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Abstract

This study presents a theoretical and an empirical investigation of the relationship between exchange rate fluctuations and product quality. The theoretical model, being a slightly adjusted version of a model developed by Moraga-González and Viaene (2004) which was originally used to study the purposes and consequences of anti-dumping policies for developing countries, provides evidence for a clear negative relationship between exchange rates and the quality gap, indicating that a rise in the exchange rate narrows the quality gap existing between countries. The empirical study, focusing on the exchange of 864 HTS characterized products between the United States of America and China over the period 1989-2001, supports this theoretical relationship, by finding significant negative effects of the exchange rate on the quality gap. Additionally, it is shown that the lagged level of the quality gap is of extreme importance, being supportive of the notion that quality adjustments represent a structural change in production processes. The GDP gap also is of significant influence, being indicative of the fact that a widening income gap between two countries increases the quality difference. The effects of the inflation gap are rather indeterminate. The exchange rate volatility does not seem to have any explanatory power in explaining the development of the quality gap.
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1. Introduction
China’s exchange rate policy is currently one the most controversial topics discussed among scientists and (international) economists. Over the past fifteen years, China has consequently been manipulating its currency, keeping its exchange rate (¥/$) at an artificially high level by adopting a strict managed floating exchange rate regime, only allowing fluctuations within a 0.3% band (Ryan, 2006). This somewhat rigid monetary attitude has led to many critical notes in Western countries, in particular the United States of America, pointing at the negative consequences of the adopted Chinese exchange rate policy with respect to their own competitive position in international trade markets. Namely, an artificially cheap Chinese Yuan, and hence artificially expensive Western currencies, gives China a relative cost advantage, whereas Western countries are confronted with a considerably weaker competitive position, having considerable consequences with respect to real economic variables such as real economic growth, the balance of payments and employment. An artificially low Chinese currency provides China with many additional jobs and an increasingly positive current account and facilitates a high economic growth rate, in particular at the expense of potential export growth and jobs in Western countries. Or at least, this is what economic theory predicts.

The question, however, is whether China’s currency manipulation practices indeed have these negative predicted effects on Western economies. In an article published in the International Herald Tribune on the 18th of January 2011, Mark Wu, assistant professor at the Harvard Law School, argued that many of the critical claims made by Western countries are more wishful thinking than actual truths (Wu, 2011). As evidence supporting this particular claim, he particularly pointed at the observed effect of changes in the ¥/$-exchange rate on American exports in various time periods. From 2005 to 2008, the Chinese Yuan appreciated by roughly 20% against the American Dollar. However, over this particular period American exports to China did not increase disproportionally in response to the exchange rate change, rather they grew at a slightly lower pace compared to the years before, in which the Chinese Yuan did not change at all, namely export growth rates were reported to be 71% and 89% respectively. Wu explains this observation, which is contradictory to economic theory, by pointing at the particular difference in quality standards of products produced in the United States of America, and hence Western countries, and China, being indicative of little head-to-head competition between these countries. 


The observation that exchange rate fluctuations do not significantly influence trade balances has led to considerable amounts of research focusing on the relationship between exchange rates, trade patterns and export prices. The phenomenon of incomplete exchange rate pass-through (ERPT), being reported by many researchers, including the study by Kreinin (1977), shows that, in general, there does not exist a one-for-one adjustment of import prices, expressed in local currencies, to exchange rates. Rather, it is reported that only about 50% of exchange rate changes are reflected in prices. This raises questions on how exporting firms deal with the remaining portion of exchange rate fluctuations. Much of the research trying to address this issue has focused on potential markup adjustments, being the result of clearly segmented product markets. This phenomenon is known Pricing to Market (PTM), and was first introduced by Krugman (1987). However, up to now, not so much research has been done on the relationship between exchange rates and product quality, arguing that part of the exchange rate changes result in altered quality levels of traded goods. This paper aims at filling this gap in scientific literature, focusing on the following research question: “Is there a relationship between exchange rate fluctuations and quality standards of traded goods?” 

 The results presented in this research paper provide a substantial body of evidence suggesting a clear relationship between exchange rate changes and quality standards of traded goods. From a theoretical perspective, using a slightly adjusted version of a trade model developed by Moraga-González and Viaene (2004), serving as a clear theoretic framework, it is shown that exporting firms situated in both developing and developed countries respond to exchange rate changes by means of adjusting quality levels of the products produced. Firms producing goods of relatively low quality tend to increase quality standards in response to increased exchange rates, whereas firms producing goods of relatively high quality will do the exact reverse. This will, then, likely reduce the quality gap between the developed and the developing country. From an empirical perspective, similar results are obtained. Using a panel regression model designed to explain the quality gap between the United States of America and China by means of the exchange rate, the exchange rate volatility, the GDP gap, the inflation gap, and the lagged level of the quality gap, various robust and significant results are obtained. In this respect, three variables are shown to significantly affect the quality gap, namely the exchange rate, having a negative influence, the GDP gap, having a positive effect, and the lagged level of the quality gap, having a positive influence on the current quality gap. With respect to the exchange rate, this indicates the following relationship: a depreciation of the currency of a developing country tends to decrease the quality gap existing between developed and developing nations, by giving developing countries a relative cost advantage over Western countries. This allows them to increase their quality standards, whereas OECD countries are forced to do the opposite. This evidence, hence, suggests there is a link between exchange rates and product quality.  
The remainder of this paper is organized as follows. Chapter 2 gives an overview of an important part of the dominant literature published in the area of exchange rates and trade flows, in particular focusing on four strands of literature: the relationship between international trade flows and exchange rate volatility, the invoice currency decision, the exchange rate pass-through phenomenon, and hysteresis in trade. Chapters 3 and 4 are concerned with the discussion, the numerical analysis and the graphical simulations of a crucial theoretical model, related to a model studying anti-dumping legislation in developing nations (Moraga-González and Viaene (2004), serving as a clear fundament for an empirical investigation of the relationship between exchange rate fluctuations and product quality. Chapter 5 deals with the empirical study, primarily focusing on the exchange of manufactured goods between the United States of America and China. Chapter 6 presents a summary of and a conclusion on the most important features discussed in this paper. 
2. Literature Review

In the post-Bretton Woods era, lots of empirical research has been done on exchange rate fluctuations and its consequences with respect to economic factors, varying from macro economic variables such as trade flows and the balance of payments to meso- and microeconomic aspects such as market segmentation and market power. This chapter will give a comprehensive overview of the most important literature studying exchange rate fluctuations, particularly focusing on four dimensions: international trade and exchange rate volatility, the invoice currency decision, exchange rate pass-through, and hysteresis in trade.
2.1 International Trade and Exchange Rate Volatility
Over the past 30 years, many researchers paid attention to the relationship between exchange rate uncertainty and international trade flows, both from a theoretical and an empirical point of view. It represents a substantial body of scientific literature increasing our knowledge of the transmission mechanism of exchange rate fluctuations on the economy. In general, it is expected that an increase in exchange rate uncertainty has negative consequences with respect to trade flows and the overall economy. Given the risk-averse attitude of traders, it is assumed that exporters will respond negatively to exchange rate volatility based on increased uncertainty on expected revenues and profits, reducing the volume of trade (Either, 1973). 
Bahmani-Oskooee and Hegerty (2007) give an overview of the vast empirical literature, published until 2005, focusing on the effects of exchange rate volatility on international export and import flows. The researches review various articles according to three dimensions. First, in terms of aggregate data, the results reported are mostly negative, indicating adverse effects of exchange rate volatility on trade flows. Akhtar and Hilton (1984) were one of the firsts to study this issue by means Ordinary Least Squares regression techniques, using quarterly data for world-leading nations like the USA and Germany over the period 1974-1981, and found significant negative effects of exchange rate volatility on German exports, German imports, and US imports, but no effect on US exports. Along with the development of better statistical estimation techniques, researchers have been better capable to model exchange rate uncertainty, and hence improve their studies. Kroner and Lastrapes (1993) used a more detailed model specification, including variables like lagged export volumes and labor costs, compared to Akhtar and Hilton (1984) and employed a multivariate GARCH proxy for volatility. Using data from 1973-1990, they reported a significant negative impact on exports of the USA and the UK, whereas positive influences were found with respect to France and Germany.  Second, in terms of bilateral trade data, results are slightly more mixed, reporting positive, negative and indeterminate outcomes. In this respect, Cushman (1983, 1986) studied export volumes as a function of, among others, home and foreign unit cost of production, nominal GDP, the real exchange rate and uncertainty for the USA and Germany over the period 1965-1977. Crucial to his model specification is the inclusion of third-country effects. The results indicated both positive and negative effects of exchange rate risk on export volumes (3/16 positive cases, 7/16 negative cases), though, more importantly showed that third-country effects need to be included, in order to capture indirect as well as direct risk. Third, the researchers review studies using sector-specific data. Rapp and Reddy (2000) analyzed eight US sectors, selected on the basis of 1-digit SITC codes, over a period of 20 years from 1975-1995. Results turned out to be rather mixed, particularly due to product-specific characteristics. Overall, given an analysis of lots of empirical and theoretical studies focusing on the link between exchange rate volatility and trade flows, Bahmani-Oskooee and Hegerty (2007) conclude that impact of increased exchange rate risk is largely indeterminate.
A more recent study on the sensitivity of the volume and volatility of trade flows to exchange rate uncertainty has been conducted by Baum and Caglayan (2010), inspired by the theoretical propositions of Barkoulas et al. (2002), predicting a clear and significant relationship. In their paper, Baum and Caglayan, using monthly bilateral trade data for 13 OECD countries for the period 1980-1988, report two types of findings. First, they show that the effect of exchange rate uncertainty on trade volumes is unclear, resulting from mixed outcomes. Second, they find significant evidence for the fact that exchange rate risk influences the volatility of trade flows, yielding a median percentage impact of 5.75%.
2.2 The Invoice Currency Decision
Trading goods internationally confronts exporters with the question in which currency prices should be set. In essence, they have three opportunities: first, goods can be invoiced in the exporter’s own currency; second, goods can be invoiced in the currency of the destination country; and third, it is possible to use a ‘vehicle’ currency, being a currency which is not used in either one of the countries involved in the trade transaction. Nowadays, lots of the international trade transactions are denoted in U.S. Dollar terms, even in situations the United States of America is not involved. Studying the invoicing decision is of crucial importance, since it highly determines the way economic shocks work through across countries, due to affecting the degree to which exchange rate changes influence international relative prices. 
A recent study by Goldberg and Tille (2008) into detail examined the invoicing decisions, particularly the pattern and the determinants of invoicing. Using a simple theoretical model focusing on a multi-currency world and a novel dataset consisting of 24 countries, covering the biggest players in international trade, e.g. Northern America, Europe, (South-) East Asia, and Australia, they have been able to identify the main driving forces behind invoicing decisions. The researchers have shown the industry characteristics, the volatility in macroeconomic variables, the size of an exporter’s country relative to its destination market, and transactions costs in foreign exchange markets to be important determinants in the invoicing decision. They have found strong evidence for the fact that homogeneous goods are more likely to be denoted in a vehicle currency, which currently is likely to be the U.S. Dollar. Country size turned out to be relevant in the sense that exports from small nations are more likely to be expressed in the currency of the larger, foreign country. The idea that invoicing decisions are used to hedge macro-economic risks or minimize transactions costs has only received marginal support, and hence, has turned out to be of minor importance. The researchers concluded that a clear coalescing effect is visible, with exporters trying to minimize the movements of their prices relative to their (foreign) competitors. This coalescing effect is more strongly present in industries with highly substitutable goods. In such situations, exchange rate movements have a strong influence on relative prices, and hence, the competitive position of exporters. Adverse exchange rate shocks may have a detrimental effect on a company’s revenues and profits.    

2.3 Exchange Rate Pass-Through
Apart from the literature on the relationship between exchange rates and trade flows, researches also pay considerable attention to the question of how do exchange rate fluctuations influence goods prices. This field of research is particularly inspired by the notion that import prices generally change relatively less compared to the exchange rate, a phenomenon known as incomplete exchange rate pass-through (ERPT). This raises questions on the organization and competitiveness of markets. A market is said to be segmented if transactions between market participants are heavily influenced by location, resulting in different prices including a profit margin charged to different customers for the same product. In case location is of no impact on transactions, the market is referred to as integrated, implying prices to be equal to marginal costs, which is likely to represent markets that are perfectly competitive. Given the existence of incomplete ERPT, it is worth studying the nature of competition in world product markets and quantifying the degree of market power. 
A good reference point for all the literature written on this topic is the paper by Goldberg and Knetter (1997). The researchers, in essence, make a distinction between three types of literature. The first one focuses mainly on the Law of One Price (LOP), which is said to hold in case two identical products are sold at a similar price when expressed in the same currency. In absolute terms, the Law of One Price is based on strong assumptions relating to costless transportation, homogeneity of goods, and profit maximization. The real world, though, is not characterized by these assumptions, giving rise to a relative version of the Law of One Price, referring to a stable price differential between homogenous goods sold in different countries. In case the Law of One Price holds for all products between two countries, it is referred to as Purchasing Power Parity (PPP). Again, a distinction may be made between an absolute and a relative version. Lots of studies, e.g. Isard (1977), Giovanni (1988), and Froot et al. (1995) have not been able to find any significant evidence in favor of the Law of One Price, indicating a systematic relationship between prices and exchange rate fluctuations. In essence, the major weakness of all studies with respect to the Law of One Price is the inability to compare and study two identical homogenous goods, given the fact that products may be produced and sold in different countries. 

The second type of literature is focused on exchange rate pass-through (ERPT), mainly driven by the interest in the effects of changes in currency values on balance of payments, e.g. external equilibrium, and domestic inflation, e.g. internal equilibrium. Central to this type of research is the question of whether a proportional adjustment of import prices is observed in case of exchange rate changes. Complete ERPT, indicating a one-for-one adjustment of import prices, expressed in local currencies, to exchange rates, relies upon two crucial conditions: first, constant markups of prices over costs; and second, constant marginal costs. In this situation, the elasticity of demand for both imports and exports determines the adjustment of balance of payments to exchange rate changes. Under the Marshall-Lerner condition, characterized by the sum of the import and export demand elasticities being greater than one (hence, εm + εx > 1), trade balances behave in accordance with complete ERPT: a devaluation improves a country’s balance of payments. One of the earliest studying ERPT is the one by Kreinin (1977). He only reported an adjustment of import prices to exchange rate changes of 50% in the US. Later research, particularly during the 1980s, reported a pass-through of 60%. In general, it is assumed that economic size and the nature of competition are of crucial importance in explaining the less than complete transmission of exchange rate shocks. Situations of market power allow firms to charge prices including some markup. Partly, this markup is used to capture and minimize the impact of exchange rate changes on the profitability of the firm. 
Finally, the third strand of research is concerned with pricing-to-market (PTM), referring to price discrimination in an international setting due to exchange rate changes and, consequently, differences in markup adjustments (Krugman, 1987). In essence, exporting firms charge prices to various destinations consisting of common marginal costs and, more importantly, a destination-specific markup. This final component may be an indication of market segmentation and the existence of market power. Empirical research on PTM is relatively robust across all studies. Martson (1990), analyzing 17 Japanese industries in the period 1980-1987, found significant evidence of PTM in 15 of the studied sectors. Gagnon and Knetter (1995) showed that Japanese car exporters capture roughly two-thirds of the influence of changed exchange rates on the customer’s prices by means of adjusting markups, rather than common marginal costs, which would correct prices charged to all, world-wide customers.

2.4 Hysteresis in Trade
Based on the research on the link between exchange rate changes and trade flows, researches have also been paying attention to the influence of exchange rate risk on the export supply decision of the firm, and hence aggregate trade flows. Firms, in terms of participating on the export market, need to make two decisions: first, regarding entry, second, regarding exit of the export market. This decision is the focus of the hysteresis hypothesis. Campa (2004) into detail tested this hypothesis by assessing the responsiveness of a country’s export supply to movements in exchange rates and attributing the changes in trade flows to the decision of firms on the optimal level of export, e.g. the intensive margin, and the number of firms active on the export market based on entry and exit decisions, e.g. the extensive margin. Campa studied a sample of 2188 Spanish manufacturing firms over the period 1990-1997. The results indicated that changes in trade flows following a movement in exchange rates were mainly due to adjustments of optimal export levels by existing firms rather than through the entry and exit process within the export market. In fact, Campa reported sunk costs to be of extreme importance with respect to the export participation decision of firms, suggesting the existence of hysteresis. Though, no significant evidence has been found suggesting this decision to be related to exchange rate volatility. It is reported that a 10% depreciation of the Spanish currency only increases trade volumes attributable to new entrants on the market by 1.4%.

Given the outcomes of Campa, it is interesting to look into more detail at importance and characteristics of sunk costs influencing a firm’s decisions to enter or exit the exporting market. In general, sunk exporting costs are supposed to be the result of asymmetric and imperfect information, giving rise to both formal and informal barriers. Due to the hidden character of these barriers, many researchers have pointed at exporting sunk cost being an explanation of the missing trade anomaly (Trefler, 1995). Vicente Blanes-Cristóbal et al. (2008) study a balanced panel of 756 Spanish manufacturing firms based on results from the Encuesta sobre Estrategias Empresariales (ESEE). It is reported that entrance costs are higher in developed markets compared to those in developing nations; that previous experience in terms of exporting activities influences the likelihood of participating in cross-border trade, especially with respect to EU and OECD markets. For less developed markets, this interaction between prior experience and the decisions to enter the exporting market is less obvious.   

3. The Model
To study whether a relationship exists between exchange rate fluctuations and product quality, this chapter will introduce a theoretical model, representative of an export game between two countries, developed by Moraga-González and Viaene (2004). Originally, this model has been created for the purpose of studying anti-dumping policies and its consequences in developing countries. In this way, conclusions could be drawn on whether such legislation influences trade flows, and, more importantly, can lead to quality reversals. For the purpose of this research paper, however, a slightly adjusted version will be used, only considering the situation of free trade. 
3.1 Consumers

The model is based on the existence of two countries, domestic and foreign, with each country only having one firm producing goods, and thereby serving both their own market and the export market. The foreign market, to distinguish from the domestic market, is denoted by an asterix “*”. The domestic market is assumed to be a developing economy; the foreign market is illustrative of a developed economy.

It is assumed that the domestic population amounts to a measure 1, whereas the foreign customer base equals m*, with m*≥1. Consumers buy at most 1 unit, based on which they are subject to the following quasi-linear utility function:
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In this utility function, the parameter θ is representative of the customer’s quality taste. For the domestic consumers, θ is uniformly distributed over the interval [0,  ]; for the foreign consumers, θ is uniformly distributed over the interval [0, λ*  ], with λ* > 1. In both cases, the quality taste parameter is positive, hence θ > 0. λ* is a measure of income differences between the two countries. Given the fact that λ* > 1, it is straightforward to see that the foreign country is subject to a higher income level, and hence is relatively more developed. The domestic country, on the other hand, is characterized by a lower income level and a less developed economy. 
3.2 Firms

The model is based on a “two countries, two firms”-setup. The firms sell goods that are vertically differentiated, characterized by either of two quality levels, respectively high-quality qh and low-quality ql, with qh ≥ ql. The product quality that is produced by the domestic firm is denoted by qh and ql; the product quality that is produced by the foreign firm is denoted by qh* and ql*. 
For the production of goods characterized by a certain quality level, firms are mainly exposed to fixed costs. The costs of quality involve a negligible increase in unit variable costs, implying marginal costs being normalized to zero, and hence, these are not considered in the model. The domestic firm is confronted with the cost function C(qh, ql) = c max { qh, ql }2/2; the foreign firm is confronted with the cost function C(qh*, ql*) = c* max { qh*, ql*}2/2. To compare both costs structures of producing quality on an equal basis, it is necessary to express them in similar currencies. Introducing the forward exchange rate e, being the price of foreign currency expressed in domestic currency, makes this equal comparison possible. It is assumed that c > ec*, again indicating the foreign firm is more efficient, and hence the foreign country is better developed. This yields a situation in which the domestic firm produces goods of lower quality, both domestically and in the foreign market. The foreign firm, though, produces goods of a higher quality in both the domestic and foreign market. Hence, this implies qh* > ql.
3.3 Market Demand
[image: image5.wmf]()

(.)(1)

hl

hl

pp

h

qq

Dm

lq

**

**

-

**

-

=-

[image: image6.wmf]2

2

c

lllll

pDepDq

p

**

=+-

[image: image7.wmf]2

2

h

p

c

hhhh

e

pDDq

p

*

****

=+-

[image: image8.wmf]()2()

(4)(4)

,

lhlhhl

hlhl

qqqqqq

lh

qqqq

pp

qlq

****

**

--

--

==

[image: image9.wmf]()2()

(4)(4)

,

lhlhhl

hlhl

qqqqqq

lh

qqqq

pp

lqq

****

**

--

**

--

==

[image: image10.wmf]2

2

(47)

4(432)

c

ec

mm

mm

*

-

-+

=

[image: image11.wmf]4141

,

m

ll

DD

mm

mm

*

*

--

==

[image: image12.wmf]22

4141

,

m

hh

DD

mm

mm

*

*

--

==

[image: image13.wmf](1)(1)2

4141

,

mm

llhh

DDDD

mm

mm

**

++

**

--

+=+=

[image: image14.wmf](1)2(1)

(41)(41)

,

lh

qq

lh

pp

qmlqm

mm

**

--

--

==

[image: image15.wmf](1)2(1)

(41)(41)

,

lh

qq

lh

pp

lqmqm

mm

**

--

**

--

==

Based on the assumptions regarding consumer and firm behavior, it is possible to determine the country-specific demand functions. As already stated before, it is of crucial importance to acknowledge the fact that for the domestic consumers, the quality taste parameter, θ, is uniformly distributed over the interval [0,   ], whereas for the foreign consumers, θ is uniformly distributed over the interval [0, λ*    ], with λ* > 1 In the domestic country, low-quality goods are sold at pl; high-quality goods at ph, with ph ≥ pl. Suppose, a consumer, characterized by the quality taste parameter  , is indifferent between buying high and low quality. Given the quasi-linear utility function, it can be shown that     = (ph – pl) / (qh – ql). Similarly, for a consumer, characterized by the quality taste parameter   , who is indifferent between buying low-quality or nothing at all, it can be shown that  = pl / ql. Based on these indifferent considerations, it straightforward to see that high-quality goods are demanded by those consumers having a quality preference within the interval     ≤ θ ≤    , and that low-quality products are demanded by consumers such that    ≤ θ ≤   . For consumers being characterized by a quality taste parameter such that 0 ≤ θ ≤    , no consumption is recorded. Domestic demand for low- and high-quality goods is then equal to:
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(3.2) 
The demand for low-quality products is supplied by the domestic firm, whereas the demand for high quality goods is met by imports from the foreign firm. 

Similarly, given the fact that ph* ≥ pl*, foreign demand for low- and high-quality goods is as follows: 
[image: image17.wmf]1

2

3

4()

(432)

(41)

e

m

h

c

q

ql

mmm

m

**

*

+

-+

*

-

=



(3.3) 
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(3.4) 
In this case, the foreign firm fulfills the demand for high-quality goods, whereas low-quality demand is met via imported goods from the domestic firm.
3.4 2-Stage Export Game

The model developed by Moraga-González and Viaene (2004) follows a three stage export game, based on which the impact of anti-dumping policies on trade flows and quality selection can be analyzed. For the purpose of studying the relationship between exchange rate fluctuations and product quality, though, a slightly adjusted version of this export game can be adopted, taking into account only the first two stages of the model. The first part specifies the quality selection process of firms; the second part determines the corresponding prices of sold products. The game is solved by means of backward induction. 
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To calculate product prices, hence being the second stage of the game, assuming exchange rates and goods qualities to be given, the starting point is the determination of company profit functions. Based on the fact that the domestic firm supplies low-quality goods to both domestic and foreign consumers, the profit function of the domestic firm, expressed in domestic currency, can be written as follows:
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For the foreign firm, a profit function can be determined in a similar fashion. This yields:
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Firms set their prices such that profits are maximized. For the domestic country, after taking the first order conditions, this yields the following stage 2 equilibrium prices:


(3.7) 
[image: image22.wmf]%

q

Regarding foreign prices, we only have to take into account income differences, represented by λ*. Prices in the foreign country are then:


(3.8) 
The first part of the export game is concerned with the determination of selected quality levels. This can again be done on the basis of the earlier determined profit functions, though now taking into account the calculated prices of high- and low-quality products in both the domestic and foreign country. As already indicated with respect to market demand functions, it is shown that the domestic firm chooses the produce the low-quality goods, and the foreign firm the high-quality goods. The quality difference, hereafter referred to as the quality gap, between the foreign, higher-quality products and domestic, lower-quality products can be denoted by a ratio, μ = qh*/ ql. This quality gap gives the following solution:
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3.5 Free Trade Market Equilibrium
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Based on all the assumptions made before and the definition of the quality gap, the complete free trade market equilibrium can be derived with respect to μ:
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4. Model Simulations
To understand the functioning of the export game model described in chapter 3, both numerical and graphical simulations will be made. These simulations, performed with the help of the mathematical software program Maple 13 (MapleSoft), provide an indicative answer to the studied relationship between exchange rate fluctuations and the quality of goods produced. Using the free trade market equilibrium conditions derived in the final part of the previous chapter, we are in the position to study the influence of exchange rate changes on demand, quality standards, and prices from a theoretical point of view. This serves as a clear theoretical framework based on which various hypotheses can be formulated, being studied in the empirical part. 

4.1 The Quality Gap

Crucial to understanding the theoretical model described in chapter 3 is the quality gap (μ). All equalities and functions described in the final section of chapter 3, representing the market equilibrium outcomes, depend on the quality gap. The quality gap, as illustrated in 3.9, depends on three important variables:

· The exchange rate (e)

· The costs of production of the domestic firm (c)

· The costs of production of the foreign firm (c*)

To be able to understand the functioning and the responsiveness of the model in terms demand levels and price levels, it is of importance to simulate the development of the quality gap in response to changes of the variables it depends on. Since it is assumed that the domestic firm is confronted with higher cost of production relative to the foreign firm, hence c> ec*, the relevant interval to consider is concerned with all values greater than 1. Figure 4.1 shows the development of the quality gap over the interval 1 to 5. 


As shown in the figure, the quality gap is an increasing function of the fraction of the production costs of the domestic firm, the exchange rate, and the production costs of the foreign form. In case the production costs, expressed in a similar currency, are equal to each other, the quality gap is equal to 5.25. Since it is assumed that the domestic firm is confronted with higher cost of production relative to the foreign firm, hence c> ec*, it can be stated that the quality gap is always greater than 5.25. In case the domestic firm is confronted with higher production cost, and hence c increases, the figure shows that the quality gap is rising. If, on the other hand, the exchange rate or the production costs of the foreign firm become higher, and hence e and/or c* rise, the fraction c/ ec* decreases, getting closer to a value of 1, which logically reduces the quality gap between products produced in the domestic and the foreign country. These observations are in line with economic and intuitive reasoning. Higher (lower) costs of producing quality will result in a lower (higher) quality of goods produced. A higher exchange rate, expressed as the domestic currency/foreign currency-exchange rate, is indicative of a depreciation of the domestic currency. This gives the domestic firm a relative cost advantage over the foreign country, logically giving the domestic firm the ability to increase its quality standards, whereas the foreign firm will lower the quality of the goods it produces. Hence, the quality gap decreases. 
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Figure 4.1: Development of the Quality Gap

4.2 Scenario Analysis
Before considering the responsiveness of demand levels, prices, and quality standards to exchange rate changes, it is important to understand the way the model equilibrium outcomes react to changes in various control variables, in particular firm-specific production costs (c for the domestic firm, c* for the foreign firm), population size (m*), income levels (λ*). The baseline assumptions, which serve as the fundament underlying this scenario analysis and which will also be used as the reference point in the subsequent graphical analysis, are as follows:

· Production costs domestic firm (c): 2

· Production cost foreign firm (c*): 1

· Domestic customer base (m*): 1.5
· Domestic income level relative to foreign income level (λ*): 1.5
· Quality taste parameter (θ): 1
· Exchange rate (e): 1

The numbers as such are not informative; they are only indicative of relative differences, rather than absolute discrepancies. 

Under the baseline assumptions, as expected, the quality standards produced in the domestic country is lower compared to the quality level in the foreign country. Consequently, also being the result of the difference in income levels, prices of both low and high quality goods are lower in the domestic country relative to the prices in the foreign country. Changes in the various control variables have considerable effects on these model outcomes. Table 4.1 gives a clear and comprehensive overview of the model outcomes for the various scenarios considered.

	
	Baseline Assumptions
	c = 3
	c* = 1.5
	m* = 2.25
	λ* = 2.25
	e = 1.5

	μ
	9.142
	13.098
	6.534
	9.142
	9.142
	6.534

	Dh
	0.257
	0.255
	0.260
	0.257
	0.257
	0.260

	Dh
	0.514
	0.510
	0.520
	0.514
	0.514
	0.520

	Dl*
	0.386
	0.382
	0.390
	0.578
	0.386
	0.390

	Dh*
	0.771
	0.765
	0.780
	1.157
	0.771
	0.780

	Ql
	0.089
	0.062
	0.084
	0.120
	0.120
	0.113

	Qh*
	0.816
	0.814
	0.546
	1.098
	1.098
	0.735

	Pl
	0.020
	0.015
	0.018
	0.027
	0.027
	0.025

	Ph
	0.560
	0.575
	0.361
	0.754
	1.131
	0.486

	Pl*
	0.031
	0.022
	0.028
	0.041
	0.062
	0.037

	Ph*
	0.840
	0.863
	0.541
	1.131
	2.545
	0.728



Baseline Assumptions: c = 2, c* = 1, m* = 1.5, λ* = 1.5, θ = 1, e = 1

Table 4.1: Scenario Analysis Market Equilibrium Outcomes 2-Stage Export Model 

1. Production Costs Domestic Firm (c)

In case it becomes more expensive for the domestic firm to produce quality, e.g. production costs (c) rise from 2 to 3, being equal to an increase of costs of 50%, the quality standard produced by the domestic firm decreases. The quality produced by the foreign firm stays approximately the same. Logically, the quality gap increases. This change in product characteristics results in a lower price charged by the domestic firm in both the domestic and the foreign market. The foreign firm, still producing higher quality products, charges a slightly higher price in both markets. Demand levels in both the domestic country and the foreign country turn out to be slightly lower, primarily being the result of a customer-specific aversion of lower quality and higher prices.

2. Production Costs Foreign Firm (c*)

The just described situation is exactly reversed in case production costs of the foreign firm (c*) increase by 50%, e.g. production costs rise from 1 to 1.5, making it more expensive for the foreign firm to fabricate highly qualitative products. This logically results in a lower quality gap relative to the base case. Foreign firms, namely, significantly decrease the quality standards of their products. Domestic firms do not change the quality levels substantially. Demand levels in both the domestic country and the foreign country do not change significantly. Prices, though, seem to fall for both products, both in the domestic and the foreign market. 
3. Population Size (m*)

In case the population in the foreign country grows faster compared the domestic country, and hence the relative population measure representative for the foreign country (m*) is equal to 2.25 instead of 1.5, being equal to an increase of 50%, various market equilibrium outcomes change. Given the fact that the foreign market becomes relatively more important compared to the base case due to increased sales and profit potential, the foreign firm starts to produce more products of a higher quality. The domestic firm also slightly increases its quality standards. Demand in the domestic country does not change for both low and high quality products. Regarding the foreign market, though, demand levels increase substantially. Based on the consumers’ desire to buy more products of a higher quality and the fact that producing higher quality is costly, it is intuitively logical that prices for high quality goods increase considerably in both the domestic and the foreign market. Prices of low quality goods change less dramatically. 

4. Income (λ*)

To study the influence of income differences on the market equilibrium outcomes, the measure of relative income differences (λ*) is changed from 1.5 to 2.25. This is an indication of increased income in the foreign country and a widened income gap between the domestic and the foreign country. In numeric terms, the income gap between the two countries has increased by in total 50% compared to the base case. Due to the situation of the foreign consumers being able to spend relatively more money, it is in particular the foreign firm that increases its quality standards of production. This is logical given the fact that consumers have a higher preference for higher quality goods combined with the notion of a greater budget available to foreign citizens for spending. The foreign firm acknowledges this sales potential, and hence produces goods of a higher quality. The domestic firm increases its quality standards as well, though, much less dramatically. Producing higher quality, logically, is related to higher costs of production. This situation, consequently, leads to a substantially higher price for high quality goods, both in the domestic and the foreign market. The domestic firm also charges a much higher price for its products, particularly in the foreign market. Looking at the market demand for low and high quality goods, it must be concluded that changing income differences do not affect consumption amounts.  

5. Exchange rate (e)
The exchange rate is the most important factor to be studied to analyze the relationship between exchange rate fluctuations and the quality of traded goods. In this numeric simulation, a scenario of an increased exchange rate (e) is studied, e.g. the exchange rate rises from 1 to 1.5. This is equal to a depreciation of the domestic currency. Given the fact that this gives the domestic firm a relative cost advantage over the foreign firms in terms of production, it is shown that the domestic firm increases the quality standards of its products, whereas the foreign firm reduces the quality of its produced goods. This, consequently, lowers the quality gap between the domestic and the foreign country. This change in product-specific quality standards has only marginal effects on the demand levels in both countries. Both the domestic and the foreign country experience a very small increase in the demand for high and low quality goods. Regarding prices, a more severe impact can be detected. The foreign firm, producing a lower level of quality compared to the base case, lowers its prices, whereas the domestic firm increases its prices, being the result of the higher costs of production it is confronted with given the fact that it produces goods at higher quality standards relative to the outcomes simulated under the baseline assumptions. A more detailed analysis of the impact of exchange rate fluctuations on the market equilibrium outcomes will be given in the next section. 

6. Elasticities

To sum up, all above analyzed scenarios may be represented by elasticities. An elasticity is calculated by dividing the percentage change in a target variable by the percentage change in the variable that is altered under the various scenarios. In this respect, it gives a clear indication of the responsiveness of market equilibrium outcomes to changes in crucial model variables. Table 4.2 gives a comprehensive overview of the calculated elasticities.

Since the scenario analysis is conducted such that the changing variable always increases by in total 50%, it is fairly straightforward to calculate elasticities. It can be seen that a 1% increase in the costs producing quality, either for the domestic or for the foreign firm, changes the quality gap considerably, e.g. the quality gap increases by 0.87% following an increase in production costs for the domestic firm, and the quality gap decreases by 0.57% following an increase in production costs for the foreign firm. Focusing on changes in relative population differences and income differences, particularly quality standards and prices are influenced. A 1% increase in the relative population difference increases prices of both low and high quality products in all markets by 0.69%. A 1% increase in the relative income difference increases quality standards of both low and high quality products by 0.69%.
Finally, a 1% increase in the exchange rate influences all variables, e.g. the quality gap decreases by 0.57%, demand levels in both countries increase by 0.02%, the quality level of the domestic firm rises by 0.52%, the quality level of the foreign firm falls by 0.20%, prices of low quality goods increase by 0.43% in both the domestic and the foreign market, and prices of high quality goods decrease by 0.27% in both the domestic and the foreign market.
	
	Baseline Assumptions
	c = 3
	c* = 1.5
	m* = 2.25
	λ* = 2.25
	e = 1.5

	μ
	9.1416
	0.87
	-0.57
	0
	0
	-0.57

	Dh
	0.25702
	-0.02
	0.02
	0
	0
	0.02

	Dh
	0.51404
	-0.02
	0.02
	0
	0
	0.02

	Dl*
	0.38553
	-0.02
	0.02
	1.00
	0
	0.02

	Dh*
	0.77106
	-0.02
	0.02
	1.00
	0
	0.02

	Ql
	0.089240
	-0.61
	-0.13
	0.69
	0.69
	0.52

	Qh*
	0.81580
	0.00
	-0.66
	2.86
	0.69
	-0.20

	Pl
	0.020428
	-0.57
	-0.20
	0.69
	0.69
	0.43

	Ph
	0.56024
	0.05
	-0.71
	0.69
	2.04
	-0.27

	Pl*
	0.030642
	-0.57
	-0.20
	0.69
	2.04
	0.43

	Ph*
	0.84035
	0.05
	-0.71
	0.69
	4.06
	-0.27



Baseline Assumptions: c = 2, c* = 1, m* = 1.5, λ* = 1.5, θ = 1, e = 1

Table 4.2: Elasticities Scenario Analysis Market Equilibrium Outcomes 

Carefully analyzing the elasticities being the result of the scenario analysis shows that imports, exports, and prices are relatively inelastic to changes in the exchange rate. Elasticities, as can be seen from Table 4.2, vary in between -0.50 and 0.50, which is relatively low, indicating that demand levels and prices do not respond proportionally to exchange rate changes. This observation is clearly compatible with and a reflection of reality, and hence is indicative of the accurate explanatory power of the theoretic export game model. Looking, for example, at trade data for the United States of America, one must conclude that the U.S Dollar has been subject to a significant continuous depreciation since the mid-1980s. It is, though, also clear that United States of America have had a persistent and growing trade deficit, e.g. a negative balance of payments, with a trade deficit of $19 million in 1980 and a deficit of $500 million in 2010 (U.S. Census Bureau, 2011). This seemingly puzzling outcome is primarily to be explained by means of the incomplete exchange rate pass through phenomena, which has been described in chapter 2, section 2.3.

4.3 Market Equilibrium and Exchange Rate Changes

The scenario analysis performed in the previous sections shows the way the market equilibrium outcomes react with respect to changes in cost figures, relative population size, relative income differences, and quality taste parameters. The influence of the exchange rate, though, has not yet been considered in a sophisticated fashion. This section will focus on the responsiveness of quality standards, demand levels, and prices to exchange rate changes, serving as a basis for the empirical study on the relationship between exchange rate fluctuations and product quality. To do this, the baseline assumptions introduced in the previous section are used, though keeping in mind the notion that the exchange rate may fluctuate. Since it is crucial to make sure that the domestic firm is confronted with higher cost of production relative to the foreign firm, hence c> ec*, the relevant interval to consider is in between 0.5 and 2.
1. Quality Standards

[image: image32.wmf]q
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The domestic and the foreign firm react differently in terms of their quality standards to changes in the exchange rate. Figures 4.2 and 4.3 illustrate the development of adopted quality standards by both firms. In case the exchange rate rises (falls), hence the domestic currency is subject to a(n) depreciation (appreciation) relative to the foreign currency, the domestic firms adopts a higher (lower) quality level, whereas the foreign firm lowers (increases) the quality standards of its products. A depreciation of the domestic currency gives the domestic firm a cosmetic cost advantage by lowering its relative costs of producing quality. This allows the domestic firm to increase its quality standards. For the foreign firm, the situation is exactly the other way around, being confronted with relatively higher costs of producing quality, logically giving rise to lower quality standards. Looking at the overall picture, figures 4.2 and 4.3 show that the foreign firm continuously produces goods of a higher quality level.
Figure 4.2: Quality Development Domestic Firm
      
Figure 4.3: Quality Development Foreign Firm

Studying the adjustment of quality levels relative to changes in the exchange rate, however, require some caution. Namely, it is costly and time-consuming for firms to change quality standards, and hence production processes, instantaneously in response to exchange rate fluctuations. Therefore, it is to be expected that firms will only adjust the quality of the products they produce in case the change in the exchange rate is of a more long-term nature. 
2. Prices

Regarding prices in both the domestic and the foreign, similar patterns are detected as revealed by the development of quality standards. Prices of low quality products tend to rise (fall) in response to an increase (decrease) of the exchange rate. The opposite pattern is found for high quality products; in case the exchange rate increases (decreases), the prices of high quality products in both the domestic and the foreign market tend to fall (rise). Figures 4.4 till 4.7 graphically illustrate the development of prices in response to changes in exchange rate levels for both markets.
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Regarding the domestic market, a depreciation of the domestic currency gives the domestic firm the ability to produce goods of a higher quality, and hence charge higher prices. The foreign firm, though, is confronted with a deteriorated competitive position ceteris paribus, since domestic consumers have to pay a relatively higher price for high quality products. However, taking into account the crucial fact that the foreign firm lowers the quality level of its goods in response to a depreciation of the domestic currency, it must be concluded that, on a net basis, prices of high quality products fall in the domestic market.


Figure 4.4: Price Development Low 
      

Figure 4.5: Price Development High
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Regarding the foreign market, similar patterns are revealed. An appreciation of the foreign currency forces the foreign firm to lower its quality standards, and hence to charge a lower price. The domestic firm, though, increases its prices of low quality products in the foreign market, which is the result of the better quality of the products it produces. This adjustment of quality levels overweighs the effect of the appreciation of the foreign currency.

Figure 4.6: Price Development Low 

      
      Figure 4.7: Price Development High

Quality Products Foreign Market


                  Quality Products Foreign Market

3. Demand
Based on the quality of goods and the prices at which they are sold, consumers in both the domestic and foreign market demand a certain amount of products. Figures 4.8 and 4.9 illustrate the way demand for low quality products and high quality products in the two markets studied reacts to changes in the exchange rate. 
It can be seen that the demand for both low and high quality products is relatively inelastic to changes in the exchange rate. A rise (drop) in the exchange rate, and hence a(n) depreciation (appreciation) of the domestic currency, leads to an increase (decrease) in the demand for both products. Carefully analyzing the demand developments indicates that the demand for high quality goods increases slightly more than the demand for low quality goods. The total demand reaction, though, is relatively small compared to the change in the exchange rate.
The demand reaction can be explained by comparing and balancing the effects of exchange rate changes on the quality and prices of products:

· The demand for low quality products increases because the quality improvement overweighs the price increase. Since consumers have a preference for higher quality goods, demand increases.
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The demand for high quality products increases because the price decrease overweighs the negative quality adjustment increase. Consumers, in this case, demand more products since, on a net basis, they are in the position to buy lower quality goods at a relatively much cheaper price.

[image: image39.wmf]()

(.)(1)

hl

hl

pp

h

qq

Dm

lq

**

**

-

**

-

=-

Figure 4.8: Demand Domestic Market


   Figure 4.9: Demand Foreign Market
A more detailed analysis of the predicted demand schedules and the balancing effects of quality and price adjustments following exchange rate changes may be conducted by means of studying the development of first order derivatives. Figures 4.10 till 4.13 graphically illustrate the simulated patterns for low and high quality goods in both the domestic and foreign market.

Figures 4.10 and 4.12 focus on low quality products in the domestic and foreign market. It can clearly be seen that both quality standards and prices react positively to an increase in exchange rate, and hence a deprecation of the domestic currency, however, at a decreasing rate. Additionally, both graphs indicate the overweighing effect of quality adjustment relative to price adjustments, which supports the conclusion that consumers in both markets are relatively better off by being able to buy products of a slightly higher quality at a relatively cheap price. This is why demand levels for low quality products in both the domestic and foreign market increase in response to an increase in the exchange rate. 
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[image: image41.wmf]Figures 4.11 and 4.13 focus on high quality products in the domestic and foreign market. It can clearly be seen that both quality standards and prices react negatively to an increase in exchange rate, and hence a deprecation of the domestic currency. Carefully analyzing both graphs indicate that prices of high quality goods fall more considerable compared to quality standards. This, again, provides customer in both counties with a net gain, logically yielding a slightly increased demand for high quality products in response to an increase in the exchange rate. 

Figure 4.10 First Order Derivatives Low Quality

Figure 4.11 First Order Derivatives High Quality and Prices Domestic Market 
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Figure 4.12 First Order Derivatives Low Quality

Figure 4.11 First Order Derivatives High Quality and Prices Foreign Market 



and Prices Foreign Market
4.4 Overview of the Theoretical Results
Based on the scenario and graphical analysis of the model, various important conclusions may be drawn, serving as a basis of the empirical study, presented in the next chapter. The results obtained in this chapter may be seen as the theoretic fundament for the formulation of hypotheses, which are to be tested using export and import data.
· The quality gap widens in response to increases in the production costs of the domestic firm, the relative difference in population sizes, and the relative difference in income levels; it closes in response to falling production costs of the foreign firms and rising exchange rates.
· Demand for low quality goods is positively related to changes in production costs of the foreign firm and the exchange rate, and negatively related to production costs of the domestic firm. Demand for high quality goods is positively related to these factors due to a continuous consumer preference for high quality products. Population and income measures are of no importance.

· Prices for low quality products are positively related to changes in relative population differences, income differences, and the exchange rate. High quality prices are positively related to production costs of the domestic firm, income differences, and population differences. 
· Exports, imports and prices tend to respond only marginally to changes in the exchange rate, as can be concluded from the calculated elasticities. This is compatible with reality, as can be seen by focusing on the persistent trade deficit of the United States of America, while the U.S Dollar has significantly depreciated over the past two to three decades. 
5. Empirical Study

The model described and simulated in chapters 3 and 4 has analyzed the relationship between exchange rate fluctuations and product quality from a theoretical perspective. It has provided us with a clear theoretical framework based on which expectations and hypotheses regarding the influence of exchange rate regimes on product quality can and should be empirically tested. This chapter will present empirical results, obtained via the statistical software package EVIEWS 7, on the studied relationship by means of regressing the (natural logarithm of the) quality gap on the exchange rate development, and various control variables, including the exchange rate volatility, the GDP gap and the inflation gap. Since quality adjustment is a time-consuming and structural process, the lagged level of the quality gap is also included. 
5.1 Background
To empirically test whether the theoretically predicted relationship between exchange rate fluctuations and product quality holds in the real world, a statistical model may be build in accordance with the theoretical model outlined in chapters 3 and 4. This statistical model is based on trade patterns illustrative for exchanges in manufactured goods between two dominant countries in international trade, namely the United States of America, being representative of the foreign, developed country, and China, being representative of the domestic, developing country. The data, which will be discussed into detail in section 5.3, has been obtained for a period of 13 years, from 1989 until 2001, which is sufficient to obtain generalizable results.  
The United States of America and China are two world-leading nations, especially in terms of economic importance and their dominance in world-wide trade flows. China has grown rapidly (e.g. growth rates of 15%-20% per year) over a period of less than fifty years, primarily being driven by its huge and hard-working labor force. Currently, China is the second largest economy in the world. In terms of monetary policy, the Chinese currency (¥) has always been fixed to the U.S. Dollar, with the Chinese authorities following either a complete fixed exchange rate regime or a managed floating exchange rate regime. The period being studied may be divided into two sub-periods. In the early 1990s, the exchange rate regime adopted a more market-oriented approach, allowing the Chinese currency to adjust periodically. This has led to various significant exchange rate changes through timely devaluations. From 1995 onwards, though, Chinese authorities adopted a strict managed-floating exchange rate regime, allowing the ¥/$-exchange rate to fluctuate only within a 0.3% band (Ryan, 2006). Potential reasons for this exchange rate regime primarily deal with the establishment of a cosmetic competitive advantage on the international trading market.   
5.2 Hypotheses
Based on the model described in chapter 3 and simulated in chapter 4, it is possible to formulate a central hypothesis that will be tested by means of statistical data. The model has provided a clear theoretical framework, serving as a basis for studying economic reality. The central null-hypothesis (H0), reflecting the expectations set by the model simulations, is as follows:

1. The quality gap between traded products produced in the United States of America and China declines (increases) with a(n) depreciation (appreciation) of the Chinese Yuan relative to the U.S. Dollar.

The alternative hypothesis (H1) consequently can be framed as follows: 

1. The quality gap between traded products produced in the United States of America and China is not affected by a change in the exchange rate between the Chinese Yuan and the U.S. Dollar.
Apart from this hypothesis, focusing on the central relationship between exchange rate fluctuations and product quality, the empirical model considered incorporates control variables to optimize the explanatory power of the empirical study. In particular, four control variables are included, namely the lagged level of the quality gap, the exchange rate volatility, the GDP gap, and the inflation gap between the United States of America and China. The model simulations give rise to the following null-hypotheses (H0) alternative:

2. The quality gap between traded products produced in the United States of America and China is affected by lagged quality differences between the United States of America and China. Since quality adjustments are of a structural nature, a historic increase (decrease) in the quality gap will positively influence the current difference in quality standards.

3. The quality gap between traded products produced in the United States of America and China is affected by the degree of exchange rate volatility between the Chinese Yuan and the U.S. Dollar. Higher exchange rate volatility reduces a firm’s willingness to adjust quality standards.

4. The quality gap between traded products produced in the United States of America and China declines (increases) with a smaller (larger) income gap between the United States of America and China.

5. The quality gap between traded products produced in the United States of America and China declines (increases) with a positive (negative) inflation difference between the United States of America and China.

The alternative hypotheses (H1) on these variables, then, are as follows:

2. The quality gap between traded products produced in the United States of America and China is not affected by lagged quality differences between the United States of America and China.

3. The quality gap between traded products produced in the United States of America and China is not affected by the degree of exchange rate volatility between the Chinese Yuan and the U.S. Dollar.

4. The quality gap between traded products produced in the United States of America and China is not affected by a change in the income difference between the United States of America and China.

5. The quality gap between traded products produced in the United States of America and China is not affected by a change in the inflation difference between the United States of America and China.

5.3 Data

For the empirical study, data has been collected on five variables. The quality gap is used as the dependent variable; the exchange rate, the exchange rate volatility, the GDP gap, the inflation gap and previous levels of the quality gap, being just a one year lag of the dependent variable, are used as independent variables.
1. Quality Gap

Product quality is difficult to measure objectively given the emotional and subjective components that influence consumers’ perception when evaluating the quality of goods. Still, in case similar products are sold or recorded at different prices, hence yielding overall value discrepancies, it may be assumed that this difference is illustrative for quality asymmetries, hereafter referred to as the quality gap. The database from Feenstra et al. (2002) reports both import and export data regarding manufacturing goods, ranked according the 10-digit Harmonized Trade System (HTS) classification, for the United States of America and the rest of the world over the period 1989-2001, both in terms of quantities and values. Manufacturing goods have HTS codes starting off with the number 8. As already stated, China has been selected as being representative of the domestic, developing country and being a good basis for studying the relationship between exchange rate fluctuations and product quality.

Over the past two decades, the Harmonized Trade System of commodity classification has become the most commonly applied method of measuring disaggregate American imports and exports. Studying import and export data according to the 10-digit Harmonized Trade System (HTS) classification allows an analysis of trade flows at the finest level of aggregation, looking at product quality at a product-specific level. This detailed approach has the advantage of minimizing potential bias in the results due to a discrepancy in product quality studied as a consequence of differences in commodity baskets and aggregation levels.
The values of imports and exports have been measured according to their customs value, reflecting the value that has been recorded by U.S. Customs Service. With respect to import values, the amounts reported represent the prices that have been paid or are still payable for the products, though, excluding U.S. import duties, freight, insurance or any other charges in case of importing goods. With respect to export values, the amounts reported represent the selling prices or costs incurred in case of no definitive sales yet, including inland freight, insurance, and other U.S.-specific export charges. It, however, excludes unconditional discounts and commissions (Feenstra et al., 2002). The International Chamber of Commerce (ICC) defines the value as the Free Alongside Ship (FAS) value (Incoterms, 2010).
For the calculation of the quality gap, it is necessary to convert aggregate import and export values for all products being traded between the United States of America and China into unit values, being achieved by means of dividing total customs values by traded quantities. This reasoning is based on findings by Hallak (2003), who has stated that unit values should be used as the basis for assessing product quality. Differences in unit values of similar products, as illustrated by a similar HTS product-specific code, are then illustrative for quality asymmetries. The quality gap between products produced in the United States of America and China is determined by dividing unit values of exports by unit values of imports. Quality gaps are obtained in absolute values as well as in natural logarithmic values. Regarding absolute values, a quality gap greater than one is illustrative of the quality of U.S. goods being higher, whereas a quality gap less than one indicates the exact opposite situation. However, a major drawback of using absolute values is the fact that calculated quality gaps, and hence the used data points, are subject to unequal weights when used in the regression analysis. Given the fact that the calculated quality gap must always be positive and the fact that values lower than one indicate higher quality standards in China, while values greater than one indicate higher quality standard in the United States of America, it is likely that data points in favor of quality advantages of the States dominate and adversely affect the reliability of the empirical analysis. To overcome this problem and facilitate equal weights to all used data points in the performed regression, the natural logarithm of the quality gap may be seen as a good solution. In case the quality in the United States of America exceeds the quality in China, a positive number is reported. In case the situation is exactly the opposite, such that the quality of goods produced in China is higher than the quality of goods produced in the United States of America, a negative value is reported.  
To obtain a representative basket of products and their accompanying quality gaps, three important restrictions have been imposed, resulting in the exclusion of various products. First of all, only products which are both imported and exported in the same year are included. This is a necessary condition for being able to calculate quality gaps. It is, however, not necessary for the products to be traded in the complete period of interest, being 1989-2001. The model presented in chapter 3, namely, does not make any comments on the disappearance or introduction of goods throughout time. Second, traded goods with a quantity of less than 100 are excluded to prevent measurement errors. Such low traded quantities are highly doubtful and are possibly the result of mistakes. Third, goods with a calculated quality gap lower than 0.05 and higher than 20 are excluded. This has been done for the reason of obtaining a well comparable basket of traded goods. Goods which report quality gaps out of the range determined are quite likely not to be very comparable, and hence are likely to bias the results. Taking into account these three restrictions results in a sample of 864 HTS characterized products and their accompanying quality gaps. This sample has some interesting features. In 1989, 74% of the manufactured goods studied are produced at a higher quality in the United States of America; the remaining 26% is produced at a higher quality by Chinese firms. The average quality difference between the United States of America and China for 1989 is calculated to be 5.42, indicating that products produced in America have a quality that is about 5.4 times as high as products manufactured in China. In 1995, these features are as follows: 82% of the goods are produced at a higher quality in the United States of America; only 18% of goods are characterized by higher quality standards in China. The average quality gap, though, is slightly smaller, being indicative of the fact that the American goods have on average a quality that is 5.10 times as high as the Chinese products. In 2001, this distribution is roughly the same, with 85% of the goods being manufactured at a higher quality level in the United States of America, and only 15% of the goods being of better quality when produced in China. On average, the quality gap is equal to 5.51. An overview of the descriptive statistics regarding the quality gap can be found in the Appendix, Table 8.1.
2. Exchange Rate

Probably the most important independent variable in the model is the exchange rate. The online database of the U.S. Federal Reserve Bank provides a good overview of the development of Dollar exchange rates over the past decades. The exchange rate that is being used in the regression analysis is expressed as Chinese Yuan per U.S. Dollar (¥/$), which is consistent with the way the exchange rate is expressed in the theoretical model outlined and simulated in chapters 3 and 4. This means that an increase (decrease) in the exchange rate indicates a(n) depreciation (appreciation) of the Chinese Yuan and an appreciation (depreciation) of the American Dollar. 
The period for which the exchange rate data has been obtained ranges between 1989 and 2001. Annual exchange rates are calculated as the average daily exchange rates over the year. For 1989, the average ¥/$-exchange rate is equal to ¥3.77 per American Dollar. Analyzing the 1980s into more detail reveals quite a stable level of the ¥/$-exchange rate. This is due to the restrictive exchange rate regime, keeping exchange rate fixed at a particular level. Over the period 1989-1995, the ¥/$-exchange rate increased systemically up to a level of ¥8.37 per American Dollar. This indicates that China has experienced a continuous depreciation of its currency relative to the U.S. Dollar. In essence, at some moments in time, the Chinese Central Bank has decided to devalue its currency, making the U.S. Dollar stronger. From the year 1995 onwards, the exchange rate has remained relatively steady at this particular level, being illustrative for the monetary policy followed by the Chinese Central Bank. In the five years subsequent to 1995, the Chinese Central Bank adopted a fixed exchange rate regime, allowing the ¥/$-exchange rate only to fluctuate within a 0.3% band (Ryan, 2006). Potential reasons for following this low fixed exchange rate regime primarily deal with the establishment of a cosmetic competitive advantage on the international trading market. Figure 5.1 graphically illustrates the development of the ¥/$-exchange rate over the period 1989-2001, clearly showing a significant currency devaluation in 1994, moving the exchange rate from roughly 5.80¥/$ to 8.40¥/$. Additionally, it is shown that the strict managed floating exchange rate regime followed in the period 1995-2001 results in a very stable level of the exchange rate. A description of the exchange rate series can be found in the Appendix, chapter 8.
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Figure 5.1 The ¥/$-exchange rate 1989-2001

Source: Federal Reserve Bank, FED Data Download Program

Note: The figure shows the development of the ¥/$-exchange rate over the period from 1989 to 2001, a period characterized by a managed floating exchange rate regime, with some carefully timed currency devaluations, followed by the Chinese Central Bank. In this respect, the Chinese Central Bank devalued its currency at the start of 1994, from 5.81¥/$ on the 30th of December 1993 to 8.72¥/$ on the 3rd of January 1994. Subsequently, the ¥/$-exchange rate was kept relatively constant at 8.30¥/$.
3. Exchange Rate Volatility
A second important variable included in the model is the exchange rate volatility. In a world of (managed) floating exchange rate regimes, exchange rate volatility is a crucial factor that is highly influencing international trade patterns, prices, and quality standards. As already discussed in chapter 2, lots of research has been conducted on the effect of exchange rate volatility on trade patterns. Bahmani-Oskooee and Hegerty (2007) have shown that essentially inconclusive statements can be made on the relationship between exchange rate volatility and trade flows, since empirical literature have reported both positive and negative results. Still, they acknowledge that a majority of the published literature has reported statistically significant, negative influences of exchange rate volatility on trade flows.
High exchange rate volatility increases the risk as faced by exporting and importing firms. It creates a certain degree of uncertainty with respect to expected revenues and profits, based on the unpredictable character of exchange rate movements. In such a situation, it may be expected that internationally operating firms are less willing to adjust product quality standards instantaneously. However, considering the strict managed floating exchange rate regime followed by the Chinese Central Bank, the exchange rate volatility for the ¥/$-exchange rate is relatively low, making the influence of exchange rate volatility on product quality rather unpredictable. This makes it extremely important to include exchange rate volatility in the model. 
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The primary, most commonly applied measure of exchange rate volatility is referred to as the coefficient of variation. It is calculated on an annual basis by means of dividing the standard deviation of daily exchange rates (σ) by its mean (μ).


(5.1)
[image: image2.wmf]
Apart from the coefficient of variation, various other measures of exchange rate volatility may be used. In his study on the relationship between exchange rate volatility and economic growth in European countries, Schnabl (2007) uses four other proxies for exchange rate uncertainty. These four alternative measures are used as robustness checks: 

· The first alternative outlined by Schnabl proxies exchange rate volatility as the standard deviation (σ) of the percentage changes in daily exchange rates. 

· The second alternative is not based on the standard deviation, but rather on the arithmetic average (μ) of the percentage changes in daily exchange rates. In this respect, it is possible to detect continuous changes in exchange rates, e.g. a positive value indicates a substantial appreciation of the U.S. Dollar; a negative value indicates a substantial appreciation of the Chinese Yuan.
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The third alternative outlined by Schnabl is a combination of the first two measures mentioned, referred to as the Z-Score. Based on findings by Ghosh et al. (2003), it is calculated by taking the square root of the sum of standard deviation squared and the mean squared. In mathematical notations, this yields:


(5.2)

· The fourth, and final alternative discussed is not concerned with daily exchange rate changes, but rather with annual exchange rate changes by comparing the January and December exchange rates. Annual relative changes can then easily be calculated. Again, this measure has the advantage of being able to detect continuous movements in exchange rates.
Figure 5.2 graphically illustrates the development of the exchange rate volatility over the period 1989-2001, using 1989 as the base year of indexation. Although the indices clearly differ in terms of absolute levels, patterns reveal some consistent development. As can be seen, the various measures of exchange rate volatility show a clear peak in the year 1994, being the result of the exchange rate devaluation conducted by the Chinese Central Bank. Subsequently, the strict managed floating exchange rate regime followed in the period 1995-2001 results in a very stable level of the exchange rate, and hence a very low exchange rate volatility. The flat lines characterizing the period from 1995 onwards are illustrative of this. A description of the exchange rate series and an overview of the descriptive statistics regarding the exchange rate volatility, measured according to the five different alternatives, can be found in the Appendix, Table 8.2. 
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Figure 5.2 Exchange Rate Volatility ¥/$-exchange rate 1989-2001 

Note: The figure shows the development of the exchange rate volatility, being calculated by means of analyzing daily exchange rates and indexed at the year 1989. Five measures have been used: the coefficient of variation, the standard deviation, the average, the Z-score, and the relative change on an annual basis. The peak observed in 1994 is the result of the currency devaluation performed by the Chinese Central Bank. Overall, exchange rate volatility is low, being the result of a strict managed floating regime. From 1994 onwards, the exchange rate has stayed at a stable level, yielding extremely low measures of volatility, resulting in the flat lines characterizing the period 1994-2001. 
4. Gross Domestic Product (GDP) per Capita

An important control variable to be included in the regression is the Gross Domestic Product (GDP) per Capita, being expressed in current (2001) U.S. Dollar. The data on economic development have been obtained from the database of the International Monetary Fund, presented in the yearly published World Economic Outlook. Since the relative difference between countries is important, the GDP per Capita variable has been modeled by means of the income gap. It is simply being calculated by dividing the GDP per Capita in the United States of America by the GDP per Capita in China. A ratio greater than 1 is indicative of a positive income gap between the United States of America and China; in case the ratio is smaller than 1, the situation is the exact opposite. 
As shown in the theoretical model, GDP per Capita or income (λ*) is an important variable to be included in the model, affecting demand, prices, quality of goods. It may be seen as a proxy of economic development, which is highly influencing the degree to which companies are able to produce or increase quality. Better developed countries, with a higher GDP per Capita, have more resources and expertise to produce qualitative products, and hence have a structural comparative advantage. 

Both the United States of America and China have experienced economic growth over the period 1989-2001. The United States of America has been confronted with an increase in GDP per Capita from $22,197 in 1989 to $35,892 in 2001. For China, a distinction can be made between economic development for Hong Kong and economic development for the remaining part of China. Regarding Hong Kong, it has been reported that GDP per Capita has increased from $11,812 to $23,519. Regarding the remaining part of China, economic development in relative terms has been quite alike, showing an increase in GDP per Capita from $402 in 1989 to $919, being equal to an increase of roughly a 100%. Figure 5.3 gives a clear, graphical overview of the development of the GDP per Capita in both the USA and China (Average of Hong Kong and the remainder of China). A description of the GDP per Capita series can be found in the Appendix, chapter 8.
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Figure 5.3 GDP Per Capita United States of America & China 1989-2001

Source: International Monetary Fund, World Economic Outlook (WEO)

Note: The figure shows the development of the GDP per Capita for the United States of America and China over the period from 1989 to 2001. Both countries have experienced a clear increase in income levels, with China being subject to the greatest growth. Its GDP per Capita doubled from $6107 in 1989 to $12,219 in 2001. The United States of America experienced a growth of roughly 60%, showing a growing GDP per Capita from $22,197 in 1989 to $35,892 in 2001.
5. Inflation     

A final important control variable to be included in the empirical model is inflation, or better the inflation gap. Inflation has a severe influence on the product-specific unit values that have been used to calculate the quality gaps between the United States of America and China. A higher inflation in the United States may give rise to higher unit values of American export products, and hence increase the quality gap between the States and China, without companies altering their quality standards. Additionally, wage increases, being at the root of inflation, may give rise to higher costs of production, and hence altered quality standards. To control for this, and prevent biased results and conclusions, it is of crucial importance to include the inflation gap, measured by changes in the compensation costs for labor, between China and the United States of America in the regression model. The databases of the International Monetary Fund, the United States Bureau of Labor Statistics, and the National Bureau of Statistics of China provide annual data on the changes in the compensation costs, and hence wages, reported for both countries. To correctly reflect inflation differences, induced by changes in compensation costs, between the United States of America and China, a ratio of Employment Cost Indices (ECI) for the two countries, with the year 2001 as the base year since the GDP gap is also measured in 2001 U.S. Dollars, is calculated. This ratio is benchmarked against a value of one. A ratio higher than 1 is illustrative for a higher inflation in the United States compared to China. A lower inflation in the United States compared to China is reflected by a ratio lower than 1.  
The United States of America have experienced a steady inflation rate over the period 1989-2001 of about 3.5%, with a minimum of 2.9% in 1995 and 1996 and a maximum of 4.8% in 1989. Regarding China, a much more fluctuating pattern may be observed. 1989 showed a decline in compensation costs compared to 1988 of 4.8%. The late 1990s and early 2000s, though, are characterized by significant increases in compensation costs, with annual percentage changes in between the range of 11.4% (2000) and 15.2% (2001). Figure 5.4 graphically shows the development of the Employment Cost Indices (2001 = 100) for both countries. 
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Figure 5.3 Employment Cost Index United States of America & China 1989-2001

Source: International Monetary Fund, U.S. Bureau of Labor Statistics, National Bureau of Statistics of China

Note: The figure shows the development of the Employment Cost Index for the United States of America and China over the period from 1989 to 2001, being used as a measure of cost inflation for both countries, indexed at the year 2001. It is clear that China has been subject to the greatest increases and fluctuations in compensation costs, with a maximum of a 15.2% increase in wages in 2001. The United States of America has experienced a rather steady development of wage costs, being equal to an approximate increase in wages of 3.5.

5.4 Methodology

To empirically analyze the relationship between the quality of goods produced and exchange rate fluctuations, the data just described has been obtained over a period of 13 years, from 1989 till 2001. The complete dataset, thus, contains annual information on the development of the (natural logarithm of the) quality gap of 864 HTS characterized products, the ¥/$-exchange rate, the exchange rate volatility measures according to five different alternatives, the GDP gap between the United States of  America and China, and the inflation gap between the United States of America and China. Given the fact that the obtained dataset is characterized by both a time dimension and a cross-section dimension, it is necessary to conduct a panel regression. In this regression model, the (natural logarithm of the)  quality gap is used as the dependent variable; the exchange rate, the exchange rate volatility, the GDP gap, the inflation gap and a one year lagged level of the quality gap are included as independent variables. Historic levels of the quality gap, e.g. a one year lag, are included since quality adjustments are a time-consuming and structural process. In this respect, a historic change in quality standards of a firm is quite likely to be part of a long term strategy, based on which historic process adjustments will positively influence current quality standards. Product quality adjustments do not reflect day to day decisions. Therefore, it is of crucial importance to include a one year lag of the quality gap in the panel regression model.

With respect to the obtained dataset, it needs to be noticed that it has been impossible to obtain quality gaps for each and every year, since in some cases no trade transactions regarding certain products have been recorded. Based on this setup, the following estimation framework may empirically be studied, indicating whether a relationship between exchange rate fluctuations and product quality, as predicted by the theoretical model, is observable in the real world:
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(5.3) 
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(5.4)

The first equation studies the relationship between exchange rate fluctuations and the quality gap in absolute terms, the second in concerned with the natural logarithm of the quality gap. 
To deal with the panel structure of the obtained dataset, this regression equation is estimated using the Estimated Generalized Least Squares (EGLS) method, including cross-section weights. Cross-section weights are primarily included for the purpose of minimizing the influence of heteroskedasticity in the error terms. Although statistical software like EVIEWS is not able to provide conclusive evidence for heteroskedasticity by means of a regular White Test, there is great suspicion of cross-sectional differences in residuals, given the great amount of different products, and hence product characteristics.

Another potential problem of the obtained dataset is concerned the estimation of the regression model intercept. Given the fact that the 864 HTS characterized products differ in terms of starting quality gaps, it is highly unlikely to assume that similar intercepts are feasible across various products. A potential solution to this problem is the inclusion of 864 intercept dummies, which allows for the estimation of the earlier described regression equation, while acknowledging the systematic difference in intercepts. Since it is highly inconvenient and potentially inaccurate to estimate 864 intercept dummies, a simple demeaning trick may be applied by including lagged levels of the quality gap. Through this simple demeaning trick, all intercept dummies are removed from the regression model, solving the estimation problem.

Crucial to testing the hypotheses formulated in section 5.2 is the insight that significant variables reported for the various regression models provide sufficient evidence supporting a clear influence on the (natural logarithm of the) quality gap, being in line with model predictions. This, then, gives an indication that it is not possible to reject the null-hypotheses (H0), and hence supports the theoretical expectations. 

5.5 Empirical Results
Conducting the panel regression as outlined in the previous section yields some very interesting results. Focusing on explaining the development of the natural logarithm of the quality gap by means of the exchange rate, the exchange rate volatility measured according to the five alternatives outlined in the data description section, the GDP gap, the inflation gap, and historic levels of quality differences, the results are summarized in Table 5.1.

	Variable
	(1)
	(2)
	(3)
	(4)
	(5)

	Intercept
	0.72**
(3.32)
	0.77**
(10.64)
	0.76**
(11.05)
	0.77**
(10.65)
	1.07**
(13.34)

	Exchange Rate
	-0.03**
(-4.79)
	-0.03**
(-5.47)
	-0.03**
(-5.44)
	-0.03**
(-5.48)
	-0.03**
(-5.02)

	Volatility
	-0.01

(-0.72)
	-0.005

(-0.21)
	-0.01

(-0.06)
	-0.005

(-0.22)
	0.87**
(4.82)

	GDP Gap
	0.03

(0.83)
	0.05**
(3.73)
	0.06**
(3.99)
	0.05**
(3.73)
	-0.02

(-0.97)

	Inflation Gap
	-0.08

(-0.76)
	-0.14*

(-2.57)
	-0.14**
(-2.66)
	-0.14*

(-2.57)
	-0.26**
(-4.96)

	Lagged Quality Gap
	0.55**
(71.02)
	0.53**
(219.69)
	0.53**
(169.80)
	0.53**
(219.78)
	0.54**
(174.53)

	Adjusted R2
N observations
	0.75

1742
	0.87

1742
	0.85

1742
	0.86

1742
	0.88

1742


** indicates significance at a 1% significance level; * at a 5% significance level
Table 5.1 Regression Results Natural Logarithm Quality Gap
5 Model Specifications, depending on using a certain measure of exchange rate volatility: (1) Coefficient of Variation; (2) Standard Deviation; (3) Average; (4) Z-Score; (5) Relative Change

Method Used: Panel Estimated Generalized Least Squares, with Cross-Section Weights
T-Statistics Reported in between brackets 
Studying the reported output results, it can be seen that two variables have a robust, consistent and significant effect on the natural logarithm of the quality gap, independent of the exchange rate volatility specification, namely the exchange rate and the lagged quality gap. Regarding the exchange rate, it is shown that there exists a significant negative relationship between the exchange rate and the product quality gap, being indicative of a decreasing (increasing) quality gap in response to a rising (falling) exchange rate. Hence, a depreciation of the Chinese Yuan relative to the U.S. Dollar, providing China with a relative cost advantage in producing quality, results in a lower quality difference between the United States of America and China. This result, as can be seen from Table 5.1, is robust for each and every model specification, and hence provides sufficient evidence not to reject the exchange rate specific null-hypothesis, e.g H0 nr. 1, reflecting the theoretical expectations. The regression results are in line with the model predictions outlined and simulated in chapters 3 and 4.

Regarding the historic level of the quality gap, being represented by a one year lag, it can be seen that there exists a significant positive relationship between the lagged level of quality differences and the current quality gap. This result is robust for each and every model specification. Based on this result, it may be concluded that quality adjustment, indeed, is a time consuming process, being part of a firm’s long term strategy. In case a firm has decided to increase its quality standards in the past, this change in production processes will be continued in subsequent years. Hence, quality adjustments are not to be seen as instantaneous actions. This result provides sufficient statistical evidence indicating that is impossible to reject the related null-hypothesis, being specified by H0 nr. 2.

Apart from these robust results, interesting patterns are also detected with respect to the other control variables. In this respect, it turns out that primarily the GDP gap and the inflation gap have a significant influence on the quality gap. The GDP gap is reported to have a significant positive effect, being indicative of growing quality differences between the United States of America and China in case the income gap grows. This is logically the result of better developed countries being more likely to produce goods of a higher quality. Again, the income-specific null-hypothesis, as formulated by H0 nr. 4, cannot be rejected on the basis of this regression results, being supportive of the theoretical expectations. Regarding the inflation gap, it can be seen that there exists a significant negative relationship between the quality gap and the inflation differential, being the difference between US inflation and Chinese inflation. This result can easily be explained by notifying that a positive inflation gap, hence a higher inflation level in the United States of America compared to China, based on a greater increase in labor costs, drives up productions costs in the United States, inducing American firms to lower its quality standards. This logically results in a lower quality gap. This outcome, again, provides significant and sufficient evidence not to reject the inflation-specific null-hypothesis, namely H0 nr. 5, being a representation of the insights gained from the model simulations performed in chapter 4. 

Regarding the exchange rate volatility, most of the regression evidence suggests no clear relationship between exchange rate volatility and the quality gap, being contrary to the expectations formulated in section 5.2, and hence, it being necessary to reject H0 nr. 3. This may be seen as a strange result, given the extremely low degree of exchange rate volatility between the Chinese Yuan and the U.S. Dollar due to the strict managed floating exchange rate regime followed by the Chinese Central Bank. This gives exporting firms a rather strong position in predicting exchange rates, which may create situations in which they can adjust production processes and quality standards in a fairly certain profitable direction. Only in case the volatility is measured by means of annual relative changes, a significant positive relationship is found, being indicative of the negative consequences of higher exchange rate volatility for developing countries, especially due to the fact that most trade contracts are denoted in U.S. Dollar terms.
	Variable
	(1)
	(2)
	(3)
	(4)
	(5)

	Intercept
	5.89**
(4.04)
	1.99**
(7.46)
	1.96**
(7.13)
	1.99**
(7.46)
	6.45**
(5.40)

	Exchange Rate
	-0.16**
(-6.48)
	-0.15**
(-5.65)
	-0.14**
(-5.57)
	-0.15**
(-5.65)
	-0.17**
(-6.43)

	Volatility
	0.05

(0.33)
	-0.11

(-1.64)
	-1.65

(-1.56)
	-0.11

(-1.65)
	12.39**
(3.96)

	GDP Gap
	-0.31

(-1.37)
	0.45**
(5.57)
	0.45**
(5.80)
	0.44**
(5.57)
	-0.39

(-1.70)

	Inflation Gap
	-1.40

(-1.94)
	0.22
(1.05)
	0.20
(0.97)
	-0.21
(1.05)
	-1.65**
(-3.38)

	Lagged Quality Gap
	0.50**
(81.53)
	0.49**
(85.96)
	0.50**
(87.16)
	0.50**
(85.96)
	0.50**
(100.13)

	Adjusted R2
N observations
	0.72

1742
	0.84

1742
	0.83

1742
	0.84

1742
	0.86

1742


Apart from a panel regression setup using the natural logarithm of the quality gap, also the absolute levels of quality differences have been studied. The results obtained are fairly similar to the ones obtained when using the natural logarithm of the quality gap, being indicative of a stable and robust model specification. Table 5.2 summarizes the results. 
** indicates significance at a 1% significance level; * at a 5% significance level

Table 5.2 Regression Results Quality Gap

5 Model Specifications, depending on using a certain measure of exchange rate volatility: (1) Coefficient of Variation; (2) Standard Deviation; (3) Average; (4) Z-Score; (5) Relative Change

Method Used: Panel Estimated Generalized Least Squares, with Cross-Section Weights

T-Statistics Reported in between brackets 
Two explanatory variables are shown to have a consistent, robust, and significant effect on the quality gap, again being the exchange rate and the lagged level of the quality gap. Regarding the exchange rate, a clearly negative and significant effect is found, again indicating that a depreciation of the Chinese Yuan results in a lower quality gap. This result, being in line with earlier obtained outcomes and hence being in line theoretic predictions, provides a significant statistical basis for it being impossible to reject the central null-hypothesis, namely H0 nr. 1. Focusing on the one year lag of the quality gap, again significant positive influences are detected, supporting the notion that quality adjustments are long term processes. This indication of the structural character of quality changes yields sufficient evidence not to reject H0 nr. 2, again being in line with the formulated expectations. Regarding the other control variables, in particular the GDP gap is shown to have explanatory power in explaining the quality gap development, reporting a significant and positive influence. Only in case the exchange rate volatility is measured according to the coefficient of variation and the annual relative change, the coefficient is reported not to be significantly different from 0. The inflation gap has lost most of its explanatory power, not being significantly different from 0. Only in case the annual relative change is used as a measure of volatility, the inflation gap has the predicted negative influence on the quality gap. The exchange rate volatility is shown not be of importance in explaining the quality gap, which is consistent with the finding reported in Table 5.1. H0 nr. 5 can therefore not be rejected. 
5.6 Summary of the Results

This section has empirically studied the relationship between exchange rate fluctuations and the quality gap. In sum, the following results have been reported:

· A robust, significantly negative relationship between the exchange rate and the quality gap is found, both for the absolute quality gap and the natural logarithm of the quality gap. Hence, it is not possible to reject the exchange rate specific hypothesis, H0 nr. 1.
· A robust, significantly positive relationship between the lagged quality gap and the current quality gap is found, both for the absolute quality gap and the natural logarithm of the quality gap. Hence, it is not possible to reject the lagged quality gap specific hypothesis, H0 nr. 2. 

· Exchange rate volatility is of no importance in explaining the quality gap. Hence, the volatility specific hypothesis, H0 nr. 3, has to be rejected.
· A robust, significantly positive relationship between the GDP gap and the quality gap is found, especially in case the standard deviation, the average, or the Z-score is used as a measure of the exchange rate volatility. Hence, it is not possible to reject the GDP gap specific hypothesis, H0 nr. 4.

· A significantly negative relationship between the inflation gap and the quality gap is found, especially for the explanation of the natural logarithm of the quality gap. This is in line with theoretic predictions and hence provides evidence not to reject the inflation gap specific hypothesis, H0 nr. 5. With respect to the absolute quality gap, no significant relationship is found; hence it is possible to reject H0 nr. 5. Overall, the effect of inflation is rather indeterminate. 
6. Conclusion and Discussion
This research paper has been concerned with both a theoretical and an empirical investigation of the potential relationship between exchange rates and product quality of traded goods. Using a slightly adjusted version of the dumping model developed by Moraga-González and Viaene (2004), initially focused on studying anti-dumping policies and its consequences in developing countries, it has been possible to examine the influence of the exchange rate, and logically changes in the exchange rate, on various macroeconomic variables, including quality standards, demand levels, and price levels. The model is based on a “two countries, two firms, two products”-setup. The domestic firm, being situated in a developing country, produces goods of a lower quality; the foreign firm, being situated in the developed country, produces goods of a higher quality. Both the numerical scenario analysis and the graphical simulations have revealed clear patterns in the studied macroeconomic variables in response to changes in the exchange rate. Focusing on quality standards, it has been shown that a clear positive relationship exists between the exchange rate and the quality standards adopted by the domestic firm, producing low quality goods, based on the relative cost advantage obtained. The foreign firm, though, decides to produce its goods, being of a relatively higher quality, at lower quality standards. They are confronted with a comparative disadvantageous situation, being subject to relatively higher costs of producing quality. This logically reduces the quality gap between the studied countries.  Regarding prices, similar patterns in response exchange rate changes have been detected. Hence, prices of low quality products tend to rise in response to an increase in the exchange rate, whereas prices of high quality products tend to decline in response to falling exchange rate levels. Demand developments have been explained by combining the quality standard effect and the price effect, eventually yielding a rather steady, slightly positive relationship between exchange rates and demand levels in both the domestic and the foreign country.


The theoretical model has provided a clear theoretical framework, based on which the validity of the revealed relationship between exchange rate and the quality gap has empirically been tested using trade data on international transactions, focusing on manufactured goods, between the United States of America and China over the period 1989-2001. The model constructed focused on the explanation of the quality gap, both in absolute and natural logarithm terms, by means of the exchange rate, being expressed as the ¥/$-exchange rate, the exchange rate volatility, measured according to five alternatives as to check for robustness, the GDP gap, the inflation gap, measured by means of changes in wages as to provide a good basis for modeling the influence of changing cost structures, and the lagged level of the quality gap, capturing the persistent nature of quality adjustments. The results are perfectly in line with the theoretic model predictions, reporting a robust and significantly negative relationship between exchange rates and the quality gap. Hence, a depreciation of the Chinese Yuan relative to the U.S. Dollar, providing China with a relative cost advantage in producing quality, results in a lower quality difference between the United States of America and China. This is supportive of the predictions from the theoretical model, and thus provides evidence for a clear relationship between the exchange rate and the quality gap. Additionally, robust explanatory results have been found for the lagged level of the quality gap, reporting a significant positive influence. This, hence, supports the notion that quality adjustments represent long term changes in production processes, and are persisted for a longer period of time. The GDP gap has also been shown to have a robust and positive influence on the quality gap, being indicative of growing income differentials between countries yielding a greater discrepancy between quality standards. The inflation gap has only received partial support, being of great importance in explaining the natural logarithm of the quality gap, though not being of any explanatory importance with respect to the absolute value of the quality gap. The effect, hence, is rather indeterminate, and requires additional study. The exchange rate volatility has not been proven to be of any explanatory importance, which is rather striking given the strict managed floating exchange rate regime followed by the Chinese Central Bank, and hence the extremely low degree of exchange rate volatility between the Chinese Yuan and the U.S. Dollar. One could argue that this situation would give exporting firms quite some certainty on the movements of the exchange rate, by means of which they are more willing to adjust quality standards. 

Although the model has been constructed as complete and comprehensive as possible, it is subject to some severe limitations, which logically triggers suggestions for further research. Probably the biggest motivation for further research is the result of a discussion regarding the determination of product quality. Since product quality is not objectively observable, but rather may be seen as some mental perception, a proxy is needed. This paper has measured quality out of a unit value approach, assuming value differences being indicative of quality differences, but it is certainly not the only potential measurement procedure by means of which an assessment may be made of product quality. Further research can exploit different measures of product quality. Additionally, it may be worthwhile to impose additional constraints on the sample of products to be studied, primarily eliminating products which are too much similar in terms of quality standards. This additional constraint might be necessary for the construction of an empirical model, which is more alike the theoretical model. The theoretical model, namely, assesses the relationship between exchange rates and quality standards only for products with a quality gap of at least 5.25. Related to this, it may also be interesting to look at certain product categories within the sample of manufactured goods, yielding a more sector specific answer to the question whether there actually exists a relationship between exchange rate fluctuations and product quality. With respect to the generalizable character of the reported findings, it may be advised to study trade patterns for a different set of countries over different period of times. This may yield a more robust and general conclusion. 
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8. Appendix

In this Data Appendix, an overview is given of all procedures followed to construct the dataset, being used to perform the empirical study.  

1. Quality Gap

The database from Feenstra et al. (2002), to be accessed via the National Bureau of Economic Research (NBER) gives an overview of all U.S. imports and exports, ranked according the 10-digit Harmonized Trade System (HTS) classification, over the period 1989-2001, series description 1989.3 – 2001.3. Imports and exports are reported both in terms of quantities and customs values. For studying the relationship between the exchange rate fluctuations and product quality, only manufactured goods, transferred between the United States of America and China, are analyzed. The quality gap is measured by comparing unit values of exports to unit values of imports, being calculated by dividing customs values by measured quantities. For optimizing the dataset, 3 restrictions have been imposed:

· Only goods with recorded imports and exports are included
· Goods transferred with a quantity than 100 are excluded

· Only goods with a quality gap within 0.05 and 20 are included

The eventual quality gap contains 864 HTS-classified products. Descriptive statistics are presented below, Table 8.1.

Table 8.1 Descriptive Statistics Quality Gap

	
	1989
	1990
	1991
	1992
	1993
	1994
	1995

	% Higher Quality USA 
	73.53%
	79.65%
	91.07%
	87.50%
	85.53%
	81.82%
	82.77%

	% Higher Quality China
	26.47%
	20.35%
	8.93%
	12.50%
	14.47%
	18.18%
	17.23%

	Mean Quality Gap
	5.42
	4.86
	5.87
	5.74
	6.11
	5.07
	5.10

	Median Quality Gap
	2.98
	2.44
	3.31
	3.95
	4.35
	2.83
	3.38

	Minimum Quality Gap
	0.06
	0.12
	0.09
	0.06
	0.09
	0.08
	0.09

	Maximum Quality Gap
	19.23
	19.27
	19.54
	18.24
	19.68
	19.47
	19.00


	
	1996
	1997
	1998
	1999
	2000
	2001

	% Higher Quality USA 
	84.50%
	84.74%
	82.23%
	84.15%
	84.89%
	84.95%

	% Higher Quality China
	15.50%
	15.26%
	17.77%
	15.85%
	15.11%
	15.05%

	Mean Quality Gap
	5.23
	5.55
	5.35
	5.29
	5.92
	5.51

	Median Quality Gap
	3.48
	3.94
	3.35
	3.30
	3.71
	3.45

	Minimum Quality Gap
	0.08
	0.14
	0.10
	0.07
	0.05
	0.06

	Maximum Quality Gap
	19.69
	19.76
	19.88
	19.88
	19.95
	19.89


2. Exchange Rate

Daily exchange rates have been obtained via the Federal Reserve Bank Data Download Program, series description: G.5/H.10 - Foreign Exchange Rates for Mar 21, 2011, CHINA -- SPOT EXCHANGE RATE, YUAN/US$ P.R. The exchange rates, used in the empirical analysis, are the annual averages of the obtained daily exchange rates. 
3. Exchange Rate Volatility

The exchange rate volatility is calculated in 5 different ways, on the basis of daily exchange rates reported by the Federal Reserve Bank, series description: G.5/H.10 - Foreign Exchange Rates for Mar 21, 2011, CHINA -- SPOT EXCHANGE RATE, YUAN/US$ P.R.
· Coefficient of Variation

· Standard Deviation of the Relative Changes in Daily Exchange Rates

· Average of the Relative Changes in Daily Exchange Rates

· Z-Score
· Relative Change, using the exchange rate at the beginning of the year and at the end of the year

Descriptive statistics are presented below, Table 8.2.
Table 8.2 Descriptive Statistics Exchange Rate Volatility

	
	Coefficient of Variation
	Standard Deviation
	Average
	Z-Score
	Relative Change

	Mean Volatility
	0.013
	0.519
	0.033
	0.520
	0.050

	Median Volatility
	0.006
	0.067
	0.00003
	0.068
	-0.0001

	Minimum
	0.0001
	0.003
	-0.007
	0.003
	-0.029

	Maximum
	0.050
	3.236
	0.199
	3.242
	0.269

	Q1
	0.001
	0.015
	-0.0003
	0.015
	-0.002

	Q3
	0.016
	0.154
	0.025
	0.156
	0.054


4. GDP Gap
The GDP Gap is calculated by dividing the GDP per Capita recorded in the United States of America by the GDP per Capita recorded for China, being a combination of Hong Kong and the remaining part of the Chinese main land. The data has been obtained via the International Monetary Fund, World Economic Outlook, reported in April 2002. Income is measured in 2001 U.S. Dollars. The reported country codes are as follows:
· United States of America: W111NGDPDPC

· Hong Kong: W532NGDPDPC

· Chinese Main Land: W924NGDPDPC

5. Inflation Gap

For the determination of the inflation gap, attention has been paid to the development of annual employment costs, measured as an annual percentage change, being a proxy of cost inflation. The International Monetary Fund World Economic Outlook (April 2002), the U.S. Bureau of Labor Statistics, and the National Bureau of Statistics of China provide the necessary input to determine the Employment Cost Index for both countries, with 2001 as the base year. 
· IMF World Economic Outlook

· United States of America: W111PCPI
· Hong Kong: W532PCPI
· Chinese Main Land: W924PCPI
· U.S. Bureau of Labor Statistics: Annual Economic Press Releases Employment Cost Index 1989-2001
· National Bureau of Statistics of China: 4-24 Average Wage and Index of Formal Employees
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