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1 Introduction

Few people today do not know about The Economist’s Big Mac Index™ that was first published in 1986. Since then the magazine has published a yearly version of this index, providing an analysis of the current value of currencies throughout the world. It is an approach that provides interesting food for thought about the current status of the purchasing power parity theory, which plays such a central role in international economics. The emergence of other measures such as the Starbucks Latte Index by The Economist in 2004 and iPod Index by CommoSec in 2007 raises the question of how well do these indexes really perform and do they actually tell us anything.

Any form of purchasing power parity (PPP) has its origins in the law of one price (LOP). The LOP argues that an identical good (or service) should sell at the same price in different countries once converted to a common currency.  The basic argument is that arbitrage puts pressure on prices to converge. The LOP considers one, identical good but economists are often interested in national price levels. The PPP theory is an aggregation of the LOP and states that national price levels should be equal once they are converted to a common currency. Instead of one good, a package of goods should be equal in price through the effects of market forces. CPI’s (consumer price indexes) are often used as measurements to represent national price levels. It is with these price aggregates that comparisons and calculations are made. Section 3 describes in more detail the theoretical backdrop for LOP and PPP. A link will also be made to problems that arise when one starts to search for practical evidence validating the theory. 

This paper attempts to evaluate the informational content of the Big Mac Index (BMI). The Big Mac™ (BM) burger is a single good sold throughout a large number of countries in the world. Section 4 describes the reasons for using the BM as a representative good in PPP calculations. Possible drawbacks and comparisons to other measures are also made providing insight into the difficulties encountered when choosing a good. Section 5 outlines the data that is used in calculations throughout the paper. Data is available for the period from 1987 to 2007 since the first year of publication. This paper uses a time series approach to analyze the various aspects of PPP for each individual country.

Sections 6 through 8 attempt to uncover if PPP holds in the sample period. This is done by using the theoretical background of Section 3 and building on the methodology used by Pakko and Pollard (2003). The data has been recollected and updated with an expanded analysis looking for evidence in favor of absolute PPP in section 6 and relative PPP in section 7. Section 8 looks at the most interesting aspect of the BMI, namely forecasting ability. The Economist labels currencies as being overvalued, undervalued or at parity. Based on these valuations one could make predictions as to which direction the currencies will move in. It is an interesting thought that such a simple measure can provide insight into the complicated world of the currency markets. 

An important part of PPP calculations is the transformation into a common currency. To date most calculations have been done by converting good prices to US dollars. The dollar has long been the major currency in world financial markets, but the emergence of the Euro may threaten this role. Bersten (1997) points out that the European Union rivals the US in terms of global output, respectively 31 and 27 percent. In terms of trade the EU sits at 20 percent and the US at 17 percent in terms of total world trade value. The recent decline of the dollar makes one wonder if using the Euro as base currency would yield different results in PPP calculations. 

2 Literature Review

The simple and appealing theory of PPP has long shaped thinking in international economics, but empirical evidence has been hard to come by. Academics have in the last two decades put extensive effort into searching for empirical evidence confirming purchasing power parity and the underlying theory of the law of one price. Examples of goods for which the LOP holds are hard to come, with oil and gold being two reasonable examples. Most economists seem to agree that PPP fails to hold empirically in the short-run, but that there should be movement towards parity levels in the long-run. Throughout the years empirical evidence has started to emerge, but it has not been totally convincing. Current research is looking for further evidence validating PPP, and econometric studies are trying to uncover why past research has failed to do so by developing new techniques. Here follows an outline of relevant papers to illustrate where current research stands. 

A general discussion of the PPP theory is undertaken by M. Pakko and P. Pollard (2003). In their paper the Big Mac is used as a guideline and descriptive tool in analysis. PPP seems to fail in absolute terms and relaxing conditions to allow for relative PPP does not yield any substantial evidence either. Short run deviations are large and seem persistent. Long-run deviations are also evident and show no signs of diminishing. 

A deeper analysis is performed by Kenneth Rogoff (1996). He tries to explain how it is possible that in the short-term real exchange rates
 are so volatile, and how come deviations from PPP only damp out at a rate of 15% per year. These half-lives of PPP deviations coincide with a period of 3-5 years. He points out financial factors as possible short-run distorters which combine with nominal rigidities to disrupt PPP, but money neutrality in the medium to long-run points in the direction of other, more permanent causes. He hints that real factors, such as shocks to tastes and technology, may be causes of long-run deviations. He concludes however with the worrying conclusion that international goods markets are not yet fully integrated, and that arbitrage is limited by buffer zones in international markets.
R. Cumby (1997) focuses on the question if deviations from Big Mac parity are permanent or temporary and examines adjustment towards parity. He argues that if adjustment towards parity takes place through exchange rates, then BM parity may be helpful in forecasting exchange rate changes. Limited data leads him to exploit the panel aspect of data to improve size of dataset, which is small when looking only at time series.

He arrives at the following three conclusions. Firstly, deviations from absolute parity are substantial and that deviations from relative parity are temporary with a half-life of one year. Secondly, the BMI is useful for forecasting exchange rates after accounting for country specific constants. He finds that a 10% undervaluation results in a 3.8% appreciation the following year. Lastly, he finds that the BMI is also useful when forecasting local currency prices.

M. Lutz (2001) focuses on Cumby’s study and tries to generalize his results (that PPP has role in forecasting exchange rates movements) to micro-price data. He uses the Prices and Earnings round the Globe published by UBS, and finds similar results for the goods used in the survey. Strong correlations exist between deviations from parity and exchange rate movements.

There are more recent and comprehensive papers that use the latest econometric techniques to explore PPP. Their scope is beyond this paper, but it can be said that findings are starting to move slightly more in favour of PPP. Their focus is often still based of Rogoff’s dilemma: reconciling large, short-term deviations from parity with slow deviations back to parity. Many economists still believe that relative prices should form some type of anchor in the determination of long-term real exchange rates. Studies are shifting their focus from time series evaluations to panel settings, because the latter is believed to have more statistical power and compensates for the lack of data in time series observations. The general thought is still that the theory has merits, and the search is continuing to uncover empirical evidence validating the hypothesis

3 The Law of One Price and Purchasing Power Parity: Theory

3.1 The Law of One Price

The theory first circulated in the 17th century, but the economist most credited with the growth of purchasing power parity is Karl Gustav Cassel (1921). His work then                     on exchanges rates after the collapse of the gold standard shaped the central idea behind    the theory of today. The theory of the law of one price (LOP) forms the foundation of the purchasing power parity hypothesis, and states that identical goods in different countries should trade at the same price once converted to a common currency: 
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where 
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The key process that is responsible for the convergence of prices is arbitrage. Arbitrage is the process of buying or selling a good in order to exploit a price differential so as to make a risk-less profit. Once the process starts, it continues until prices have converged to the extent that no more profit can be made. 

The law of one price theory can applied to both an intra-country and an international setting; all that is required is conversion to a common currency. The theory does somewhat abstract from reality, since in practice crossing a border does affect pricing. Currently, there are still numerous aspects of international trade that have an impact on country specific prices. Transport costs, tariffs and other non-tariff barriers influence prices and last two distort the prices that are be paid for goods. We need to account for these distortions when working with international prices. The main principle however does not change and price equalization should occur through arbitrage and a greater degree of free trade.

3.2 Purchasing Power Parity

In practice we are more interested in aggregate levels of prices or a collection of goods. It provides more information on the economic state of national affaires and provides a base for international comparison, which is becoming ever more important. The step from LOP to PPP requires an aggregation of LOP and argues that national price levels should be equal once conversion to a common currency is made. 
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with P being the domestic price index, E (actual nominal exchange rate) domestic currency price of foreign currency and 
[image: image6.wmf]*

P

 the foreign price index. 

3.2.1 Absolute Purchasing Power Parity

Absolute PPP draws on Equation 3.2 and directly implies:
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The first half of the left-hand equation in Equation 3.3 is the PPP exchange rate (P / 
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= Eppp). It is the relative price level that results in PPP, given the actual nominal exchange rate. The entire left-side of the Equation 3.3 forms the real exchange rate (R). It is the nominal exchange rate adjusted by relative price levels. Absolute PPP requires that the real exchange rate should be equal to one, meaning that the actual bilateral exchange rate (E) should be equal to the PPP exchange rate between two countries.

The fact that a country’s consumers are unique and have their own preferences makes it difficult to construct price indexes that are open for international comparison. International comparison would require an internationally standardized basket of goods that is weighted equally in each country. This is not easy to accomplish since not all goods are produced or sold in every country, and consumers in individual countries have biases towards certain goods. Also countries apply different quality and content requirements to some goods, making them not fully open to arbitrage. Add to this that new goods are frequently introduced to markets and that consumption weights change. It is simply near to impossible to construct indexes that are uniform in good content and weight allocation.

Indexes also require a base period for calculations. When is a year meaningful as a base-year? Do modern times require different base-years? Can we assume that PPP is valid in the base year when calculating PPP’s? These are the typical questions that one has to deal with when constructing and using indexes in any form. No real answers are available and it is difficult to incorporate objectivity into calculations.

The above mentioned issues are further complicated by data problems. Data used for PPP calculations is characterized by infrequency and non-availability. Price data is not as frequent as exchange rate data, which is today measured at close to real time. These issues make empirical research troublesome and finding evidence validating absolute PPP difficult. This in conjunction with the fact that absolute PPP is such a strict condition has resulted in many looking towards relative PPP as a possible solution.

3.2.2 Relative Purchasing Power Parity

The assumptions and requirements needed for absolute PPP to hold are too strict to gain results in the real world. Examples are hard to come by and as a result research has shifted its focus to relative PPP. Relative PPP builds on absolute PPP, but relaxes conditions to yield the following relationship:
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as an approximation
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with ∆ being the percentage change in: E (nominal actual exchange rate), P (domestic price level) and 
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 (foreign price level).

Relative PPP requires only that the gap between the growth rates of the domestic and foreign price indexes be covered by change in the nominal exchange rate. Say for example that the domestic price inflation is five percent and that foreign inflation is four percent. This means that the domestic currency must depreciate by one percent in value to compensate. 

Relative PPP is used more often to undertake empirical research, because it is a less strict version of theory, and only requires that the PPP gap between currencies does not worsen. Relative PPP does not require that the real exchange rate (actual exchange rate adjusted by relative price levels) is equal to one, but that it is stationary. Deviations from parity are held constant by the interaction of the relative price levels and exchange rate changes. A special case scenario occurs when the real exchange rate equals one meaning that absolute PPP holds. The relaxation of the stringent conditions surrounding absolute PPP allows it to become possible to account for country specific differences and still obtain a form of PPP. 

3.3 Obstacles to Purchasing Power Parity

Through the years much study has been undertaken to find empirical evidence in support of the purchasing power parity hypothesis. Absolute PPP has almost no empirical foothold and research has tended to focus on relative PPP. Findings have shown that deviations from PPP are extremely volatile and large in the short run, and until recently no conclusive evidence has been found of long-run convergence. Most findings point in the direction of Rogoff’s (1996) findings. He finds that deviations from PPP seem to die out at a slow rate of 15 percent per annum. This implies that half-life deviations from PPP die out at a rate of 3-5 years, and this is to slow even when accounting for nominal rigidities. It is also surprising because most economists believe that PPP should play an anchor role in determining the value of real exchange rates. 

So why does PPP fail? Basic reasons for failure are the existence of transport costs, tariffs, non-tariff barriers and information costs. Crossing borders and getting goods to consumers still has a substantial effect on prices.  Rogers and Jenkins (1995) illustrate the effect of borders by revealing that crossing borders does significantly influence relative price differentials, and that these differentials tend to be persistent. 

Rogoff (1996) explains the short-run failure of PPP by citing monetary shocks or nominal rigidities in the pricing system as potential answers to why PPP fails in the short-run. However, when looking at the long-run one would expect these factors to die out rather quickly and real exchange rates to move towards their PPP levels. Empirically little evidence has been found supporting this long-run trend. 

Pakko & Pollard (2003) think the failure arises because of non-traded elements such as real estate (and utilities), wages, government spending or current account balances. Non-traded elements are often cited as the main cause of price differentials among highly traded goods. The price of a good does not only include costs such as ingredients or components, but includes elements such wages and rents. These non-traded factors are not always open to arbitrage on markets and are often location bounded. Another potential problem is incomplete exchange rate pass through, meaning that changes in exchange rates are not fully reflected in proportional price changes. A buffer exists in which nominal exchange rates (and prices) can fluctuate without influencing each other, resulting in a wedge between the prices of domestic and foreign goods. Their argument is linked to Krugman’s (1997) argument of imperfect competition in markets.

Krugman (1997) argues that situations arise in which imperfect competition occurs, and firms are able to ‘price to market’. Firms are able to discriminate in their prices, and the price mechanism does not function fully. This situation can arise when goods are not open to full arbitrage on markets or when firms are aware that the demand for a good is not fully elastic. Rogoff (1996) uses the example of automobiles to illustrate the first situation. Countries impose different standards on production and influence the end product making it difficult to trade the product elsewhere. 

Interesting as well is Balassa (1964) and Samuelson’s (1964) hypothesis that rich countries tend to have higher price levels than poor countries because of differences in productivity levels. Rich countries have higher relative productivity in the traded goods sector, which results in pressure on the wage levels in other sectors. The total effect is an aggregate rise in the level of wages that ultimately tends to push up prices in the richer countries. 

The rather boring and easy conclusion may have to be that all these factors play a role in the failure of PPP. World markets are not as free as we would like them to be and prefect competition is far from true in every situation. People simply do not have all information and distance in combination with location still plays a substantial role in trading goods. Governments also still have a prominent role in the pricing of certain goods and with their actions in the domestic and international markets influence prices. I will have to join K. Rogoff (1996, p. 665) in his conclusion:

“International goods markets, though becoming more integrated all the time, remain quite segmented with large trading frictions across a broad range of goods. As a consequence there is a large buffer within in which nominal exchange rates can move without producing an immediate proportional response in relative domestic prices. ”

4 The Big Mac

The central idea behind purchasing power parity is that one currency unit should buy the same amount of goods in any country. This implies that through time actual exchange rates should move towards levels that equate the price levels of an identical basket of goods in each country. The Economist uses the Big Mac as its basket of goods. 

The reasons for using the Big Mac as a representative good are numerous. Firstly, the BM is a homogenous good. Its composition is almost perfectly uniform in all countries; think of those advertisements in which the burger is presented. Some exceptions do exist, such as in countries where meat needs to be kosher or halal. Packaging differences with regard to sauces occasionally occur, but in general the Big Mac is one and the same world wide. Some argue that the good itself is not very tradable in its final form, but the individual components of the BM are tradable, be it domestically or internationally. In this light Pakko & Pollard (2003) argue that the price of the BM could be looked at as the sum of its individual components, which are subject to arbitrage on the world and domestic markets. 

Secondly, the BM is traded in a large number of countries world wide. Today the Big Mac is sold in over 80 countries all over the world making it an easily recognizable good and a household name to many. 

Lastly, the allure if the BM is that it is simple good, and if it can yield results similar to more complicated measures such as CPI’s why not use it. Pakko & Pollard (2003) show that the correlation between the BM and the Penn World Table (2002) valuations in 2000 is 0.73. This is surprisingly good for a single, simple good such as the BM considering that the PWT tries to construct price indexes that are open to international comparisons. 

The BM does however have drawbacks. Data is not available on a frequent basis since The Economist releases its index only once a year. Data is available from 1986 onwards providing us with annual prices of the burger, but it is not ideal for monitoring exchange rate movements which change with a higher frequency. 

Price differentials may also occur as a result of how the burgers are priced in various countries. Value-added taxes and profit margins are included in the BM prices, and may distort the prices to a degree. Also, price discrimination may play a role as McDonalds adjusts its pricing to the social status of the Big Mac. There is for example a big difference in the way that the burgers are consumed in Russia and the US. The inclusion of non-traded elements such as wages and rents may also play a role, as the levels of these factors differ in different locations. All in all these drawbacks will play a role in the deviations between prices, but the problems are such that they will be encountered by most traded goods. There are few goods that meet the strict requirements that allow for these problems to disappear. 

5 Data

Data on the Big Mac Index has been obtained from annually published articles from The Economist, with the first issue being released in 1986. In this first issue 14 countries where used and in the 2006 publication as many as 58 countries. In these publicized indexes the US dollar is used as base currency for calculations. For some countries in the original survey of 1986 data is missing in 1987, so I use 1987 as a starting point. The general rule is to use the year which is available, either 1986 or 1987. The data file produced by Pakko and Pollard (2003) helped fill in data that was not published in The Economist. 

When using the Euro as base currency is my calculations, I have obtained the Euro bilateral exchange rates from the ECB statistical webpage. Data for this period is limited to the period 1999 to 2007 coinciding with the formal introduction of the Euro as a currency in world markets.

6 Absolute Purchasing Power Parity Analysis

As mentioned before strict conditions need to apply for absolute PPP to hold. The goods used in Equation 3.1 need to be identical and the weights assigned to each good need to be equal. In the calculations to follow, the Big Mac replaces these goods so that we can push these issues to the side. Our calculations move more towards a LOP setting, with the BM representing the basket of goods but being an individual good.
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with 
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 being the domestic BM price, E (actual exchange rate) the domestic currency price of foreign currency, 
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The term on the left of Equation 6.1 is equal to the real BM exchange rate. It is the nominal actual exchange rate adjusted by relative BM prices. For absolute PPP to hold, the real BM exchange rate should be equal to one, or stated otherwise
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. If a deviation does occur we can determine if the currency is overvalued or undervalued (assuming that there is a link between price levels and actual exchange rate valuation). Undervaluation occurs when the price ratio
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, which is also the BM exchange rate Ebm, is less than the actual exchange rate meaning that the dollar-equivalent prices are lower than prices in the United States. For situations in which the price ratio of BM’s are higher than the actual exchange rate, we speak of overvaluation (Ebm > E).

Table 6.1: General currency valuation according to Big Mac Index (1987-2007)

	Undervalued

Ebm < E
	Overvalued

Ebm > E
	Transitory

Ebm ≈ E

	Argentina
	Britain
	Brazil

	Australia
	Denmark
	Canada

	Czech Republic
	Sweden
	Chile

	Hong Kong
	Switzerland
	Euro Area

	Hungary
	
	Japan

	Malaysia
	Belgium
	South Korea

	Mexico
	France
	

	New Zealand
	Germany
	Italy

	Poland
	Netherlands
	

	Russia
	Spain
	

	Singapore
	
	

	South Africa
	
	

	Taiwan
	
	

	Thailand
	
	


Note: (1) Table summarizes the valuation for each country over the entire sample period

Table 6.1 summarizes the valuation of individual currencies throughout the sample period (1987-2007). It reveals that most countries are undervalued in relation to the US dollar, with only a few being constantly overvalued. The final group is labeled as transitory, because these countries show neither a tendency to be undervalued or overvalued.

Table 6.2 shows the exact valuations of countries during the period from 1986-2007. Calculations are made by multiplying the left-side of Equation 6.1, Rbm, by 100 and then subtracting 100. Positive values (>0) represent an overvalued currency and negative values (<0) represent undervalued currencies. Countries have only been included if they have been represented in the Big Mac survey on more than ten occasions. An exception has been made for the euro area, because of its recent importance. The reason for setting a minimum requirement is to improve the reliability of the data used. A short time series reveals less than a longer one. Of the observed valuations only 37 of the 511 fall in the range -5 %≤ 0 ≤5 %. This represents 7.24% of total valuations. A relaxation of the criteria to a range of -10%≤ 0 ≤10% leads to only a small improvement, namely 13.5%. This means that for all countries in the sample period from 1987 to 2007, 86.5% have deviations from parity in excess of 10%.

A graphical representation of the data reveals a similar pattern. Figure 6.1 plots the relative price level of the Big Mac (Ebm) against the actual exchange rate (E) for each individual country. PPP will hold on an absolute level if the two lines lie on each other. In most cases the lines do not lie on the same level and the deviations are substantial. Absolute PPP does not hold on an annual basis, but looking at graphs has the advantage of revealing possible trends that develop through the years. The next section looks at the graphs to see if any trends are visible.

Figure 6.1 is subdivided into four groups a, b, c and d. Figure 6.1(a) shows countries that are constantly undervalued (Ebm < E) according to the index. The actual exchange rate is constantly greater than the price ratio of the BM
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 and the deviation shows no sign of diminishing.

	
	Under/over - valuation per year
	

	Country
	1986
	1987
	1988
	1989
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007

	Argentina
	-
	-
	-
	-
	-
	-
	52
	58
	57
	29
	27
	 3
	2
	3 
	0
	-2
	-68
	-47
	-49
	-46
	-26
	-22

	Australia
	-33
	-
	-40
	-16
	-21
	-14
	-11
	-23
	-25
	-22
	-17
	-20
	-32
	-32
	-38
	-40
	-35
	-31
	-22
	-18
	-21
	-14

	Belgium
	34
	44
	8
	13
	27
	29
	47
	47
	35
	65
	48
	28
	12
	
	
	
	
	
	
	
	
	 

	Brazil
	-89
	-
	-
	-
	-
	-
	-19
	23
	-31
	16
	26
	16
	6
	30
	-34
	-35
	-38
	-45
	-41
	-22
	-10
	6

	Britain
	3
	4
	-8
	6
	4
	33
	39
	22
	15
	21
	14
	22
	19
	26
	20
	12
	16
	16
	16
	12
	18
	18

	Canada
	-15
	-
	-31
	-11
	-14
	-9
	6
	-4
	-11
	-14
	-11
	-14
	-23
	-19
	-23
	-16
	-15
	-18
	-20
	-14
	1
	8

	Chile
	-
	-
	-
	-
	-
	-
	-
	-
	0
	4
	-1
	19
	7
	7
	-2
	-17
	-14
	-28
	-25
	-17
	-5
	-13

	China
	-
	-
	-
	-
	-
	-
	-47
	-34
	-55
	-55
	-51
	-52
	-53
	-51
	-52
	-53
	-49
	-56
	-57
	-59
	-58
	-58

	Czech Republic
	-
	-
	-
	-
	-
	-
	-
	-
	-27
	-18
	-22
	-25
	-39
	-24
	-45
	-44
	-33
	-28
	-27
	-25
	-14
	-27

	Denmark
	-
	87
	50
	67
	81
	85
	97
	86
	67
	112
	87
	63
	32
	47
	23
	15
	19
	51
	54
	50
	54
	49

	Euro area
	 
	
	
	
	
	
	
	
	
	
	
	
	
	11
	-5
	-11
	-5
	10
	13
	17
	22
	22

	France
	54
	73
	29
	38
	43
	42
	49
	52
	38
	66
	46
	26
	11
	18
	4
	-2
	
	
	
	
	
	 

	Germany
	31
	36
	3
	13
	16
	14
	25
	28
	17
	50
	37
	18
	5
	12
	-6
	-9
	
	
	
	
	
	 

	Hong Kong
	-39
	-39
	-59
	-52
	50
	-49
	-47
	-49
	-48
	-47
	-46
	-47
	-49
	-46
	-48
	-46
	-42
	-46
	-47
	-50
	-50
	-55

	Hungary
	-
	-
	-
	-
	-
	-32
	-24
	-22
	-29
	-32
	-39
	-37
	-52
	-48
	-52
	-48
	-32
	-19
	-13
	-15
	-12
	-2

	Italy
	-
	54
	12
	18
	44
	29
	52
	30
	21
	14
	23
	13
	-3
	3
	-14
	-23
	
	
	
	
	
	 

	Japan
	50
	51
	25
	38
	6
	25
	30
	52
	63
	100
	14
	-3
	-19
	0
	11
	-6
	-19
	-19
	-20
	-23
	-28
	-33

	Malaysia
	-
	-
	-
	-
	-
	-
	-
	-43
	-39
	-35
	-36
	-36
	-55
	-51
	-53
	-53
	-47
	-51
	-54
	-55
	-51
	-53

	Mexico
	-
	-
	-
	-
	-
	-
	-
	0
	-5
	-26
	-14
	-22
	-18
	-14
	-11
	-7
	-5
	-19
	-28
	-16
	-17
	-21

	Netherlands
	19
	32
	9
	19
	27
	24
	33
	35
	24
	52
	36
	17
	3
	10
	
	
	
	
	
	
	
	 

	New Zealand
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-16
	-15
	-7
	-26
	-25
	-33
	-43
	-29
	-18
	-8
	4
	-11
	5

	Poland
	-
	-
	-
	-
	-
	-
	-
	-
	-40
	-37
	-39
	-43
	-40
	-43
	-49
	-42
	-41
	-40
	-44
	-36
	-32
	-26

	Russia
	-
	-
	-
	-
	184
	155
	-73
	-50
	-29
	-30
	-18
	-21
	-22
	-44
	-45
	-52
	-50
	-51
	-50
	-52
	-43
	-41

	Singapore
	-19
	-18
	-41
	-29
	-37
	-30
	31
	-
	-17
	-9
	-8
	-14
	-28
	-24
	-25
	-28
	-27
	-31
	-34
	-29
	-27
	-24

	South Africa
	 
	
	
	
	
	
	
	
	
	
	-30
	-27
	-38
	-43
	-47
	-53
	-64
	-32
	-36
	-31
	-32
	-35

	South Korea
	 
	
	
	78
	35
	29
	35
	27
	23
	29
	25
	6
	-31
	1
	8
	-11
	-5
	0
	-6
	-19
	-15
	-8

	Spain
	22
	-
	7
	18
	27
	51
	41
	25
	9
	23
	23
	7
	-6
	0
	
	
	
	
	
	
	
	 

	Sweden
	50
	-
	31
	62
	79
	91
	96
	51
	39
	53
	64
	39
	17
	19
	8
	-8
	1
	33
	36
	36
	46
	42

	Switzerland
	-
	-
	-
	-
	-
	-
	-
	72
	72
	125
	103
	66
	51
	64
	39
	44
	53
	69
	69
	65
	68
	53

	Taiwan
	-
	-
	-
	-
	-
	-
	-
	-
	2
	9
	1
	2
	-20
	-13
	-9
	-16
	-19
	-26
	-23
	-21
	-25
	-33

	Thailand
	-
	-
	-
	-
	-
	-
	-
	-16
	-18
	9
	 -20
	-26
	-49
	-43
	-42
	0,52
	-49
	-49
	-50
	-52
	-50
	-47


Table 6.2: Absolute purchasing power parity valuations (US currency base): 
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Note: (1) Overvalued > 0; Undervalued <0: Parity =0

Figure 6.1 (a): Absolute PPP: Comparing E with Ebm

[image: image23.emf]0.8

1.0

1.2

1.4

1.6

1.8

2.0

88 90 92 94 96 98 00 02 04 06

NEX_AUS PPP_AUS

Australia

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

 

U

S

 

$

2

3

4

5

6

7

8

9

88 90 92 94 96 98 00 02 04 06

NEX_CHN PPP_CHN

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

U

S

 

$

China

15

20

25

30

35

40

88 90 92 94 96 98 00 02 04 06

NEX_CZR PPP_CZR

Czech Republic

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

 

U

S

 

$

3

4

5

6

7

8

88 90 92 94 96 98 00 02 04 06

NEX_HK PPP_HK

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

U

S

 

$

Hong Kong

1.0

1.5

2.0

2.5

3.0

3.5

4.0

88 90 92 94 96 98 00 02 04 06

NEX_MAL PPP_MAL

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

U

S

 

$

Malaysia

2

3

4

5

6

7

8

9

10

11

88 90 92 94 96 98 00 02 04 06

NEX_SA PPP_SA

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

S

 

$

South Africa

15

20

25

30

35

40

45

50

88 90 92 94 96 98 00 02 04 06

NEX_THL PPP_THL

Thailand

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

 

U

S

$

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

88 90 92 94 96 98 00 02 04 06

NEX_POL PPP_POL

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

U

S

 

$

Poland

20

22

24

26

28

30

32

34

36

88 90 92 94 96 98 00 02 04 06

NEX_TAI PPP_TAI

Taiwan

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

 

U

S

$

1.0

1.2

1.4

1.6

1.8

2.0

2.2

88 90 92 94 96 98 00 02 04 06

NEX_SING PPP_SING

d

o

m

e

s

t

i

c

 

c

u

r

r

e

n

c

y

 

u

n

i

t

s

/

U

S

 

$

Singapore


Note: (1) NEX = Actual exchange rate E and PPP = Big Mac exchange rate Ebm
Figure 6.1(b) shows Britain, Denmark, Sweden and Switzerland. This group of countries has a currency that has been constantly overvalued (Ebm > E) according to the Big Mac Index. Once again these valuations seem to hold over time and show no movement towards parity. The actual exchange rates of these countries all seem to have gradually appreciated since 2002. This coincides with the general weakening of the US dollar that has occurred in the last few years.

Figure 6.1 (b): Absolute PPP: Comparing E with Ebm
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Note: (1) NEX = Actual exchange rate E and PPP = Big Mac exchange rate Ebm
Figure 6.1(c) puts together a group of countries that have been undervalued for a large period of time, but are now starting to shows signs of moving towards parity. For New Zealand, Canada and to a lesser extent Chile, the adjustment seems to take place through the appreciation of actual exchange rate. Hungary and Brazil show a movement to parity via both an appreciation of the actual exchange rate and a rise in the relative price level of the BM. Once again this coincides with the general weakening of the US dollar.

Figure 6.1(d) consists of Russia, Japan, Mexico and South Korea. These countries show the most evidence in favor of absolute PPP since the relative price level and actual exchange rate move roughly together. The Russian graph uses logarithmic scale to account for the period of hyper inflation that influenced prices. 

Figure 6.1 (c): Absolute PPP: Comparing E with Ebm
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Note: (1) NEX = Actual exchange rate E and PPP = Big Mac exchange rate Ebm
Figure 6.1 (d): Absolute PPP: Comparing E with Ebm
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Note: (1) NEX = Actual exchange rate E and PPP = Big Mac exchange rate Ebm
Figure 6.2 shows a somewhat different view than seen so far. A number of the current members of the European Union (EU) are shown, namely Belgium, France, Germany, Italy, Spain and The Netherlands. Here we see some evidence is favor of absolute PPP. On an annual basis the countries do not lie at parity level and to start off with deviations were substantial. However, the currencies tended to move towards parity level during the transition to the Euro. Respective valuations in the final year are: Belgium 12, France -2, Germany -9, Italy -23, Netherlands 10, and Spain 0. Four out of the six countries fall within the -10%< 0 <10% interval. This may provide some evidence behind the central idea of the importance of free trade and opening up borders. The desire of the EMU to create open trade between countries seems to help drive currencies (and prices) towards parity levels.

Figure 6.2: Absolute PPP EU member countries: Comparing E with Ebm
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Note: (1) NEX = Actual exchange rate E and PPP = Big Mac exchange rate Ebm
However, we must conclude that no clear evidence comes forward in favor of absolute purchasing power parity when using the Big Mac Index. Most currencies seem to maintain their under- or overvaluation through the observed period and on an annual basis no country holds its parity level. This is not so surprising, and seems to be in line with the empirical evidence mentioned earlier in Section 3.3. Absolute PPP implies that the actual exchange rate is determined by the relative price level. The modern economy is far more complicated and other factors impact the exchange rate such as interest rates. Furthermore price levels are not open to full arbitrage on world markets and are rigid in the short-term. Relaxing the strict conditions of absolute PPP, and looking at relative PPP may provide more evidence.

7 Relative Purchasing Power Parity Analysis

The approach taken by relative purchasing power parity is a less restrictive one. It relaxes the strict conditions needed for absolute purchasing power parity. Relative PPP does not claim that PPP holds for countries on an absolute level, but rather states that the real exchange rate should be stationary. The real exchange rate no longer has to be equal to one, but tends to move around some fixed level. This implies that deviations from parity are allowed but that deviations do not worsen. More specifically the deviation is held constant by interaction between the rates of change of the relative price level and the actual nominal exchange rate. The thought is that countries deviate from their absolute parity levels, but maintain parity on a lower, relative level. 

This stationarity is referred to as mean reversion in literature. Mean reversion is the hypothesis that real (long-term) exchange rates have a tendency to revert to a constant real exchange rate. Deviations from parity are temporary and the real exchange rate tends to be stationary around a fixed level. Dickey-Fuller (DF) tests are commonly used in empirical research and try to reject the notion of a unit root in the real exchange rate by regressing deviations from the real BM exchange rate. A simplified approach to this statistical test is seen in Figure 7.1 where the real BM exchange rate has been plotted against time. Hopefully the real BM exchange rate shows signs of reverting back to an average real exchange rate in the sample period. A special case occurs where the real BM exchange rate is equal to one, because it is then that absolute parity holds. 

Figure 7.1 (a): Real BM exchange rates  
[image: image28.wmf]1

-

´

=

E

E

R

bm

bm


[image: image29.emf]0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

88 90 92 94 96 98 00 02 04 06

R_ARG

0.4

0.8

1.2

1.6

2.0

2.4

2.8

88 90 92 94 96 98 00 02 04 06

R_BRA

.55

.60

.65

.70

.75

.80

.85

.90

88 90 92 94 96 98 00 02 04 06

R_CZR

0.8

0.9

1.0

1.1

1.2

1.3

1.4

88 90 92 94 96 98 00 02 04 06

R_EU

0.4

0.5

0.6

0.7

0.8

0.9

1.0

88 90 92 94 96 98 00 02 04 06

R_HUN

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

88 90 92 94 96 98 00 02 04 06

R_JAP

0.72

0.76

0.80

0.84

0.88

0.92

0.96

1.00

1.04

1.08

88 90 92 94 96 98 00 02 04 06

R_MEX

0.5

0.6

0.7

0.8

0.9

1.0

1.1

88 90 92 94 96 98 00 02 04 06

R_NZ

0.5

0.6

0.7

0.8

0.9

1.0

1.1

88 90 92 94 96 98 00 02 04 06

R_POL

0.0

0.5

1.0

1.5

2.0

2.5

3.0

88 90 92 94 96 98 00 02 04 06

R_RUS

.3

.4

.5

.6

.7

.8

88 90 92 94 96 98 00 02 04 06

R_SA

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

1.4

88 90 92 94 96 98 00 02 04 06

R_SK

1.2

1.4

1.6

1.8

2.0

2.2

2.4

88 90 92 94 96 98 00 02 04 06

R_SWI

0.6

0.7

0.8

0.9

1.0

1.1

88 90 92 94 96 98 00 02 04 06

R_TAI


Figure 7.1 (b): Real BM exchange rates: 
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Figure 7.1 (c): Real BM exchange rates: 
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Figure 7.1 (d): Real BM exchange rates: 
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A simpler, more general approach in analyzing relative PPP is done by calculating inflation differentials and actual exchange rate changes. Inflation differentials refer to the percentage change in the relative price level of the BM. Exchange rate changes refer to the percentage change in the yearly nominal exchange rate between countries. Subtraction of the actual exchange rate differential from the inflation differential leaves us with a value that, for relative PPP to hold, should be around zero with the two differentials canceling each other out.
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Figure 7.2 (a): Relative PPP: 
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When analyzing the graphs in Figure 7.2 we are looking for a movement along the zero line, representing a stationary real BM exchange rate (Rbm) as defined in Equation 6.2. The idea is that the real exchange rate forms an anchor along which currencies and relative price levels move. Once a deviation occurs (from the mean level) the expectation is that adjustment will take place and the real BM exchange rate will revert back to its equilibrium level. 

The graphs reveal three groupings of countries. Each graph depicts the deviation from Big Mac parity and is obtained by subtracting the actual exchange rate change (%∆E) from the inflation differential (
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).The first grouping, shown in Figure 7.2 (a), shows no evidence supporting relative PPP. Movement along the zero line is sporadic and no trend is visible. 

The second group, as seen in Figure 7.2 (b), shows countries that do provide some support in favor of being stationary. The fluctuations along the zero line are substantial for Britain and Canada, but they tend to be centered along the zero line. Figure 7.1 (b) backs this up by revealing that Britain and Canada appear to centre on a real BM exchange rate of 1.15 and 0.9 respectively. 

Figure 7.2 (b): Relative PPP: 
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The third group is made up of a number of Asian countries which are represented in Figure 7.2 (c). Each country experiences a turbulent period which is followed a period characterized by movement along the zero line. Hong Kong experiences its turbulent period during ‘89/90, China and Singapore ‘94/95, and Malaysia, Taiwan and Thailand in ‘97/98. For China, Malaysia, Taiwan and Thailand strong devaluations of the national currency occur. Hong Kong experienced a fall in relative prices, whereas Singapore and South Korea are characterized by a rise in the relative price levels, but experience opposite movements in currency value. In general it seems that the turbulence in the relative PPP was caused by strong devaluations during the financial crises that struck Asia during this period. Importantly it seems that the countries have obtained level of stability after the disturbance. 
Figure 7.2 (c): Relative PPP: 
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Figure 7.1 (c) shows that China (0.45), Malaysia (0.48), Singapore (1.6), South Korea (0.9) and Thailand (0.5) float around stabile real BM exchange rates after the disturbance. Absolute PPP still does not hold in this period, but relative PPP does hold roughly implying that deviations from absolute PPP are being held constant by the interaction of the inflation differentials and exchange rate movements. 
Figure 7.2 (d): Relative PPP: 
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Finally, in Figure 7.2 (d) the grouping of EU member states shows no evidence in favor of relative PPP. This is in contrast to the evidence in favor of absolute PPP found in section 6 in which downward trends in the relative price levels are coupled with devaluations. The deviations from the zero line are large and volatile. This volatility in relative PPP may be the adjustment necessary to bring about absolute PPP. Some evidence for this in found in Figure 7.1 (d) wherein the real BM exchange rates for a number of countries tends to move towards one just before transition. All countries except for Italy, which overshoots and sees its real BM exchange rate fall under 1, finish with rates between 1.1 and 0.9.  

The evidence presented above is not very convincing. Though movement along the zero line is visible, deviations from relative PPP are in general substantial and volatile. Deviations per annum are unsurprising, but one does except there to be a trend of declining deviations over a longer period. Some evidence is found supporting the idea of stabile real exchange rates for some countries. However, this evidence needs a longer time period to gain real value. Short-term and long-term, the Big Mac seems to provide limited evidence in favor of PPP except for the odd few exceptions. 

8 Predicting Currency Movements

The simple appeal of the Big Mac Index is its suggestion that currencies are overvalued or undervalued. Based on these valuations a currency may adjust in an effort to move towards parity. If this were to be the case, we could use valuations to predict future currency movements.

Examining the predictive capabilities of the Big Mac Index can be done by using the following regression
:
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This formulation follows Lutz (2001) and Cumby (1997). The regression estimates the relationship between the real BM exchange rate (Rbm,t) and the actual nominal exchange rates. The left hand side of the regression represents the percentage change in the actual exchange rate with a time difference of j. The interaction between actual exchange rates and relative price levels, is then estimated in the regression by using Rbm,t. A currency is either overvalued, undervalued or at its Big Mac parity level at time t. We want to discover if the valuation leads to a related movement in the future exchange rate. For deviations to have predictive capabilities, we need to find that ψ ≠ 0. The coefficient, ψ, can take on values from -1 to 1. Hopefully a currency that is overvalued, meaning lnRt  > 0, will respond in the future by depreciating its value relative to the US dollar. On the other hand, an undervalued currency, lnRt < 0, should adjust by appreciating in value causing the actual exchange rate to fall. The parity case occurs when lnRt = 0. The value of ψ shows if the depreciation or appreciation of the currency is proportional to the deviations.

A point needs to be made concerning how the reversion back to relative parity takes place. The process could take place by the adjustment of the relative price levels or by adjustment of the actual nominal exchange rate. In this section I will use the later mechanism, because exchange rates tend to change with a higher frequency than prices. Prices tend to be rigid in the short-term and take time to adjust in the economy.

In the sample each country is individually examined to see if the coefficients 
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 are substantial and significant
. Firstly we calculate the regression with a one year-period difference, Et+1, using the US dollar as base currency. Table 8.1 shows that only six of the 31 countries have significant coefficients using a 10% probability
. The size of the coefficient is in most cases to small to indicate a relationship between relative price levels and future actual exchange rates.

However, if we expand the time period to two years, Et+2, the results improve. Of the 31 countries 16 countries now have significant coefficients 
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 using a 10% probability. Another six countries fall under the 20% level. Furthermore, of all countries, 24 countries show higher coefficient probabilities associated with higher coefficient values. It seems that exchange rates do respond in a corrective manner to relative price differences, given we lengthen the time period. The average of the coefficients in the one-year forecast is 0.270 (p-value 0.348), whereas it is 0.552 (p-value 0.208) when using a two-year forecast. The coefficients in the forecasts are large enough to provide useful information concerning the direction and size of exchange rates changes over a two year period. 

Of course, exchange rates are influenced by a lot more than only prices, for example interest rates. But the simple BM seems to provide some degree of information in determining the direction of currency movements over a two-year period.

Table 8.1: Big Mac predictions

	
	US Dollar
	
	Euro

	
	one year
	two year
	
	one year
	two year

	country
	N
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	p-value

	Argentina
	15
	0.047630
	0.7866
	14
	0.060431
	0.8014
	
	7
	0.477130
	0.2187
	6
	1.032.840
	0.0012

	Australia
	20
	0.224620
	0.2254
	19
	0.488750
	0.0932
	
	8
	1.106.538
	0.6370
	7
	2.144.684
	0.4366

	Belgium
	11
	0.131190
	0.1312
	10
	0.551884
	0.0830
	
	
	
	
	
	
	

	Brazil
	12
	0.466981
	0.0752
	11
	0.611761
	0.0549
	
	8
	0.150627
	0.7233
	7
	0.890960
	0.1777

	Britain
	20
	0.384527
	0.0812
	19
	0.546883
	0.0187
	
	8
	0.101061
	0.6398
	7
	0.212340
	0.2607

	Canada
	20
	0.125350
	0.4009
	19
	0.489971
	0.0741
	
	8
	-0.107926
	0.6093
	7
	-1.069.962
	0.4124

	Chile
	13
	0.339389
	0.0360
	12
	0.723637
	0.0076
	
	8
	0.345941
	0.1740
	7
	0.660705
	0.0376

	China
	15
	0.882640
	0.0000
	14
	1.208.753
	0.0006
	
	7
	0.226994
	0.3358
	6
	0.427120
	0.0165

	Czech Republic
	13
	0.378522
	0.1897
	12
	0.693693
	0.1135
	
	7
	0.410480
	0.1445
	6
	0.895615
	0.0293

	Denmark
	20
	0.096642
	0.5157
	19
	0.319123
	0.0880
	
	8
	0.004398
	0.8133
	7
	0.005074
	0.8556

	Euro area
	8
	0.067025
	0.8208
	7
	0.371491
	0.4391
	
	
	
	
	
	
	

	France
	14
	-0.168279
	0.4281
	13
	-0.141988
	0.6354
	
	
	
	
	
	
	

	Germany
	14
	-0.005224
	0.9840
	13
	0.315337
	0.3654
	
	
	
	
	
	
	

	Hong Kong
	20
	0.014756
	0.1700
	19
	0.010457
	0.3669
	
	8
	0.129828
	0.6139
	7
	0.358237
	0.3497

	Hungary
	16
	-0.172592
	0.2904
	15
	-0.059712
	0.8570
	
	8
	-0.040363
	0.7634
	7
	0.080925
	0.5990

	Italy
	14
	-0.029548
	0.8607
	13
	0.057992
	0.8253
	
	
	
	
	
	
	

	Japan
	20
	0.021712
	0.8489
	19
	0.161693
	0.3408
	
	8
	-0.056629
	0.7822
	7
	0.003947
	0.9850

	Malaysia
	14
	0.309132
	0.1751
	13
	0.655851
	0.0416
	
	8
	0.145542
	0.5346
	7
	0.385218
	0.3110

	Mexico
	14
	1.038.179
	0.0171
	13
	1.528.404
	0.0149
	
	8
	0.087094
	0.7877
	7
	0.327750
	0.5438

	Netherlands
	12
	0.092484
	0.7854
	11
	0.643198
	0.1360
	
	
	
	
	
	
	

	New Zealand
	12
	0.148261
	0.6283
	11
	0.439887
	0.3104
	
	8
	0.298222
	0.5934
	7
	0.292690
	0.6416

	Poland
	12
	1.145.497
	0.0033
	11
	1.235.210
	0.0085
	
	8
	0.550360
	0.0724
	7
	1.196.365
	0.0076

	Russia
	17
	0.750930
	0.3486
	16
	1.914.131
	0.1347
	
	8
	0.181478
	0.3672
	7
	0.390904
	0.1901

	Singapore
	18
	0.336137
	0.1027
	17
	0.228952
	0.1919
	
	8
	0.134327
	0.5880
	7
	0.361537
	0.2224

	South Africa
	11
	0.280166
	0.3092
	10
	0.651866
	0.1257
	
	8
	0.500049
	0.1905
	7
	0.696810
	0.2217

	South Korea
	17
	0.290876
	0.1376
	16
	0.634278
	0.0236
	
	8
	0.248970
	0.2965
	7
	0.359827
	0.1403

	Spain
	12
	0.119594
	0.6622
	11
	0.680533
	0.1095
	
	
	
	
	
	
	

	Sweden
	20
	0.108755
	0.3933
	19
	0.366256
	0.0403
	
	8
	0.114850
	0.7238
	7
	0.228960
	0.4651

	Switzerland
	14
	0.360389
	0.1560
	13
	0.749500
	0.0448
	
	8
	-0.068996
	0.6452
	7
	-0.079038
	0.7550

	Taiwan
	13
	0.226515
	0.1236
	12
	0.541786
	0.0066
	
	8
	0.044159
	0.8631
	7
	0.204350
	0.5274

	Thailand
	14
	0.342990
	0.1010
	13
	0.426083
	0.0937
	
	8
	0.309867
	0.2841
	7
	0.502629
	0.0392


Notes: (1) N stands for the number of observations

           (2) Sample period US Dollar 1987 - 2007 

           (3) Sample period Euro 1999 – 2007

           (4) P-value calculated for coefficient equal to zero

9 Euro versus US dollar

 So far all calculations have been made by using the US dollar as base currency. The US dollar has however come under scrutiny since the arrival of the Euro and the emergence of strong economic forces in Asia. Its position as the only major world wide currency may be under threat. Therefore, it may be interesting to see if using the Euro as base currency yields different results. 

Table 9.1 shows the valuations made when calculating absolute purchasing power parity using the Euro as base. The used data set is smaller than the one used for the US dollar since the Euro was only introduced in 1999. Of the 222 observations only 13.5% fall in the 10% interval and 6.3% in the 5% interval. These results are similar to those when using the US dollar, respectively 13.7% and 6.7%.  

Table 9.2 reveals the general valuations over the entire sample period and shows that in general the valuations coincide with those using the US dollar as base currency. However, Britain is no longer typically overvalued and Canada seems to be in a transitory phase. Most countries are undervalued in relation to the Euro, with only Denmark, Sweden and Switzerland being overvalued. Notable is that the deviations are stronger when using the Euro as base currency, especially in the last few years as the Euro has strengthened and the dollar weakened.

Does the Euro perform better when used as a base currency during currency predictions? The data is limited to a relatively small time period, leaving mostly eight observations to work with. However, the Euro data reveals a similar pattern to the US dollar calculations in Section 8. The two-year period difference tends to improve the significance of the coefficient and its size in most cases.

The coefficient (
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) for the two-year period is 0.364 (p-value 0.339), improving on the one-year forecast values for 
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of 0.182 (p-value 0.512). In general the results are not as pervasive as the US dollar results. The small size of the sample affects the data but through time the effectiveness of the forecasts should improve. 

Table 9.1: Absolute purchasing power parity (Euro as base currency)

	
	Under/over - valuation per year

	Country
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007

	Argentina
	 
	4
	8
	-69
	-54
	-59
	-61
	-40
	-56

	Australia
	-35
	-35
	-34
	-32
	-37
	-35
	-39
	-33
	-31

	Brazil
	-13
	-32
	-32
	-35
	-51
	-50
	-44
	-17
	-18

	Britain
	15
	26
	24
	22
	6
	6
	-14
	-5
	-4

	Canada
	-21
	-24
	-17
	-21
	-19
	-24
	-18
	7
	21

	Chile
	-4
	2
	-10
	-12
	-36
	-39
	-38
	-21
	-29

	China
	 
	-50
	-48
	-58
	-60
	-66
	-70
	-64
	-66

	Czech Republic
	 
	-41
	-37
	-30
	-34
	-43
	-42
	-29
	-38

	Denmark
	32
	30
	29
	25
	38
	21
	16
	27
	22

	Hong Kong
	-51
	-45
	-41
	-39
	-50
	-58
	-63
	-47
	-63

	Hungary
	-53
	-49
	-42
	-29
	-26
	-31
	-34
	-27
	-20

	Japan
	-8
	17
	4
	-15
	-27
	-34
	-43
	-40
	-43

	Malaysia
	-82
	-80
	-79
	-77
	-84
	-88
	-89
	-86
	-88

	Mexico
	-20
	-8
	1
	-3
	3
	-33
	-34
	-28
	-37

	New Zealand
	-30
	-29
	-36
	-26
	-26
	-25
	-22
	-22
	-17

	Poland
	-49
	-46
	-27
	-28
	-45
	-57
	-52
	-43
	-40

	Russia
	-50
	-42
	-48
	-48
	-56
	-60
	-64
	-52
	-51

	Singapore
	-30
	-21
	-21
	-23
	-37
	-47
	-47
	-38
	-37

	South Africa
	-47
	-44
	-49
	-63
	-38
	-50
	-45
	-36
	-47

	South Korea
	-6
	14
	-1
	1
	-9
	-24
	-40
	-27
	-25

	Sweden
	7
	14
	2
	6
	21
	7
	6
	20
	17

	Switzerland
	46
	47
	60
	61
	54
	32
	27
	36
	25

	Taiwan
	-20
	-86
	-8
	-15
	-32
	-38
	-43
	-36
	-46

	Thailand
	-48
	-39
	-48
	-46
	-53
	-59
	-63
	-57
	-54

	US
	-9
	5
	10
	5
	-9
	-21
	-26
	-15
	-18


Note: (1) Sample period 1999 – 2007

Interesting is the fact that the BMI calculates that the dollar has been undervalued since 2003. It predicts that the US Dollar should in the near future start appreciating in value, or that the relative price should increase. The 2007 PPP exchange rate according to the BM is 1.114379. This is an appreciation of almost 22% in relation to the 2007 nominal exchange rate value. This forms a contrast to the recent trend of the dollar losing its value. 

Table 9.2: Valuations using Euro as base currency (1999 – 2007)

	Undervalued

Ebm < E
	Overvalued

Ebm > E
	Transitory

Ebm ≈ E

	Argentina
	Denmark
	Britain

	Australia
	Sweden
	Canada

	Brazil
	Switzerland
	

	Chile
	
	

	China
	
	

	Czech Republic
	
	

	Hong Kong
	
	

	Hungary
	
	

	Japan
	
	

	Malaysia
	
	

	Mexico
	
	

	New Zealand
	
	

	Poland
	
	

	Russia
	
	

	Singapore
	
	

	South Africa
	
	

	Taiwan
	
	

	Thailand
	
	


Note: (1) Table summarizes the valuation for each country over the entire sample period

10 Discussion

The BMI’s appeal is that it is a straightforward measure that provides insight into today’s complicated currency markets. This paper set out to uncover if the Big Mac Index provides us with any useful practical information. 

The paper started with a look at the theory behind the BMI, namely the law of one price and purchasing power parity. Absolute PPP states that a good should sell for an equal price once converted to a common currency. Little evidence in favor of absolute PPP is found when using the BMI. Deviations from parity are large and seem to maintain their value throughout the sample period. The basis of the theory of purchasing power parity is formed by the law of one price. The BMI uses the BM as an example of this good and shows that LOP fails to hold. The good is reasonably similar in most countries, but not always exactly identical. An important difference is the country specific value attached to the burger. People attach different social values to the burger. The theory also abstracts from reality, since we need to account for transport costs, transaction costs and other non-traded elements. Highly liquid goods such as gold, which show more signs of full arbitrage in different markets, are hard to find. This is because the prefect world, as the theory requires, does not exist. People do not have access to all information and acting on the information takes time. The theory is not wrong; people are always in search of opportunities to exploit price differentials. It is just that the world we live in is complex.

Relaxing the strict conditions of absolute PPP allows us to look for evidence in favor of relative PPP. Relative PPP allows deviations from parity, but argues that the deviations are maintained at a certain level through the interaction of inflation differentials and actual exchange rate changes. Little evidence is found supporting relative PPP with the ‘PPP differential’ often being large and maintained throughout the sample period. The differential does however seem to centre along the zero line hinting at a weak form of relative PPP. More evidence in favor of this trend is found by observing the real BM exchange rate. Some countries show signs of reverting back to a mean real BM exchange rate. 

The main allure of the BMI is its valuation of currencies. Labeling a currency as undervalued or overvalued provides (in theory) a hint as to which direction the actual exchange rate will move in the future as it adjusts towards parity levels. Performing a simple regression on past real BM exchange rates was done to predict currency movements. Extending the predictive span of the regression from one to two years steadily improved the significance and size of the real BM exchange rate coefficient.

The emergence of the Euro has raised interesting questions surrounding the dominance of the US dollar as the world’s only major currency. The fall in value of the dollar relative to the Euro makes one wonder if the Euro would be a better choice as base currency in PPP calculations. Valuations of currencies were made using both currencies as a base currency. It seems as if both currencies yield similar results and no real distinction between the two can be made. 

The lack of empirical evidence validating absolute and relative PPP makes the decision to use the theory of PPP to value currencies and predict their movements an interesting one. Why do people persist to use the BMI if there is only vague evidence confirming its theoretical validity? It is because the BM performs rather well at times for such a simple measure. It can provide insight into the complicated world of the currency markets, even though it is not always correct in its predictions. To illustrate a comparison can be made between actual currency values and predictions based on Big Mac valuations. In Table 10.2 the values of the actual exchange rates in 2007 and forecasted values for 2007 are presented using both the US Dollar and Euro as base currency. Section 8 shows that the regression with a two-year period between exchange rates yields more significant coefficients, so we will use this regression to forecast the 2007 exchange rates. The data from 2005 is placed in Equation 10.2 to obtain the forecasted exchange rates in 2007. 
The results show that the Euro performs better than the Dollar. Not only are the predicted exchange rates closer to their actual rates, but the direction of currency movements are more often correct. The Euro seems to perform remarkably well for Australia, Britain, China, Denmark, New Zealand, Russia, Singapore and Sweden.
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adjust regression to obtain forecast values
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Finally, I would like to make a prediction of currency values in 2008 based on Big Mac parity using both the US Dollar and Euro as base currency. Once again the regression incorporating a two year gap, t+2, between the actual exchange rates is used. The forecast values of the actual exchange rates for 2008 are obtained from the actual exchange rates in 2006 as well as the real BM exchange rates in 2006. The values are then put into Equation 10.2 and then the antilog is applied to obtain the forecast values presented in Table 10.2. Time will tell if these predictions come true and the BM provides us with insight into the currency markets of 2008.

Table 10.2: Forecasts and actual exchange rates based on two-year regression using alternatively the Dollar and Euro as base currency                             (
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	country
	FE 2007 Dollar
	E 2007 Dollar
	FE 2007 Euro
	E 2007 Euro
	
	FE 2008 Dollar
	FE 2008 Euro

	Argentina
	3,30
	3,09
	4,39
	4,21
	
	3,55
	7,63

	Australia
	1,33
	1,17
	1,64
	1,63
	
	1,35
	1,69

	Brazil
	2,64
	1,91
	3,39
	2,76
	
	2,64
	3,84

	Britain
	0,57
	0,5
	0,66
	0,68
	
	0,57
	0,69

	Canada
	1,22
	1,05
	1,42
	1,52
	
	1,20
	0,75

	Chile
	562,45
	527
	707,07
	719,23
	
	560,28
	738,42

	China
	7,28
	7,6
	10,46
	10,47
	
	7,21
	10,38

	Czech Republic
	24,25
	21,1
	26,47
	28,03
	
	24,44
	29,68

	Denmark
	5,58
	5,46
	7,45
	7,45
	
	5,64
	7,46

	Euro area
	0,77
	0,75
	 
	 
	
	0,75
	 

	Hong Kong
	7,79
	7,82
	9,81
	10,59
	
	7,75
	9,78

	Hungary
	212,98
	180
	251,03
	245,13
	
	228,67
	265,59

	Japan
	98,13
	122
	149,49
	160,91
	
	102,49
	154,81

	Malaysia
	3,59
	3,43
	4,78
	4,64
	
	5,10
	8,93

	Mexico
	12,33
	10,8
	14,88
	14,96
	
	12,62
	14,62

	New Zealand
	1,54
	1,28
	1,81
	1,82
	
	1,69
	1,98

	Poland
	3,63
	2,75
	3,65
	3,78
	
	3,60
	4,12

	Russia
	22,48
	25,6
	35,04
	34,96
	
	29,03
	36,89

	Singapore
	1,58
	1,52
	2,05
	2,05
	
	1,53
	2,01

	South Africa
	7,76
	6,97
	8,93
	9,55
	
	7,92
	9,33

	South Korea
	870,15
	923
	1143,12
	1255,58
	
	847,28
	1100,56

	Sweden
	7,18
	6,79
	9,30
	9,20
	
	7,48
	9,78

	Switzerland
	1,18
	1,21
	1,57
	1,64
	
	1,18
	1,59

	Taiwan
	30,54
	32,8
	58,84
	43,98
	
	30,57
	41,94

	Thailand
	37,29
	34,5
	37,84
	45,16
	
	36,50
	47,03

	USA
	 
	 
	1,29
	1,36
	
	 
	1,29


Note: (1) FE = forecasted exchange rate
          (2) E = actual exchange rate at time t

          (3) FE 2007 obtained by using values from 2005

          (4) FE 2008 obtained by using values from 2006
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12 Data appendix

Data is compiled from yearly releases of The Economist and the gaps filled in by using the data file accompanying Pakko & Pollard (2003):

(1) The Economist magazine

Release dates:

· 06/09/86, 17/1/87, 02/04/88, 15/04/89, 05/05/90, 13/04/91, 18/04/92, 17/04/93, 09/04/94, 15/04/95, 27/04/96, 12/04/97, 11/04/98, 03/04/99, 27/04/00, 21/04/01, 25/04/02, 26/04/03, 27/05/04, 09/06/05, 25/05/06, 05/06/07

(2) Pakko M.R. & Pollard P.S. (Nov/Dec 2003), ‘Burgernomics: A Big Mac™ guide to purchasing power parity’, The Federal Reserve Bank of St. Louis

Data taken: domestic BM price, actual nominal exchange rate

· Argentina 1997, 1999

· Australia 1997

· Czech Republic 1999

· South Korea, Spain, Sweden, Switzerland, Taiwan, Thailand 1996

(3) European Central Bank statistical database:


http://www.ecb.europa.eu
· Euro bilateral nominal exchange rates for period 1999 – 2007 matching The Economist release dates.

(4) Regression package: Eviews 4.1 Student Version








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� Exchange rates in this paper refer to actual (nominal) exchange rates, unless stated otherwise


� Regression package: Eviews 4.1 Student Version 


� Coefficient test is carried out under the hypothesis that it is equal to zero.


� P-values smaller than 0.10 lead to rejection of the hypothesis: ψ = 0
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