcing decisions of firms across countries. Traditionally, it is expected that an 

appreciation of country's currency boosts imports and lowers exports. In the case of 

international fragmentation of production, however, an appreciation of home country's 

currency (i.e., a decline in the price of foreign inputs) may cause firms or affiliates 

abroad to use locally produced inputs of the host country rather than of the home 

                                                 
3 See McKenzie (1999) and Bahmani-Oskooee and Hegerty (2007) for an excellent review on this issue.  
4 Product fragmentation can be defined as division of production process into different locations across 
different countries. 
5 A number of studies recorded the growing importance of trade in intermediate goods despite the fact that 
these studies all used different data sources and methods to measure the degree of fragmentation. See 
Feenstra (1998), Campa and Goldberg (1997), Hummels et al. (1998), Yeats (2001), Türkcan (2003), and 
Chen et al. (2005). 
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country. Subsequently, this suggests a negative impact of an appreciation of the home's 

currency on the flows of intermediate goods across countries. However, the negative 

response of home country's intermediate goods exports to exchange rate appreciation 

tend to disappear when foreign affiliate requires large share of imported inputs from the 

home country for further processing. In other words, the impact of exchange rate 

volatility on trade flows, specifically intermediate goods, remains unresolved at the both 

theoretical and empirical level. In addition, there have been a relatively small number of 

recent papers that empirically test the impact of exchange rate volatility on trade flows 

using sectoral disaggregated data.6  In this study we try to fill this gap by studying the 

sensitivity of export volumes to exchange rate changes for intermediate as well as final 

goods in the US auto-industry, where the importance of trade based on production 

sharing (i.e. fragmentation) is growing, thus both final and intermediate goods trade is 

increasing.  

 The US auto-industry is selected for several reasons. First of all, the US is one of 

the biggest players in auto-industry along with Japan and Germany and the US is the 

largest single national market in auto-industry. Second, the auto-industry is one of the 

most important manufacturing sectors in the US economy. The auto-industry represents 

around 10.8 % of the total gross output of US manufacturing in 2003. Furthermore, the 

US auto-industry has considerable share on the US trade statistics. The share of the 

industry in the US total exports and exports amounted to almost 9 and 10 % in 2003, 

respectively.9 Finally, there has been a major structural change in the US auto-industry 

brought about by several developments over the past 20 years, which may have an 

impact on the patterns of the US auto-industry trade. Therefore, given its crucial 

importance in the global auto-industry and in the US economy, the US auto-industry has 
                                                 
6 For a survey of the impact of exchange rate volatility on sectoral trade flows, See Byrne (2008).  
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become an appropriate case to study the impacts of exchange rate volatility on the US 

auto-industry trade.  

 The objective of the present paper is first to examine the current trade patterns of 

the US auto-industry trade brought by the several developments that reshape the industry 

over the last two decades. The impact of the exchange rate volatility on the auto-industry 

exports between the US and its 37 trading partners over the period 1996.q1-2008.q4 are 

analyzed by using an extensive data set of 58 motor vehicle products and 193 auto-parts 

products, which are classified by the 10-digit level of Harmonized Tariff Schedule 

(HTS). Second, the impacts of exchange rate volatility on both motor vehicle products 

and auto-parts exports are investigated by using nonstationary panel estimation 

techniques and tests for cointegration. We found support for the positive hypothesis that 

exchange rate volatility may lead to greater levels of trade.  

The remainder of this paper is organized as follows. Section 2 provides a brief 

explanation of the developments in the US auto-industry. Empirical model and data 

source are discussed in Section 3, while estimation methodology is presented in Section 

4. The regression results of the empirical model are given in Section 5. The final section 

draws some concluding remarks. 

2. Developments in the US Auto-Industry Trade 

In this section, we describe the extent, nature and dynamics of the US auto-industry 

trade. Over the last two decades, auto-industry has been changed and restructured. 

Increasing global competition, the growth and transformation of supply industry and 

changes in consumer demand and more strict environmental legislations contributed 
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restructuring in auto-industry.7 The rise of globalization has been enabled by the 

liberalization of trade and investment rules and globalization allowed motor vehicle 

producers and auto-parts suppliers increase their production and thereby benefit from 

economies of scale. Increasing global competition gave rise into mergers in auto-

industry to achieve larger scale and to reduce costs.8 Restructuring of the supply industry 

and the growth of mega-supplier were other major developments. Few suppliers such as 

Delphi have become dominant in the auto-parts industry through mergers and 

acquisitions. The vertical relations between motor vehicle manufacturers and suppliers 

also have changed in the past decade. The desire of auto-manufacturers such as General 

Motors, Ford, Toyota to reduce costs has led to outsourcing which became another major 

trend in the industry. By outsourcing automakers started to buy parts from outside 

suppliers rather than trying to produce them within their own organization. This 

development reduced vertical integration in auto-industry and allowed auto 

manufacturers to buy parts and components from the best supplier and thus gave rise into 

cost savings. Outsourcing of motor vehicle producers also allows greater economies of 

scale for suppliers since supplier can supply several auto-manufacturers. Scale effects 

and just-in-time delivery have led to major consolidations in auto-parts industry.  

             The increasing use of large sub-assemblies (modules) rather than individual 

components is another trend in auto-industry. Suppliers started to provide entire modules 

rather than individual parts. Furthermore, auto manufacturers have begun requiring their 

suppliers to provide standard modular components that can be used on different vehicle 

models. By doing so, motor vehicle producers are able to reduce production costs.  

                                                 
7 For a more complete analysis of trends in automotive industry, see Sadler (1999), Diehl (2001), 
Corswant and Fredriksson (2002), Humphrey (2003), Lall et al. (2004), and Cooney and Yacobucci 
(2005). 
8 The merger between Daimler and Chrysler and Ford’s acquisitions of Mazda, Jaguar and Aston Martin 
are just a few examples of this trend.  
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These changes caused suppliers to take increasing part in production, modules and 

systems are pre-assembled by supplier and then delivered (just-in-time) to the motor 

vehicle producers. In many cases, module suppliers have set up their operations close to 

the assembly plants. Motor-vehicle manufacturers started to rely on their suppliers for 

design and research expertise and new product ideas. Sturgeon et al. (2007) report that 

since the early 1990s, the largest 20-30 suppliers in auto-industry have taken much larger 

role in design, production and foreign investment.  These trends changed the structure of 

supply industry and placed suppliers to three categories, large diversified multinational 

Tier 1 auto-parts manufacturers and smaller, specialty Tier 1 firms with partners in 

strategic markets and lower tier suppliers.9 The small suppliers had either to innovate 

and add value to the product or to consolidate to reduce fixed costs and achieve larger 

scale. Lastly, the change in the consumer demand and desire for more choice and 

tougher environmental legislations are also contributed to change in the auto-industry 

structure.                

              The subsequent analysis presents a detailed examination of the US auto-industry 

trade. The US is one of the biggest players in auto-industry along with Japan and 

Germany. Figure 1 presents auto-industry trade with world for the period of 1996-2007. 

The nominal value of both auto-industry exports and imports doubled between 1996 and 

2007 (Figure 1.a). The auto-industry trade deficit has grown from $ 68 billion in 1996 to 

$ 155 billion in 2006, despite high level of inward investment by foreign based 

                                                 
9 Auto-parts industry organized itself into several tiers. Tier 1 suppliers delivers directly to automakers and 
works closely with them to design, manufacture and deliver sub-assemblies. Tier 2 mainly supply parts to 
Tier 1 and those that sell parts to Tier 2 are known as Tier 3, etc. moving down to the value chain. The 
term “tier” describes product rather than an entire firm so that some firms may be Tier 1 on one product 
and Tier 2 on another.  
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manufacturers to built vehicles at transplant assembly facilities.10 The growth of the 

deficit was mainly due to rise in the auto-parts imports relative to auto-parts exports in 

recent years (See Figure 1).  

The trade figures including both motor vehicle and auto-parts products suggest 

that the US auto-industry deficit is indeed structural. There are several reasons that 

explain this. First, the US domestic vehicle producers continued to lose market share to 

the US affiliates of foreign based manufacturers (transplant) such as Toyota, Honda, 

Volkswagen, and Hyundai in the last two decades. As a result, the increase in foreign 

transplant company shares in the US domestic market and their preference to obtain 

intermediate goods from their source country may explain relatively high trade deficits 

in the auto industry. In addition to attracting foreign investment, the Big Three have 

increasingly relied more on the foreign auto-parts producers, especially from China, to 

reduce production costs as the competition from foreign-based companies in the 

domestic market intensifies. This has resulted in a substantial trade deficit in the US 

auto-parts trade (See Klier and Rubenstein, 2006). Finally, the US consumers are 

increasing their purchases of small-sized cars due to quality issues, higher gas prices, 

affordability, shifting consumers’ tastes, and fuel economy and emission standards. It is 

likely that higher gas prices and fuel economy and emission standards may give a 

competitive advantage to foreign auto manufacturers that are traditionally specialized in 

the production of small-sized passenger cars.11  

                                                 
10 However, due to downturn in auto-industry in 2008 and 2009, some assembly plants planned by foreign 
firms put into hold. For example, Toyota Motor delayed the start of production at its plant in Blue Springs, 
Mississippi. Toyota will build the assembly plant but won’t install equipment. 
11 According to Cooney and Yacobucci (2005), foreign-brand vehicles are the dominant market force in 
small-sized passenger car sales while the Big Three (General Motors, Ford, and Chrysler) have high shares 
on the light truck market in the US. The Big Three supplied 72 % of the passenger car market in 1986. As 
foreign competition increased and the Big Three’s attention gradually turned to light trucks, their share 
dropped to 41 % in 2005.   
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            Table 1 presents import sources and export destinations of the US auto-industry 

trade. Canada is one of the important trade partners in auto-industry trade. Table 1 shows 

that Canada’s share in both the US auto exports and imports are the highest with 55 % 

and 27 % respectively in 2007. The US-Canada Auto Pact, which reduced the tariffs on 

motor vehicles entering the US, gave rise into the integration of Canada into North 

American production systems. On the other hand, NAFTA agreement in 1994 facilitated 

Mexico’s integration to North American Production systems. Table 1 also demonstrates 

that Mexico is also an important partner in the US auto-industry trade with 17 % share in 

exports and 20 % share in imports in 2008.     

As mentioned above, Canada has a noticeable share in the US auto-industry 

trade. Canada historically had marginally lower operating costs than the US and its 

historical ties to Detroit 3 and Ontario’s proximity to the traditional production areas in 

the US contributed Canada’s becoming an important trading partner in North American 

auto-industry.12 However, integration of Mexico to the North American production 

system, and the rise of the South as a new center of auto-production (both assembly and 

supplier plants) could affect the importance of Canada in the future.13 

Another interesting fact about the US auto-industry trade is a noticeable increase 

in trade with China. As presented in Table 1, China’s contribution to the US auto trade 

deficit in 1996 was almost negligible: the shares of China in the US auto exports and 

imports are less than 1 % in 1996. However, China accounted for 1.7 % of the US auto 

exports, while the corresponding share of imports is around 3.5 % in 2007. The share of 

China in the US exports, particularly motor vehicles, was boosted by China’s new 

                                                 
12 Studer (2004) states that in the late 1990s Canada had a 30 % advantage over the US in direct hourly 
labor costs and a 5 % productivity advantage.  
13  New assembly plants opened by international companies mostly located in South whereas US based 
companies are located in Michigan, Northern Indiana and Ohio. Foreign owned part plants are also 
clustered in south partially due to a need to locate near final assembly plants.   
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“Development Policy of the Automobile Industry”, announced on June 1, 2004, which 

aim to eliminate quota restrictions, domestic content rules, and reduce duty rates 

imposed on motor vehicle imports (See Cooney and Yacobucci, 2005). In addition to 

these new trade policies, China has now become the second largest vehicle market in the 

World after the US thanks to China’s strong economic growth in recent years, which 

help to create favorable market conditions, especially China’s growing middle class. As 

a result, the Big Three, notably General Motors, continue to do very well in the Chinese 

auto market.  

On the other hand, the US auto imports from China has been pushed up mostly 

by imports of auto-parts. But despite rapid increase in the US auto-parts imports from 

China during the period analyzed, China’s contribution to the US auto-parts market, 

especially original equipment (OE) market, is still below our expectations. This appears 

to be due to shipping distance between the US and China that may limit China’s role as a 

supplier for the US auto manufacturers, which have adopted “just-in-time” inventory 

control and supply techniques (See Cooney and Yacobucci, 2005). In aftermarket parts 

market (sold to retailers not manufacturers), timeliness of delivery is not a key concern, 

rather than OE market.  

When motor vehicle products trade examined, it can be seen that import 

penetration for motor-vehicle products is very high, around 61 % of auto-imports was 

motor vehicle product imports (See Figure 1.e). Table 2 presents motor vehicle trade by 

countries. The US is the largest single national market in auto-industry. According to 

Ward’s AutoInfoBank total light vehicle sales were 16.5 million in the U.S in 2007. The 

US motor vehicle demand has been met mainly domestic production and imports from 

NAFTA. As seen in Table 2, imports from NAFTA accounted for around 45 % of total 
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motor vehicle imports. However, Sturgeon et al. (2007) state that since the dip in 1996 

vehicle imports from outside NAFTA increased to nearly 18 % in 2004-2005 and this 

increase was mainly at the expense of the US production. They argue that American 

auto-makers are expected to continue to gradually lost their market share to European 

and Asian companies in the US. Nevertheless, regional integration in auto-industry is 

still more pronounced in North America compare to the rest of the world and the North 

American auto-industry mainly focused on supplying the US.  

As seen in Figure 1.b, during the last two decades the US was a large net 

importer of motor vehicle products. Both nominal values of motor vehicle exports and 

imports have increased since 1996. However, the increase in imports was more 

pronounced especially in recent years, which gave rise into increasing motor vehicle 

deficit in the US. This trend suggests that the US motor vehicle deficit is mainly 

structural.   

             In the following section, the trends in the US auto-parts industry are briefly 

discussed and the magnitude of the US imports and exports of auto-parts, the specific 

types of parts being traded, and the countries of origin and destination are examined.  

            In the last 20 years the US auto-parts industry has restructured itself to maintain 

its competitiveness. In line with the world auto-industry trends, suppliers in the US 

consolidated their operations. Another major trend in the US auto-parts industry is 

outsourcing. Sturgeon et al. (2007) states that there was a structural shift in the US auto-

parts industry after 1985. Until 1985, parts and assembly employment were equally 

divided. However, after 1985 composition of employment shifted into the supply base 

and build-up modules and subassemblies began to be purchased from outside suppliers. 

These trends shifted research and development responsibilities to some extent to auto-
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part manufacturers and caused mergers in auto-parts industry and created mega-

suppliers, which manufactures products and supply in markets worldwide.  As a result, 

importance of suppliers relative to lead firms in auto-industry increased over time.14  

           In the US, previously domestic manufacturers were highly integrated with the 

assemblers manufacturing many of their own parts, as well as vehicles and engines. In 

recent years, assemblers have increasingly outsourced auto-parts and components and 

modularization has become a new trend in auto-industry.15 Besides, Japanese, Korean 

and European assemblers have established operations in the US and the foreign-owned 

parts and system suppliers have accompanied them.16  In recent years, the number of 

foreign-owned suppliers increased in the US due to both entry of new firms into the 

market as mentioned above and acquisitions of US companies.17 

           The US auto-parts trade was almost balanced until the end of 1990s but started to 

deteriorate rapidly during 2000s. Auto-parts compare with motor vehicle products are 

more heavily traded both within and between the regions. Compare to motor vehicle 

products, the production of auto-parts always more export oriented. By contrast, import 

penetration for auto-parts was lower than motor vehicle products. Auto-parts accounted 

more than half of the total auto-industry exports but only less than 40 % of total imports 

(Figures 1.d and 1.e). However, auto-part imports grew faster than exports, consequently 

auto-parts deficit increased during the 2000s. The nominal value of imported auto-parts 

                                                 
14 Sturgeon et al. (2007) state that the combined sales of the largest 150 suppliers in North America nearly 
tripled between 1991-2005 whereas motor vehicle production in North America rose by only 40 % in 
North America during the same period.  
15 In modularization, modular assembly shifts a large portion of the supply chain management and 
component integration responsibility to Tier 1 suppliers. 
16 Partially due to political concerns Japanese, Korean and German auto-manufacturers in North America 
concentrated in the US rather than Mexico or Canada, which have lower operating costs that the US and 
free trade agreement with the US. For example, Honda recently opened an assembly plant in Indiana on 
November 2008. 
17 Klier and Rubenstein (2007) state that foreign-owned companies accounted for 88 of the 150 largest 
parts suppliers in North American original equipment sales compare with 41 of the 150 largest in 1994.   
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nearly tripled from $47.2 billion in 1996 to $96 billion 2007 and exports increased from 

$39 billion in 1996 to $58 billion in 2007 and a substantial trade deficit in auto-parts 

emerged in the US in 2007 (See Figure 1.c).                                                                    

Table 3 presents auto-parts trade by countries. Canada and Mexico have 

important shares in both the US auto-parts imports and exports. This is due to intense 

regional integration on the production side in auto-industry for both political and 

technical reasons. In 2007 exports to Canada and Mexico accounted for 78 % of the total 

US auto-parts exports and the US imports from those countries accounted for 63 % of 

total US auto-part imports. Auto-parts trade with Mexico resulted with around $ 15 

billion deficit whereas US did have about $ 12 billion surplus in auto-parts with Canada 

as seen in Table 3. Mexico has become a very important export platform in North 

America with the decline of Canada.18  

           As presented in Table 3, there was a significant shift in the regional structure of 

the US auto-parts imports. In 1996, Japan was the leading source of the US auto-part 

imports with 34 %. However, this share declined during the 1990s due to voluntary trade 

restrictions and dropped to 25 % in 2007. In 1996, Mexico ranked third as an exporter of 

auto-parts to the US (around $ 11.6 billion) well behind Japan (around $ 13.4 billion) 

whereas in 2007 Mexico was the leading source of auto-part imports in the US with 

nearly $ 28 billion (see Table 3). NAFTA has fostered this development and production 

networks emerged between Mexico and the US, which lead to rise in Mexico in the US 

auto-parts imports. The results indicates that Mexican manufacturing establishments for 

auto-parts in North American assembly industry become very significant and supports 

                                                 
18 Canada’s decline reflects US market share decline of Detroit 3 auto-makers, which have sourced their 
part production to Canada. 
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the argument that there are still low-cost production advantages to manufacturing auto-

parts for the US market in Mexico.19     

           When we examine national sources of imports, Mexico, Canada, Japan, China, 

and Germany were the countries of origin for 81 % of the parts imported into the US in 

2007, totaling about $28 billion from Mexico, $20 billion from Canada, $ 15 billion 

from Japan, $ 8.8 billion from China, and $ 8.3 billion from Germany (see Table 3). 

NAFTA countries supplied around $ 48 billion in auto-parts to the US in 2007. Most of 

the rest came from Japan and Germany reflecting imports of auto-parts by Japanese and 

German owned final assembly plants in the US. Imports from Japan were a major source 

of the US auto-parts deficit with about $ 13 billion in 2007. An interesting fact is that 

even though China’s parts exports are not linked to the export of vehicles, in 2007 China 

exported twice as much in auto-parts to the US as Korea, which is a major exporter of 

motor vehicle products to the US  (See Table 3).  

            In export composition of the US in auto-parts, two countries, Canada and Mexico 

were the main receivers of US auto-parts exports both in 1996 and 2007. During 2007, 

Canada received approximately 55 % and Mexico received 23 % of the US auto-parts 

exports (See Table 3). Canada and Mexico play a dominant role in US auto-parts exports 

because final assembly plants in these countries are major markets for original 

equipment parts made in the US. These exported parts are used for production of 

vehicles destined for return to the US market.  

             To examine the auto-parts trade more closely, we first classified the parts 

information into six subcategories-bodies and parts, chassis and drivetrain parts, 

                                                 
19 While some Mexican assembly plants are highly automated others continue to rely on manual labor and 
due to weak labor unions lower labor costs are still low in Mexico and Mexico has comparative advantage 
in labor-intensive sectors.    
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electrical and electric components, engines and parts, tires and tubes, and miscellaneous 

parts. As it can be seen in Table 4, in 2007 the US was the net importer in all categories.   

            Chassis and drivetrain components category has the largest amount in auto-parts 

imports, by a wide margin. This category accounted for $ 27 billion of the $ 96 billion in 

auto-parts imports with 28 % share in 2007 as seen in Table 4.20 A significant share of 

imports (17 %) to the US final assembly plants also consists of engines and parts 

produced by high-skilled workers in developed countries such as Canada, Japan.             

             Table 5 presents the top 5 import sources and export destinations of the US 

respectively for each auto-parts product category. Auto-parts need wide range skills to 

produce. Some parts such as engines are relatively hard to ship and required on just-in-

time basis and need high technology and skilled labor to be manufactured. Vehicles 

assembled in the US contained nearly $17 billion worth of imported engines and parts in 

2007, an increase from $10.5 billion in 1996 (See Table 4).  In this category, top five 

import sources were Canada, Mexico, Germany, Japan, and Brazil in 2007 as seen in 

Table 5. Engine plants are not linked to specific assembly plants however they are 

generally organized to serve their regions. North American assembly plants are almost 

entirely supplied by North American engine plants. Canada has been the leading import 

source of chassis and drive train components, as well as of engines and parts. Body and 

chassis components are major, heavy weight modules that have traditionally been built 

close to final assembly plants and end markets. Japan has been a close second leading 

exporter of chassis and drivetrain components after Canada. Japanese drivetrain 

exporters are closely tied to Japanese carmakers in the US. 

                                                 
20 Engineering advances caused transformation of chassis modules from high-cost production items 
requiring skilled labor to low-cost generic items sensitive to labor cost savings. Thus, the chassis has 
become the main battleground system between domestic and imported sources. (Klier and Rubenstein, 
2006) 
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             Some auto-parts such as tires, electric wiring involve a production process which 

is labor-intensive and these components are not required on a just-in-time basis and easy 

to transfer.  Mexico has been the dominant source of electrical and electric components 

which are especially sensitive to labor costs. Around 55 % of electrical and electric 

component imports originated in Mexico in 2007. In this category China was in the third 

place following Japan. Tires and tubes category is also labor intensive and China was the 

major import source in this category. 

             China’s contribution to the US auto-parts market was almost nonexistent in 

1996. By 2007 China listed as one of the import sources of the US. However, China’s 

role in the US trade account was small. In 2007 US imports from China was $ 8.6 billion  

compare to $ 1.1 billion in US exports to China.  Still, in 2007 China became the fourth 

largest source of auto-parts imports for the US after Japan (See Table 3) Analyzing the 

underlying detail of what is imported from China, Klier and Rubenstein (2006) 

concluded that the rapid increase was mainly in aftermarket parts (sold to retailers not 

manufacturers), where timeliness of delivery is not a key concern, rather than original 

equipment.21, 22 For example, China passed Canada as the leading source of tires and 

tubes category in 2007 (See Table 5). Producers of aftermarket parts face more pressure 

to minimize price than to maximize quality, this might explain increasing share of China 

in the US auto-parts imports. As presented in Table 5, China is within the top 5 import 

sources of the US in following categories; bodies and parts, chassis and drive train parts, 

electric and electrical components, tires and tubes, miscellaneous parts. Sturgeon et al. 

(2007) present that during the 1995-2005 period, the share of US imports from China 

                                                 
21 Auto-parts are either original equipment (OE) or aftermarket parts. OE parts are used in the assembly of 
a new motor vehicle or are bought by the manufacturer for its service networks and referred to as OE 
Service parts. Aftermarket parts consist of replacement parts and accessories. 
22 China’s role as a original equipment supplier for auto manufacturers using “just-in-time” inventory 
control techniques might be limited due to its distance to the US.  
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and Mexico increased dramatically in more labor-intensive auto-parts in which Canada’s 

share fell most dramatically. The small but rapidly growing flow of auto-parts from 

China to North America and rising investments from international auto manufacturers 

and parts suppliers indicate that China may become an important player in the world’s 

auto-industry, including not only after market parts but also original equipment parts 

production in the future.  

        In conclusion, auto-parts production is highly integrated across in North-America 

around 49 % auto-parts imports came from Mexico and Canada and 78 % of the US 

auto-parts exports were headed for these two countries. But cost pressures due to global 

competition are changing the trade trends in auto-parts. 

3. Empirical Model and Data Source 

Since the beginning of the flexible exchange rate system in 1973, numerous theoretical 

and empirical studies have been written to investigate the impact of exchange rate 

volatility on international trade flows. A wide variety of methods and volatility measures 

have been used in the empirical literature to examine the effects of exchange rate 

volatility on trade flows. In more recent years, authors have used a simple model in 

which trade is a function of the importing country’s income, relative prices, and 

exchange rate volatility. Consistent with the recent trend in evaluating the effects of 

exchange rate volatility, the following specification of the long-run export demand 

function is specified: 

 ijttijijtijtjtijt VOLREERYX εμαββββ ++++++= lnlnlnln 3210                    (1) 

where ijtX  is real auto-industry exports (both motor-vehicle products and auto-parts) 

from a country i  (the US) to its trading partner j  at time t , jtY  represents the real 

income of its trading partner j  at time t , ijtREER  is the bilateral real exchange rate 
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between the US and its trading partner j  at time t  which reflects the price 

competitiveness, and ijtVOL  denotes the volatility of the bilateral exchange rates 

between the US and its trading partner j  at time t . In addition, ijα  is the country effect 

and tμ  is the time effect, and finally ijtε  is the white noise disturbance term distributed 

randomly and independently.  

Data on quarterly nominal exports of the US auto-industry were obtained from 

United States International Trade Commission’s (USITC) website: http//www.usitc.gov. 

The USITC database provides detailed annual bilateral trade data for product exports and 

imports in values and quantities (in thousands of $ US at current prices) at the 10 digit 

level of the Harmonized Tariff Schedule (HTS). There are about 17745 items at the 10-

digit level of the HTS. For the measurement of trade in automobile industry, we choose 

to identify 58 items as motor vehicle products and 193 items as auto-parts from the ten 

digit level of HTS. Moreover, auto-parts codes are divided into 6 subgroups: Bodies and 

parts, Chassis and Drivetrain parts, Electrical and Electrical components, Engines and 

parts, Tires and Tubes, and Miscellaneous parts. In order to select the motor vehicle 

products and auto-parts from the trade data, we employ the list provided by the Office of 

Aerospace and Automotive Industries' Automotive Team, part of the US Department of 

Commerce's International Trade Administration. That team's definition of motor vehicle 

products and auto-parts can be found at http//www.ita.doc.gov/td/auto.  

Furthermore, both motor vehicle and auto-parts exports series are also deflated 

using the BLS price deflator for motor vehicle manufacturing (NAICS, 3361) and motor 

vehicle parts manufacturing (NAICS, 3363). The data for the BLS price deflator 

(2000=100) for motor vehicle manufacturing (NAICS, 3361) and motor vehicle parts 
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manufacturing (NAICS, 3363) were taken from United States Department of Labor’s 

webpage: http://www.bls.gov.   

 Based on the standard theory, it is expected that the real income of the importing 

country, jtY , should have a positive impact on the demand for exports. Thus, the value 

for 1β  should be positive. The log of the real quarterly GDP of the importing country is 

used as a proxy for real income of the importing country j . The data on real GDP 

measured in 2000 dollars were obtained from the International Financial Statistics (IFS) 

of the International Monetary Fund (IMF).   

In equation (1), the bilateral real exchange rate, ijtREER , is used as a proxy for a 

measure of price competitiveness. The bilateral real exchange rate in the export demand 

function is calculated using following equation: 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
×=

jt

it
ijtijt CPI

CPI
EREER ln              (2) 

where ijtREER  denotes the log of the bilateral real quarterly exchange rate between the 

US and its trading partner, ijtE  is the nominal quarterly exchange rate and defined as 

country j  currency per U.S. dollars, and itCPI  and jtCPI  and  represents the quarterly 

consumer price index (CPI) of the US and its trading partner j  at time t , respectively. 

In terms of this definition, the increase in ijtREER  can be interpreted as the real 

appreciation of the US dollar. Hence, if ijtREER  rises, the demand for auto-industry 

exports will fall, so 2β  is expected to be negative. The quarterly exchange rate and the 

quarterly CPIs (2000=100) were also taken from the International Financial Statistics 

(IFS) of the International Monetary Fund (IMF).  
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 A number of theoretical studies dealing with the effects of exchange rate 

volatility on trade flows have argued that exchange rate volatility may reduce the volume 

of trade. Other theoretical papers, however, shown that trade benefits from exchange rate 

volatility. Likewise, the empirical studies that investigated the effects of exchange rate 

volatility on trade flows have reported mixed results. Hence, the sign of 3β  is 

ambiguous, in other words, it could be either be positive or negative. However, if traders 

are risk averse and hedging in the forward markets is impossible, then it is generally 

expected that increased volatility will have a negative impact on the volume of trade.   

 Various measures of exchange rate volatility have been used in the empirical 

literature. Nonetheless, the standard deviation of exchange rates as the measure of 

exchange rate volatility seems to be the most commonly used method in the literature. 

Following Akhtar and Hilton (1984), the standard deviation of exchange rates is applied 

as volatility in this paper. In addition, one of the main discussion on the calculation of 

exchange rate volatility is whether the nominal or the real exchange rate should be used. 

Although the nominal exchange rate was often used at first in the literature, this paper 

employs both exchange rates in the estimation of equation (1).   

Therefore, the nominal and real exchange rate volatility, ijtVOL , is defined as the 

log of the standard deviation of the nominal or real exchange rate during the quarter, 

calculated using monthly data: 

[ ]
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VOL           (3) 

where n  represents the number of sub-periods within the period under investigation and 

m  a month, ijme  is the monthly exchange rate (nominal or real), ijme  is the mean of ijme  

from the first month to last month in any given quarter. Data for the monthly exchange 
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rates and monthly consumer prices indices (2000=100) are also from the International 

Financial Statistics (IFS) of the International Monetary Fund (IMF). 

4. Econometric Procedure 

4.1 Panel Unit Root Tests 

This study examines the impact of exchange rate volatility on the US automotive 

industry exports and imports (both motor-vehicle products and auto-parts) from 37 major 

trading partners for the period of 1996.01 to 2008.4 using both cointegration tests and 

panel dynamic ordinary least squares (DOLS) techniques, as in the studies of Faruqee 

(2004), Thorbecke (2008b), and Arize et al. (2008).  

As a pre-test for cointegration analysis, first panel nonstationarity of the variables 

is investigated. Four types of panel unit root tests, Levin, Lin, and Chu (1993) (LLC), 

Im, Pesaran, and Shin (2003) (IPS), Breitung (2000) and Hadri (2000) unit root tests, are 

employed in this paper. 

With the exception of IPS test, all of the aforementioned tests assume there is a 

common unit root process across the relevant cross sections.23 LLC and Breitung tests 

assume that the variable y is determined by following stochastic process: 

                TtandNizyy titiitiiti ,...1,..,1' ,,1,, ==++= − ςγρ                                                         (4) 

where iρ  is an autoregressive (AR) coefficient, tiz ,   is the deterministic component and 

ti,ς  is the error term. The deterministic component, tiz , , could be zero, one, units and/or 

time effects.  It is assumed that each AR coefficient is the same for all units, ρρ =i , that 

the error term ti,ς  is stationary process. By contrast, the less restrictive IPS test allows 

for individual unit root process; i.e. iρ
 may vary across cross-sections.24 LLC, Breitung 

                                                 
23 In the literature, this is referred to as pooling the residuals along the within-dimension.   
24 In the literature, this is referred to as pooling the residuals along the between-dimension.   



 

 

 

20  

and IPS tests have null hypothesis of unit root (i.e. H0: nonstationary) against alternative 

hypothesis that all individual series in the panel data are stationary. 

Hadri (2000) proposes a Lagrange multiplier test (LM) based on residuals. 

Similar to the Kwiatkowski et al. (1992) unit root test the Hadri test assumes that each 

time series is stationary around a deterministic level or around a unit specific 

deterministic trend against the alternative hypothesis of a unit root in panel data (i.e. H1: 

nonstationary).  

Table 6 presents the panel unit root test results for all the variables in equation 1. 

As can bee seen, the LLC test and the IPS test statistics show the presence of a unit root 

in some cases. On the other hand, the statistics obtained from Breitung test and the Hadri 

test reject the null hypothesis of a unit root with only one exception. Overall, the test 

results suggest that series in question are not stationary and OLS estimation will result in 

biased and inconsistent estimates.  

4.2 Testing for Panel Cointegration 

Having confirmed that variables are nonstationary and exhibit unit roots, next step is to 

determine whether variables are cointegrated. In order to test cointegration relationship 

in the variables in equation (1), the methodology proposed by Pedroni (1999) is 

employed. 

Pedroni (1999) has developed seven tests based on the residuals from the 

cointegrating panel regression under the null hypothesis of nonstationarity. 

The method utilizes the residuals from the panel cointegration regression given 

by: 

TtNieXy itiittititi ,...,1,...,1', ==++++= βγδα                       (5)       

ititiit ee ξρ += −1ˆˆ                                                                                                    (6) 
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First four tests are based on pooling along the within-dimension and the 

remaining three are based on pooling along the between-dimensions. Within-dimension 

based statistics are known as panel cointegration statistics, which are a variance ratio test 

(v-statistic), a panel version of Phillips-Perron (1988) (PP) ρ-statistic and t-statistic, and 

ADF t-statistic. The null hypothesis is 1=iρ  against 1<= ρρ i . Between-dimension 

based statistics are known as group-mean panel cointegration statistics.  Group panel 

statistics are Phillips-Perron (1988) (PP) ρ-statistic and t-statistic and ADF t-statistic. 

The null hypothesis is 1=iρ  against 1<iρ . 

The results of Pedroni panel cointegration tests using nominal exchange rate 

volatility and real exchange rate volatility in equation (1) are reported in Table 7 and 8, 

respectively. As shown in Table 7 and 8, nearly unanimously the test statistics can not 

reject the null of no cointegration for each of the nine cases. Theory also supports 

cointegration among considered variables. Thus, it can be concluded that there is a 

cointegrating relationship among variables in equation (1).  

4.3 Estimations of Exchange Rate Volatility on the US Auto-Parts Exports by 

DOLS 

The presence of cointegration and unit roots considerably affects the asymptotic 

distributions in time series as well as in panel analysis. OLS estimation of panel co-

integration regression would be biased due to serial correlation and endogeneity. 

However, cointegration equations have attractive properties: as the number of 

observations increase in T and N, the OLS estimation of the cointegrated variables 

converges in the long-run equilibrium to the true value. However, for moderate sample 

size, the estimation bias may remain substantial. Kao and Chiang (2000) suggest that 

dynamic (D) OLS estimator performs better in estimating the panel equations than does 
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the OLS estimator with bias correction or the fully-modified OLS estimator in finite 

samples. As a result, they suggest using the DOLS estimator when dealing with panel 

cointegration. Thus, DOLS estimation procedure is employed to obtain panel data 

estimates in this paper.25 The DOLS estimation involves regressing dependent variable 

on a constant, regressors, and leads and lags of their first differences. The use of lag and 

lead values of the first differenced explanatory variables as additional regressors is to 

correct the endogeneity and serial correlation problems. The equation estimated by 

DOLS is: 

ijttij

q

qk
kijtkijtijt ZZX εμαγββ +++Δ+′+= ∑

−=
+

2

1

0                                              (7) 

where ijtX  is real auto-industry exports (both motor-vehicle products and auto-parts) 

from a country i  (the US) to its trading partner j  at time t , [ ]ijtijtjtijt VOLREERYZ ,,=′ ,  

jtY  represents the real income of its trading partner j  at time t , ijtREER  is the bilateral 

real exchange rate between the US and its trading partner j  at time t  which reflects the 

price competitiveness, and ijtVOL  denotes the volatility of the bilateral exchange rates 

between the US and its trading partner j  at time t , [ ]321 ,,' ββββ = ,  1q  and 2q indicate 

number of lags and leads employed in estimation respectively. In this paper one period 

lead and lag are used.26 The estimation results are summarized in the next section. 

5. Empirical Results 

The DOLS results for each of the nine product groupings (total auto-industry exports, 

motor vehicle products exports, auto-part exports, and six subcategories of auto-parts) 

                                                 
25 Recently several studies, such as Faruqee (2004), Thorbecke (2008), and Arize et al. (2008) have used 
DOLS technique to investigate the impact of exchange-rate volatility on the trade flows.  
26 The results, available on request, are robust to using higher order of leads and lags and inclusion of more 
than one lead and lag makes no qualitative change in the findings.  
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with volatility calculated using both nominal and real exchange rates are reported in 

Table 9 and 10, respectively.  

 In general, the estimated coefficients of the equation (7) show expected results in 

regard to the importing country income and the bilateral real exchange rate. As seen 

from Table 9 and 10, the estimated coefficients for the  real income of its trading partner 

( jtY ), which measures economic activity of its trading partner, carries the expected 

positive sign and is significantly different from zero in all product groups except for  

electric components and tires and tubes. For electric components, we obtain a negative 

and statistically significant coefficient using both the nominal exchange rate volatility 

and the real exchange rate volatility. Meanwhile, for tires and tubes, the coefficients on 

the real income of its trading partner is a positive but statistically insignificant.  

In addition, it is worth noting that the size of the estimated coefficients of jtY  

across product categories in Table 9 (using the nominal exchange rate volatility) is quite 

similar to that of Table 10, where we have employed the real exchange rate volatility. 

Furthermore, as can bee seen from Table 9 and 10, the estimated coefficient of jtY  in 

motor vehicle products is relatively higher than in auto-parts, implying that the impact of 

the income changes are more pronounced in the motor vehicle exports than auto-parts 

exports. 

The results indicate that the estimated coefficients of the bilateral real exchange 

rate ( ijtREER ) also have the expected negative sign in all cases using both the nominal 

exchange rate volatility and the real exchange rate volatility. In other words, the volume 

of the US auto-industry exports tends to be lower when the foreign substitute products 

are relatively cheaper (meaning an increase in ijtREER ). Moreover, the results indicate 
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that the size of the estimated coefficient of ijtREER  for auto-parts exports is quite lower 

than for motor vehicle products exports, which would lead us to believe that auto-parts 

trade is less sensitive to the bilateral real exchange rates, inconsistent with the findings 

of Byrne et al. (2008) in which intermediate goods trade is found to be more sensitive to 

relative prices.27  

When the auto-parts are highly substitutable, a price increase is likely to induce 

the motor vehicle producers in the trading partners to switch to alternate. However, the 

increase in the multinational activity of the US motor vehicle producers in recent years 

across the globe and their preference to obtain intermediate goods from their home 

country may explain relatively small sensitivity of auto-parts exports to exchange rate 

changes. As a result of these well established relationships between the US auto firms 

and their affiliates in the world, the US motor vehicle producers in the host country 

would not need to switch to foreign substitute products.28  

 In the meantime, the exchange rate volatility ( ijtVOL ) generally turns out to be 

positive but statistically insignificant using both the nominal and real exchange rate 

volatility. For the nominal exchange rate volatility, the results reported in Table 9 

indicate that the exchange rate volatility have positive and significant impacts only on 

total auto-industry exports, auto-parts exports, and bodies exports while it has negative 

but insignificant effects on the chassis exports, engines exports, and miscellaneous parts 

exports. The estimated coefficients on the real exchange rate volatility presented in 

Table 10 are positive and statistically significant only in the case of electric components 
                                                 
27 Byrne (2008) argues that in the case of differentiated goods it is not easy for firms to switch foreign 
suppliers or find new buyers in response to changes in the exchange rate because of the search costs. In 
contrast, for the intermediate goods search costs are minimal due to fact that intermediate goods do not 
vary between suppliers and can be substituted quickly and therefore the response to changes in the 
exchange rate will be large.  
28 For example, the results in Blonigen (2001) show a strong positive relationship between Japanese 
automobile production in the US and imported Japanese automobile imports.  
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exports, while they are negative but insignificant for the chassis exports, engines exports, 

and miscellaneous parts exports. These results seem to be inconsistent with recent 

findings of (2008b) who provided empirical evidence that exchange rate volatility 

reduces the flow of electronic components and thereby the level of fragmentation within 

East Asia. The positive coefficients of the volatility detected in the exports of the US 

auto industry may be regarded as supporting argument of the dominance of income 

effects of risk averse exporters (De Grauwe,1988).  

 At this point, it is necessary to possible reasons behind this relatively positive 

impact of the exchange rate volatility on the US auto-industry trade. One possible 

explanation might be related to availability of the forward coverage to hedge against 

exchange rate risk in the US. For instance, Sauer and Bohara (2001) shows that the 

negative impact of exchange rate volatility is more clearly observed in less developed 

countries such as Latin America and Africa, but not in the developed countries, where 

the exporters operate in a more advanced financial environment.  

 Finally, the positive impact of the exchange rate volatility may be due to an 

increased prevalence of the MNCs in the US auto-industry, as indicated before.  MNCs 

might have more leverage than independent firms in responding exchnage rate 

uncertainty due to their world-wide networks. MNCs can shield themselves against 

unfavorable exchange rate shocks by employing different strategies. These are the use of 

intra-corporate exchange rates, the ability of the manipulate the prices charged on the 

intra-firm transfers, the timing of the payments on those transfers and the decision to 

invoice contracts in selected currencies in order to minimize the effects of exchange rate 

uncertainty on the trade flows (Turkcan and Ates, 2009).  
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6. Conclusion  

This study has focused on the impact of exchange rate volatility on the US automotive 

industry exports and imports (both motor-vehicle products and auto-parts) from 37 major 

trading partners for the period of 1996.01 to 2008.4 using both cointegration tests and 

panel dynamic ordinary least squares (DOLS) techniques, as in the studies of Faruqee 

(2004), Thorbecke (2008b), and Arize et al. (2008). Using the DOLS method, our 

econometric results lead to following conclusions. First, GDP of the importing countries 

turns out to have positive impacts on export volumes of the US auto-industry, while the 

bilateral real exchange rate has negative impacts on the exports of the US auto-industry. 

The second important finding of this paper is that the exchange rate volatility has 

generally positive but insignificant impacts on the US auto-industry exports using both 

the nominal and real exchange rate volatility. This finding could be due to the transfer 

pricing between the US auto-makers and their affiliates in its trading partners. Further 

research is needed to assess the effects of transfer pricing on the impact of exchange rate 

volatility on the trade flows. In addition, the findings in this paper support the theoretical 

claim that volatility can increase the potential gains from trade, i.e income effects 

dominate the substitution effects, and thereby leading to an increase in the volume of 

trade accordingly.   
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APPENDIX 

 

Table A1. Countries Included in the Study 
Australia Japan 
Austria Korea 
Belgium Malaysia 
Brazil Mexico 
Canada Netherlands 
China New Zealand 
Czech Rep. Norway 
Denmark Philippines 
Finland Poland 
France Portugal 

Germany Russia 
Greece Singapore 
Hong Kong Slovak Rep. 
Hungary Spain  
Iceland Sweden 
Indonesia  Switzerland  
India Thailand 
Ireland Turkey 
Italy United Kingdom 
Notes: Countries that we consider in this study account for roughly 95 % of 
the US automotive trade. 
 



 

 

 

31  

 

Table A2. Summary Statistics of Dependent and Explanatory Variables 
Variable Mean St. Dev. Min. Max. Obs. 

ijtX  (Total) 13.050 1.965 7.388 18.777 1938 

ijtX  (Motor Vehicles) 11.561 2.425 3.594 18.166 1930 

ijtX  (Auto-Parts) 12.499 2.075 5.048 18.243 1938 

ijtX  (Bodies) 10.146 2.391 3.511 16.983 1922 

ijtX  (Chassis and Drivetrain Parts) 10.409 2.399 3.601 16.946 1927 

ijtX  (Electric) 10.440 2.082 3.660 16.099 1935 

ijtX  (Engines) 10.380 2.405 3.346 16.600 1926 

ijtX  (Tires) 9.307 2.139 3.124 15.048 1891 

ijtX  (Miscellaneous) 11.076 2.234 3.298 16.445 1921 

jtY  4.667 0.166 3.933 5.575 1769 

ijtREER  1.746 2.228 -1.089 9.848 1962 

ijtVOL (the nominal exchange rate) -2.720 2.563 -7.457 8.221 1948 

ijtVOL (the real exchange rate) -2.502 2.432 -7.848 8.306 1968 

Notes: All variables are in natural logarithmic form.  
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Figure 1. The US Auto-Industry Trade with World, 1996-2007 

a. The U.S. Auto-Industry Trade
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b. The U.S. Motor Vehicle Products Trade
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c. The U.S. Auto-Parts Trade
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d. Export Shares
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e. Import Shares
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Source: Authors’ own calculations. 
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Table 1. The US Auto-Industry Trade by Countries (Values is in Millions of  $) 
1996 2007 

Exports Imports Exports Imports Countries 
Value Share Value Share Value Share Value Share 

Australia 1,027.09 0.0175 231.42 0.0018 1,740.45 0.0166 206.85 0.0008 
Austria 911.98 0.0155 209.42 0.0017 685.84 0.0065 4,205.11 0.0168 
Belgium 799.43 0.0136 901.58 0.0071 733.90 0.0070 1,079.99 0.0043 
Brazil 659.79 0.0112 946.46 0.0075 778.53 0.0074 1,805.45 0.0072 
Canada 34,351.17 0.5854 46,171.51 0.3650 58,460.00 0.5576 67,569.65 0.2703 
China 158.03 0.0027 711.18 0.0056 1,826.36 0.0174 8,628.81 0.0345 
Czech Rep. 25.19 0.0004 5.97 0.0000 42.31 0.0004 334.57 0.0013 
Denmark 20.92 0.0004 17.36 0.0001 71.41 0.0007 33.79 0.0001 
Finland 101.56 0.0017 28.64 0.0002 916.92 0.0087 381.30 0.0015 
France 334.32 0.0057 988.84 0.0078 1,015.95 0.0097 1,301.39 0.0052 
Germany 2,172.77 0.0370 9,972.15 0.0788 8,789.14 0.0838 26,209.39 0.1048 
Greece 25.18 0.0004 0.21 0.0000 107.81 0.0010 9.41 0.0000 
Hong Kong 436.43 0.0074 51.62 0.0004 219.92 0.0021 77.37 0.0003 
Hungary 43.87 0.0007 81.25 0.0006 90.06 0.0009 408.53 0.0016 
Iceland 11.70 0.0002 0.33 0.0000 78.58 0.0007 0.24 0.0000 
India 63.84 0.0011 109.94 0.0009 136.12 0.0013 665.95 0.0027 
Indonesia 69.44 0.0012 176.39 0.0014 45.17 0.0004 569.58 0.0023 
Ireland 15.83 0.0003 11.04 0.0001 46.72 0.0004 8.36 0.0000 
Italy 303.79 0.0052 466.80 0.0037 658.03 0.0063 1,770.10 0.0071 
Japan 4,715.11 0.0804 34,054.19 0.2692 2,293.44 0.0219 58,783.47 0.2351 
Korea 1,121.13 0.0191 2,450.52 0.0194 976.62 0.0093 12,186.16 0.0487 
Malaysia 69.22 0.0012 233.42 0.0018 29.15 0.0003 257.70 0.0010 
Mexico 8,349.86 0.1423 22,957.67 0.1815 18,768.53 0.1790 51,452.97 0.2058 
Netherlands 363.99 0.0062 55.86 0.0004 756.78 0.0072 118.35 0.0005 
New Zealand 67.98 0.0012 38.37 0.0003 118.40 0.0011 5.85 0.0000 
Norway 99.81 0.0017 16.20 0.0001 97.61 0.0009 30.58 0.0001 
Philippines 137.11 0.0023 302.96 0.0024 164.26 0.0016 587.74 0.0024 
Poland 45.52 0.0008 14.53 0.0001 197.12 0.0019 138.54 0.0006 
Portugal 15.49 0.0003 12.21 0.0001 56.54 0.0005 481.62 0.0019 
Russia 131.91 0.0022 7.24 0.0001 996.31 0.0095 10.75 0.0000 
Singapore 267.38 0.0046 237.74 0.0019 268.92 0.0026 91.60 0.0004 
Slovak Rep. 1.72 0.0000 10.78 0.0001 25.15 0.0002 1,049.52 0.0042 
Spain 217.53 0.0037 264.16 0.0021 547.55 0.0052 477.81 0.0019 
Sweden 235.89 0.0040 2,202.70 0.0174 354.96 0.0034 2,616.41 0.0105 
Switzerland 85.26 0.0015 23.00 0.0002 87.80 0.0008 96.17 0.0004 
Thailand 170.63 0.0029 317.25 0.0025 121.74 0.0012 1,136.51 0.0045 
Turkey 51.91 0.0009 31.92 0.0003 120.19 0.0011 122.01 0.0005 
The UK 1,000.18 0.0170 2,181.79 0.0172 2,415.76 0.0230 5,093.85 0.0204 
World 58,679.93  126,494.63  104,840.08  250,003.42  
Source: Authors’ own calculations. 
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Table 2. The US Motor Vehicle Products Trade by Countries (Values is in Millions of  $) 
1996 2007 

Exports Imports Exports Imports Countries 
Value Share Value Share Value Share Value Share 

Australia 286.53 0.0146 127.14 0.0016 812.85 0.0176 5.63 0.0000 
Austria 13.12 0.0007 0.07 0.0000 58.60 0.0013 3,662.70 0.0238 
Belgium 288.03 0.0147 828.99 0.0105 320.79 0.0070 911.56 0.0059 
Brazil 166.81 0.0085 0.46 0.0000 52.77 0.0011 38.24 0.0002 
Canada 12,101.33 0.6159 33,535.93 0.4231 25,602.13 0.5551 47,021.90 0.3059 
China 24.79 0.0013 0.02 0.0000 693.06 0.0150 14.77 0.0001 
Czech Rep. 5.99 0.0003 0.06 0.0000 17.09 0.0004 1.31 0.0000 
Denmark 7.95 0.0004 . . 52.95 0.0011 . . 
Finland 75.39 0.0038 0.84 0.0000 874.78 0.0190 325.61 0.0021 
France 75.47 0.0038 30.21 0.0004 260.31 0.0056 38.42 0.0002 
Germany 1,267.41 0.0645 7,423.37 0.0936 7,205.31 0.1562 17,828.69 0.1160 
Greece 14.79 0.0008 . . 97.73 0.0021 . . 
Hong Kong 168.82 0.0086 . . 121.29 0.0026 . . 
Hungary 4.76 0.0002 . . 14.88 0.0003 206.58 0.0013 
Iceland 7.93 0.0004 . . 71.52 0.0016   
India 0.57 0.0000 . . 4.11 0.0001 0.11 0.0000 
Indonesia 14.75 0.0008 0.00 0.0000 0.42 0.0000 0.02 0.0000 
Ireland 2.45 0.0001 0.03 0.0000 17.57 0.0004 0.08 0.0000 
Italy 67.33 0.0034 99.37 0.0013 500.34 0.0108 807.00 0.0053 
Japan 2,665.10 0.1356 20,619.29 0.2601 549.57 0.0119 43,668.26 0.2841 
Korea 169.85 0.0086 1,847.07 0.0233 382.96 0.0083 8,217.70 0.0535 
Malaysia 2.49 0.0001 . . 1.13 0.0000 0.01 0.0000 
Mexico 1,252.54 0.0637 11,305.30 0.1426 4,815.51 0.1044 23,122.70 0.1504 
Netherlands 105.86 0.0054 0.29 0.0000 405.62 0.0088 7.27 0.0000 
New Zealand 26.66 0.0014 . . 85.72 0.0019 1.91 0.0000 
Norway 78.92 0.0040 . . 62.81 0.0014 0.08 0.0000 
Philippines 52.72 0.0027 0.01 0.0000 47.60 0.0010 0.11 0.0000 
Poland 35.07 0.0018 . . 136.24 0.0030 0.20 0.0000 
Portugal 8.43 0.0004 . . 25.53 0.0006 366.01 0.0024 
Russia 88.19 0.0045 0.01 0.0000 870.62 0.0189 . . 
Singapore 10.03 0.0005 . . 12.72 0.0003 . . 
Slovak Rep. 0.72 0.0000 . . 12.30 0.0003 996.83 0.0065 
Spain 88.25 0.0045 0.00 0.0000 280.44 0.0061 0.25 0.0000 
Sweden 56.01 0.0029 1,922.80 0.0243 125.18 0.0027 2,360.13 0.0154 
Switzerland 62.14 0.0032 0.27 0.0000 67.00 0.0015 0.23 0.0000 
Thailand 35.72 0.0018 0.00 0.0000 10.52 0.0002 0.34 0.0000 
Turkey 23.50 0.0012   56.65 0.0012 0.91 0.0000 
The UK 291.68 0.0148 1,530.20 0.0193 1,392.98 0.0302 4,099.19 0.0267 
World 19,648.13  79,271.72  46,119.60  153,704.73  
Source: Authors’ own calculations. 
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Table 3. The US Auto-Parts Trade by Countries (Values is in Millions of  $) 
1996 2007 

Exports Imports Exports Imports Countries 
Value Share Value Share Value Share Value Share 

Australia 740.56 0.0190 104.28 0.0027 927.61 0.0158 201.22 0.0021 
Austria 898.86 0.0230 209.35 0.0054 627.24 0.0107 542.41 0.0056 
Belgium 511.40 0.0131 72.60 0.0019 413.11 0.0070 168.43 0.0017 
Brazil 492.98 0.0126 946.00 0.0242 725.77 0.0124 1,767.21 0.0184 
Canada 22,249.83 0.5700 12,635.58 0.3237 32,857.87 0.5596 20,547.75 0.2134 
China 133.24 0.0034 711.16 0.0182 1,133.29 0.0193 8,614.03 0.0895 
Czech Rep. 19.20 0.0005 5.91 0.0002 25.22 0.0004 333.25 0.0035 
Denmark 12.97 0.0003 17.36 0.0004 18.46 0.0003 33.79 0.0004 
Finland 26.17 0.0007 27.81 0.0007 42.13 0.0007 55.70 0.0006 
France 258.84 0.0066 958.63 0.0246 755.64 0.0129 1,262.97 0.0131 
Germany 905.36 0.0232 2,548.78 0.0653 1,583.83 0.0270 8,380.70 0.0870 
Greece 10.39 0.0003 0.21 0.0000 10.08 0.0002 9.41 0.0001 
Hong Kong 267.61 0.0069 51.62 0.0013 98.64 0.0017 77.37 0.0008 
Hungary 39.11 0.0010 81.25 0.0021 75.18 0.0013 201.95 0.0021 
Iceland 3.77 0.0001 0.33 0.0000 7.06 0.0001 0.24 0.0000 
India 63.27 0.0016 109.94 0.0028 132.02 0.0022 665.83 0.0069 
Indonesia 54.69 0.0014 176.39 0.0045 44.75 0.0008 569.56 0.0059 
Ireland 13.38 0.0003 11.01 0.0003 29.15 0.0005 8.29 0.0001 
Italy 236.46 0.0061 367.43 0.0094 157.70 0.0027 963.10 0.0100 
Japan 2,050.01 0.0525 13,434.89 0.3442 1,743.87 0.0297 15,115.21 0.1570 
Korea 951.28 0.0244 603.45 0.0155 593.65 0.0101 3,968.46 0.0412 
Malaysia 66.73 0.0017 233.42 0.0060 28.01 0.0005 257.69 0.0027 
Mexico 7,097.32 0.1818 11,652.37 0.2985 13,953.03 0.2376 28,330.28 0.2942 
Netherlands 258.12 0.0066 55.57 0.0014 351.16 0.0060 111.08 0.0012 
New Zealand 41.32 0.0011 38.37 0.0010 32.68 0.0006 3.94 0.0000 
Norway 20.89 0.0005 16.20 0.0004 34.81 0.0006 30.50 0.0003 
Philippines 84.39 0.0022 302.96 0.0078 116.66 0.0020 587.63 0.0061 
Poland 10.45 0.0003 14.53 0.0004 60.87 0.0010 138.34 0.0014 
Portugal 7.06 0.0002 12.21 0.0003 31.02 0.0005 115.61 0.0012 
Russia 43.72 0.0011 7.23 0.0002 125.69 0.0021 10.75 0.0001 
Singapore 257.35 0.0066 237.74 0.0061 256.19 0.0044 91.60 0.0010 
Slovak Rep. 0.99 0.0000 10.78 0.0003 12.85 0.0002 52.69 0.0005 
Spain 129.28 0.0033 264.15 0.0068 267.11 0.0045 477.56 0.0050 
Sweden 179.88 0.0046 279.90 0.0072 229.78 0.0039 256.28 0.0027 
Switzerland 23.12 0.0006 22.73 0.0006 20.80 0.0004 95.94 0.0010 
Thailand 134.91 0.0035 317.24 0.0081 111.23 0.0019 1,136.17 0.0118 
Turkey 28.40 0.0007 31.92 0.0008 63.55 0.0011 121.10 0.0013 
The UK 708.49 0.0182 651.59 0.0167 1,022.78 0.0174 994.67 0.0103 
World 39,031.80  47,222.91  58,720.48  96,298.69 0.0021 
Source: Authors’ own calculations. 
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Table 4. Auto-Parts Trade by Product Groups (Values is in Millions of  $), 1996-2007. 

1996 2007 
Exports Imports Exports Imports Product Groups 

Value Share Value Share Value Share Value Share 
Bodies and Parts 9,378.47 0.2403 8,598.35 0.1821 14,089.61 0.2399 19,127.47 0.1986 
Chassis and 
Drivetrain Parts 7,733.34 0.1981 10,043.45 0.2127 14,995.02 0.2554 27,022.60 0.2806 

Electrical and 
Electric 
Components 

6,156.97 0.1577 10,087.46 0.2136 6,735.80 0.1147 16,845.93 0.1749 

Engines and 
Parts 5,236.12 0.1342 10,546.67 0.2233 11,640.60 0.1982 17,273.13 0.1794 

Tires and Tubes 1,462.77 0.0375 2,409.60 0.0510 2,746.69 0.0468 7,249.52 0.0753 
Miscellaneous 
Parts 9,064.13 0.2322 5,537.38 0.1173 8,512.77 0.1450 8,780.04 0.0912 

Source: Authors’ own calculations. 
 
 

Table 5. Top 5 Import Sources and Export Destinations of the US Auto-Parts Industry in 2007  
a. Import Sources of the US Auto-Parts Industry (Values is in Millions of $) 
Product Groups Country-I Country-II Country-III Country-IV Country-V World 

Mexico Canada Japan Germany China  Bodies and Parts 
8,201.54 5,928.93 1,348.77 1,317.01 1,024.24 19,127.47 
Japan Canada Mexico China Germany  Chassis and 

Drivetrain Parts 6,834.54 5,189.48 4,941.32 2,679.46 2,538.63 27,022.6 
Mexico Japan China Germany Korea  Electrical and 

Electric Components 9,144.66 2,169.37 1,646.87 584.50 505.92 16,845.93 
Canada Mexico Germany Japan Brazil  Engines and Parts 
4,503.15 3,942.37 3,245.99 2,456.95 678.81 17,273.13 
China Canada Japan Korea Germany  Tires and Tubes 

1,806.02 1,494.06 1,131.84 782.14 288.97 7,249.525 
Canada Mexico Japan China Korea  Miscellaneous Parts 
2,976.82 1,845.72 1,173.75 1,090.40 463.28 8,780.041 

b. Export Destinations of the US Auto-Parts Industry (Values is in Millions of $) 
Product Groups Country-I Country-II Country-III Country-IV Country-V World 

Canada Mexico Germany Japan Austria  Bodies and Parts 
8,400.93 3,913.41 567.45 285.03 227.86 14,089.61 
Canada Mexico Japan Australia Germany  Chassis and 

Drivetrain Parts 9,598.50 3,142.51 409.11 232.68 231.39 14,995.02 
Canada Mexico Japan Korea Germany  Electrical and 

Electric 
Components 

3,670.54 1,545.29 240.25 146.63 139.70 6,735.802 

Canada Mexico The UK Australia Japan  Engines and Parts 
6,446.30 2,824.85 422.01 230.52 222.37 11,640.6 
Canada Mexico Australia Japan France  Tires and Tubes 
1,336.02 698.73 134.14 94.45 78.74 2,746.685 
Canada Mexico China Japan Germany  Miscellaneous Parts 
3,405.58 1,828.23 512.18 492.67 389.77 8,512.768 

Source: Authors’ own calculations. 
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Table 6: Panel Unit Root Tests 
Variable  LLC IPS Breitung Hadri 

ijtX  (Total) 0.759 
(0.776) 

0.679 
(0.751) 

2.678 
(0.996) 

18.101* 
(0.000) 

ijtX  (Motor Vehicles) 1.586 
(0.943) 

0.865 
(0.806) 

-0.399 
(0.344) 

15.266* 
(0.000) 

ijtX  (Auto-Parts) 0.718 
(0.763) 

-0.846 
(0.198) 

5.036 
(1.000) 

15.993* 
(0.000) 

ijtX  (Bodies) -0.869 
(0.192) 

-2.329* 
(0.009) 

1.227 
(0.890) 

17.073* 
(0.000) 

ijtX  (Chassis and Drivetrain Parts) 0.967 
(0.839) 

-0.089 
(0.464) 

0.314 
(0.623) 

16.740* 
(0.000) 

ijtX  (Electric) -2.900* 
(0.001) 

-4.566* 
(0.000) 

-3.384* 
(0.000) 

13.226* 
(0.000) 

ijtX  (Engines) 0.846 
(0.801) 

-0.334 
(0.369) 

1.475 
(0.930) 

14.813* 
(0.000) 

ijtX  (Tires) 2.490 
(0.993) 

1.030 
(0.848) 

2.370 
(0.991) 

10.564 * 
(0.000) 

ijtX  (Miscellaneous) 0.098 
(0.539) 

-2.102** 
(0.017) 

0.648 
(0.741) 

12.506* 
(0.000) 

jtY  -3.846* 
(0.000) 

5.921 
(1.000) 

1.649 
(0.950) 

27.169* 
(0.000) 

ijtREER  2.221 
(0.986) 

2.151 
(0.984) 

3.476 
(0.999) 

13.209* 
(0.000) 

ijtVOL (the nominal exchange rate) -7.600* 
(0.000) 

-10.067* 
(0.000) 

-0.780 
(0.217) 

5.017* 
(0.000) 

ijtVOL (the real exchange rate) -0.828 
(0.203) 

-7.266* 
(0.000) 

0.886 
(0.812) 

11.043* 
(0.000) 

Notes: LLC, IPS and Breitung use the null hypothesis of unit root while the Hadri test uses null of no unit 
root. The choice of lag length is based on the modified AIC. The p-values are given parentheses. *,**, *** 
indicate statistical significance at 1, 5, and 10 % levels respectively.  
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Table 7: Pedroni Cointegration Test Results Using Nominal Exchange Rate Volatility 

Variable 
Total 
Auto-

Industry 

Motor 
Vehicles Auto-Parts Bodies 

Chassis and 
Drivetrain 

Parts 

Electric 
Components 

Engines 
and Parts 

Tires and 
Tubes 

Miscellaneous 
Parts 

Panel v-stat -3.667* 
(0.000) 

-4.015* 
(0.000) 

-4.311* 
(0.000) 

-4.601* 
(0.000) 

3.014* 
(0.004) 

3.629* 
(0.000) 

5.122* 
(0.000) 

3.747* 
(0.000) 

-0.319 
(0.379) 

Panel ρ-stat 3.886* 
(0.000) 

4.468* 
(0.000) 

3.952* 
(0.000) 

4.779* 
(0.000) 

-0.903 
(0.265) 

-6.563* 
(0.000) 

-6.942* 
(0.000) 

5.474* 
(0.000) 

-0.436 
(0.362) 

Panel PP-stat -3.849* 
(0.000) 

-2.973* 
(0.004) 

-3.871* 
(0.000) 

-1.331 
(0.164) 

-11.889* 
(0.000) 

-27.591* 
(0.000) 

-27.721* 
(0.000) 

-27.360* 
(0.000) 

-10.682* 
(0.000) 

Panel ADF-stat 2.187** 
(0.036) 

5.066* 
(0.000) 

2.189** 
(0.036) 

3.402* 
(0.000) 

-9.609* 
(0.000) 

-20.247* 
(0.000) 

-20.861* 
(0.000) 

-20.514* 
(0.000) 

-6.495* 
(0.000) 

Group ρ-stat 6.397* 
(0.000) 

6.863* 
(0.000) 

6.736* 
(0.000) 

7.334* 
(0.000) 

1.724*** 
(0.096) 

-5.525* 
(0.000) 

-5.936* 
(0.000) 

8.544* 
(0.000) 

1.967* 
(0.057) 

Group PP-stat -3.590* 
(0.000) 

-3.099* 
(0.003) 

-2.504** 
(0.017) 

-0.440 
(0.362) 

-12.643* 
(0.000) 

-39.428* 
(0.000) 

-37.278* 
(0.000) 

-35.934* 
(0.000) 

-12.563* 
(0.000) 

Group ADF-stat 4.273* 
(0.000) 

4.777* 
(0.000) 

4.986* 
(0.000) 

5.914* 
(0.000) 

-8.323* 
(0.000) 

-23.459* 
(0.000) 

-23.292* 
(0.000) 

-24.116* 
(0.000) 

-6.786* 
(0.000) 

Notes: The null hypothesis is no cointegration.  
The p-values are given in parentheses. *, **, *** indicate statistical significance at 1, 5, and 10 % levels respectively. 
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Table 8: Pedroni Cointegration Test Results Using Real Exchange Rate Volatility 

Variable 
Total 
Auto-

Industry 

Motor 
Vehicles Auto-Parts Bodies 

Chassis and 
Drivetrain 

Parts 

Electric 
Components 

Engines 
and Parts 

Tires and 
Tubes 

Miscellaneous 
Parts 

Panel v-stat 3.901* 
(0.000) 

-5.658* 
(0.000) 

3.952* 
(0.000) 

7.277* 
(0.000) 

5.421* 
(0.000) 

4.023* 
(0.000) 

5.247* 
(0.000) 

4.037* 
(0.000) 

4.649* 
(0.000) 

Panel ρ-stat -13.625* 
(0.000) 

-13.363* 
(0.000) 

-13.442* 
(0.000) 

-9.803* 
(0.000) 

-13.907* 
(0.000) 

-13.912* 
(0.000) 

-13.795* 
(0.000) 

5.599* 
(0.000) 

-9.983* 
(0.000) 

Panel PP-stat -27.625* 
(0.000) 

-27.029* 
(0.000) 

-27.549* 
(0.000) 

-27.808* 
(0.000) 

-27.964* 
(0.000) 

-27.794* 
(0.000) 

-27.670* 
(0.000) 

-27.150* 
(0.000) 

-27.745* 
(0.000) 

Panel ADF-stat -22.061* 
(0.000) 

-20.393* 
(0.000) 

-23.394* 
(0.000) 

-21.976* 
(0.000) 

-23.289* 
(0.000) 

-22.137* 
(0.000) 

-21.152* 
(0.000) 

-19.979* 
(0.000) 

-21.185* 
(0.000) 

Group ρ-stat -13.775* 
(0.000) 

-13.442* 
(0.000) 

-13.568* 
(0.000) 

-9.075* 
(0.000) 

-13.694* 
(0.000) 

-13.878* 
(0.000) 

-13.727* 
(0.000) 

8.704* 
(0.000) 

-9.240* 
(0.000) 

Group PP-stat -36.171* 
(0.000) 

-35.224* 
(0.000) 

-36.000* 
(0.000) 

-36.583* 
(0.000) 

-35.809* 
(0.000) 

-35.985* 
(0.000) 

-35.598* 
(0.000) 

-35.125* 
(0.000) 

-36.814* 
(0.000) 

Group ADF-stat -26.590* 
(0.000) 

-24.390* 
(0.000) 

-27.734* 
(0.000) 

-26.476* 
(0.000) 

-26.444* 
(0.000) 

-27.097* 
(0.000) 

-25.417* 
(0.000) 

-22.991* 
(0.000) 

-25.684* 
(0.000) 

Notes: The null hypothesis is no cointegration.  
The p-values are given in parentheses. *, **, *** indicate statistical significance at 1, 5, and 10 % levels respectively. 
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Table 9: Panel DOLS Estimates for the U.S. Auto-Industry Exports Using Nominal Exchange Rate Volatility, 1996:q1-2008:q4 
Variable Total Auto-

Industry 
Motor 

Vehicles 
Auto-
Parts Bodies 

Chassis and 
Drivetrain 

Parts 

Electric 
Components 

Engines 
and Parts 

Tires and 
Tubes 

Miscellaneous 
Parts 

jtY  0.879* 
(9.74) 

1.544* 
(8.57) 

0.431* 
(4.97) 

0.747* 
(4.96) 

1.389* 
(10.10) 

-0.881* 
(-5.88) 

1.427* 
(10.50) 

0.262* 
(1.55) 

0.363* 
(2.90) 

ijtREER  
-1.412* 
(-15.92) 

-1.939* 
(-11.86) 

-1.135* 
(-11.38) 

-
1.252* 
(-7.99) 

-0.414* 
(-3.20) 

-1.218* 
(-8.92) 

-0.609* 
(-4.53) 

-1.451* 
(-9.62) 

-0.807* 
(-6.04) 

ijtVOL (the 
nominal exchange 
rate) 

0.035** 
(2.07) 

0.044 
(1.19) 

0.033*** 
(1.89) 

0.086* 
(3.07) 

-0.025 
(-0.93) 

0.024 
(0.89) 

-0.013 
(-0.50) 

0.026 
(0.90) 

-0.013 
(-0.48) 

Constant 11.552* 
(23.05) 

7.941* 
(7.88) 

12.574* 
(24.28) 

9.096* 
(10.64) 

4.594* 
(6.02) 

16.719* 
(19.63) 

4.748* 
(6.20) 

10.677* 
(11.99) 

10.747* 
(14.67) 

R-squared 0.32 0.21 0.20 0.12 0.11 0.07 0.13 0.11 0.06 
F Test 57.08* 38.51* 29.98* 14.50* 20.36* 12.51* 23.22* 13.78* 9.57* 
# of observations 1624 1617 1624 1609 1613 1621 1614 1579 1609 
# of groups 36 36 36 36 36 36 36 36 36 
Notes: t-values, given in parentheses, are based on White’s method.  
*, **, *** indicate statistical significance at 1%, 5 %, and 10 % levels respectively. 
 Assumptions for DOLS: 1 lag and 1 lead. The coefficients for lag and lead are not reported. 
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Table 10: Panel DOLS Estimates for the U.S. Auto-Industry Exports Using Real Exchange Rate Volatility, 1996:q1-2008:q4 
Variable Total Auto-

Industry 
Motor 

Vehicles 
Auto-
Parts Bodies 

Chassis and 
Drivetrain 

Parts 

Electric 
Components 

Engines 
and Parts 

Tires and 
Tubes 

Miscellaneous 
Parts 

jtY  0.867* 
(9.67) 

1.437* 
(7.92) 

0.431* 
(5.06) 

0.745* 
(5.06) 

1.378* 
(10.08) 

-0.884* 
(-6.01) 

1.386* 
(10.35) 

0.224 
(1.33) 

0.363* 
(2.90) 

ijtREER  
-1.410* 
(-16.11) 

-2.013* 
(-12.27) 

-1.125* 
(-11.71) 

-
1.189* 
(-7.85) 

-0.396* 
(-3.14) 

-1.264* 
(-9.57) 

-0.605* 
(-4.68) 

-1.490* 
(-9.89) 

-0.807* 
(-6.04) 

ijtVOL (the real 
exchange rate) 

0.026 
(1.35) 

0.058 
(1.31) 

0.020 
(1.05) 

0.050 
(1.58) 

-0.044 
(-1.52) 

0.050*** 
(1.68) 

-0.025 
(-0.94) 

0.021 
(0.62) 

-0.013 
(-0.48) 

Constant 11.542* 
(23.66) 

8.521* 
(8.39) 

12.491* 
(25.41) 

8.867* 
(11.01) 

-4.546* 
(6.08) 

16.862* 
(20.64) 

4.879* 
(6.64) 

10.855* 
(12.15) 

10.747* 
(14.67) 

R-squared 0.32 0.20 0.19 0.11 0.11 0.07 0.13 0.11 0.06 
F Test 56.97* 38.33* 29.83* 13.87* 20.28* 13.40* 22.43* 14.43* 9.57* 
# of observations 1649 1642 1649 1634 1638 1646 1639 1604 1609 
# of groups 36 36 36 36 36 36 36 36 36 
Notes: t-values, given in parentheses, are based on White’s method.  
*, **, *** indicate statistical significance at 1%, 5 %, and 10 % levels respectively. 
 Assumptions for DOLS: 1 lag and 1 lead. The coefficients for lag and lead are not reported. 
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