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Introduction


In the beginning of this semester, the news on the USA and Japan’s calling for the appreciation of Chinese currency increased my interest in studying the determinants of the value of Chinese currency (RMB). Due to the unavailability of data, however, I decided to focus on the factors that affect the pound-dollar exchange rate instead.  My hope was that this exercise would increase my knowledge on the determinants of the value of a currency, hence enabling me to have a better understanding of the dispute between China and other nations.


The remainder of this paper is organized into four sections. The empirical model and the method of estimation are discussed in Section Two. The third section includes the results of multicollinearity and autocorrelation tests. The fourth section covers estimation results.  A summary of the paper is included in Section Five. 

II. Empirical Model
To investigate the way the above variables affect the value of the dollar, Equation 1 is estimated, using quarterly data during 1987.1-2000.2.  The method of estimation is OLS.
  

ER = f (IMP_IP, EXP_IR, INT, USFE, UKFE, RCPI, LAGFER) + error term


(1)

Where ER measures the pound value of dollar.  The definition of the independent variables of Equation 1 along with the expected signs of the estimated coefficients of these variables is included in Table 1.

TABLE 1:  Definition of Independent Variables, and Expected Sign of Coefficient

	Variables
	Definition
	Expected sign of coefficient

	IMP_IP
	Import of goods and services and income payment

 in millions of dollars
	Negative

	EXP_IR
	Export of goods and services and income receipt 

in millions of dollars
	Positive

	LAGFER
	Lagged forward dollar exchange rate

Pound/Dollar
	Positive

	INT
	U.S. 3-month T-Bill interest rate minus 

U.K. 3-month T-Bill interest rate
	Positive

	UKFE
	U.K. owned foreign exchange 

in billions of dollars
	Positive

	USFE
	U.S. owned foreign exchange 

in billions of dollars
	Negative

	RCPI
	UK Consumer Price Index /US Consumer Price Index
	Positive


In what follows, I will discuss the theoretical reasoning for the inclusion of each independent variable of Equation 1 and justify the expected sign of the estimated coefficient of that variable.  

IMP_IP

Work done by Rosenberg (1996) shows that from 1978 to 1994, the dollar experienced depreciations if there were current account deficits, and the dollar experienced appreciations if there were current account surpluses. Import of goods and services and income payment (IMP_IP), export of goods and services and income receipt (EXP_IR) are main components of the current account. Therefore, they are main factors affecting the value of the dollar exchange rate. Figure 1 shows how IMP_IP affects the dollar value.   

Figure 1: The Effect of an Increase In Imports And/Or Income Payments On the Supply of the Dollar
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As Figure 1 indicates, when there is an increase in the U.S. imported goods and services from the U.K., U.S. importers need to exchange their dollars for pounds. This will increase the supply of the dollar.  Moreover, the supply of the dollar will also increase when the UK owners of US assets attempt to convert their income from dollar to pound.   As a result of a rightward shift in the supply of the dollar, the dollar depreciates.  Therefore, the estimated coefficient of IMP_IP is expected to have a negative sign.

EXP_IR 

The U.S. exports of goods and services plus the income receipts (EXP_IR) are factors affecting the dollar’s exchange rate through the demand side.  Figure 2 shows how these factors affect the pound-dollar exchange rate.

Figure 2: The Effect of an Increase in Exports And/Or Income Receipts On the Demand of the Dollar   
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When the US exports of goods and services to the UK increase or US income from UK assets increase, the US exporters or the US owners of UK assets need to convert their pounds to dollars. This will increase the demand for the dollar resulting in the appreciation of the dollar. Therfore, the expected sign of the coefficient of EXP_IR is positive. 
INT

The variable INT stands for the interest rate on 3-month T-Bills in the US minus the interest rate on 3-month T-Bills in the UK. The interest rate differential plays an important role in the exchange rate determination. As Rosenberg (1996) argues “greater financial integration of the world’s leading capital markets and the increased freedom of capital to flow across national borders has increased the importance of interest rates in the determination of exchange rates.” Since the US bounds and UK bounds are substitutes, an increase in INT will make it more profitable to invest in the US than to invest in the UK, resulting in an increase in capital inflow into the US.  Consequently, the UK residents will demand the dollar.  As shown in Figure 3, this will shift the demand curve for dollar to the right resulting in the appreciation of the dollar. Moreover, an increase of INT will also cause the dollar supply to decrease resulting in dollar appreciation. As Figure 3 illustrates, when INT increases, US residents prefer investing domestically to investing in the UK. Therefore, dollar supply shifts to the left resulting in dollar appreciation. Since the increase of INT will cause dollar appreciation, the sign of INT is expected to be positive.

Figure 3:  The Effect of an Increase of INT On The Demand And Supply of Dollar 
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UKFE

Official intervention is an important factor affecting the exchange rate. As Schwartz (2000) argues “official intervention involves purchases or sales of foreign currencies, usually in the spot market, with the intention to move the exchange rate of the domestic currency vis-à-vis foreign currencies. If the authorities purchase foreign currency, they thereby increase commercial bank reserves and hence domestic money balances, with the intended effect of depreciating the domestic currency. If the authorities sell foreign currency, they thereby reduce commercial bank reserves and hence domestic money balances, with the intended effect of appreciating the domestic currency.” UKFE is a variable representing UK government intervention, which stands for the foreign exchange holdings of UK’s central bank.  Due to the unavailability of data on UK holdings of the US dollar, UKFE is used as a proxy. If the UK government wants to prevent the pound from appreciating against the dollar, it will buy more US dollars. This results in an increase in the demand for the dollar and UKFE.  As Figure 2 shows, when the demand for the dollar increases, the dollar will appreciate.  When the UK government wants to keep the pound from depreciating, it will supply dollars and demand pounds. This results in a decrease in UKFE. As Figure 1 shows, an increase in the supply of the dollar causes the dollar to depreciate against the pound. The above analysis suggests that the UK holdings of foreign exchange (UKFE) affect the value of the dollar (ER) positively.
USFE

The variable USFE captures the effect of the US government intervention on the value of the dollar. This variable measures the amount of US owned foreign exchange. Given the unavailability of data on the US holding of UK pound, USFE is used as a proxy.  If the goal of the US government is to let the dollar depreciate, it will supply dollar and demand pound resulting in an increase in USFE.  As Figure 1 shows, the dollar supply curve will shift to the right, causing dollar depreciation. On the other hand, if the goal of US government is to prevent the dollar from depreciating against the pound, it will demand dollar and supply pound. This act will result in a decrease in USFE. As Figure 2 shows, the dollar demand curve will shift to the right resulting in dollar appreciation. The above analysis concludes that the expected sign of the coefficient of USFE is negative. 

Forward Exchange Rate (LAGFER)

Laurent L. Jacque (1996) argues that forward exchange rate is regarded as a factor affecting the exchange rate in the spot market through speculation. This effect is shown in Figure 5.I. When the dollar’s three-month forward exchange rate is higher than the expected spot rate in three months, the foreign exchange speculators will sell the dollar forward and plan to buy the dollar on spot three months later. This means that the supply of dollar in the forward market will increase to S**, causing the forward exchange rate to decrease, and the demand for the dollar in the future spot market will increase to D1, causing the spot dollar exchange rate to increase. This process continues until the expected future spot rate approaches the current forward rate.  On the other hand, if the three-month forward exchange rate is lower than three–month expected exchange rate in the spot market, the speculators will buy the dollar forward and plan to sell the dollar in the spot market in three months. As Figure 5.II shows, the demand for the dollar in the forward market will increase to D**, causing the forward rate to increase. Three months later, the dollar supply in the spot market will increase to S1, causing the spot dollar depreciation. This process continues until the current forward rate and the expected spot rate approach each other.  This analysis suggests that there is a positive relationship between the value of the dollar in the three-month forward market and the value of the dollar in the future spot market.  In other words, an increase in the three–month forward value of the dollar in quarter t-1 (measured by LAGFER) results in an increase in the spot value of the dollar in quarter t (measured by ER).    

Figure 5.I: The Effect of Forward Dollar Exchange Rate on Spot Dollar Exchange Rate (3-month forward dollar exchange rate higher than expectation) 
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Figure 5.II: The Effect of Forward Dollar Exchange Rate on Spot Dollar Exchange Rate (3-month forward dollar exchange rate lower than expectation)
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RCPI

The purchasing power parity (PPP) theory of exchange rate determination is used by economists to predict the long-run trend in foreign exchange rates. This theory assumes identical goods should trade at the same price across countries when valued in terms of a single currency. Therefore, holding other relevant variable constant, the exchange rate will be determined by the price differential between two countries. In Figure 6, for example, as the ratio of the UK consumer price index to the US consumer price index doubles, the pound value of the dollar doubles. Put differently, ceteris paribus, a decrease in the US prices will result in dollar appreciation.

Figure 6: The Relationship Between PPP and Dollar Exchange Rate
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The variable RCPI is included in the model to capture the effect of price differential on the exchange rate.  Specifically, RCPI measures the ratio of the consumer price index (CPI) in the UK to the CPI in the US.  The base quarter for both CPIs is 1987.1.  The above discussion suggests that the expected sign of the coefficient of RCPI is positive.

III. Empirical Test

Testing for Multicollinearity

Multicollinearity refers to a strong linear relationship among independent variables. In the presence of strong multicollinearity, one cannot assume that while the value of one independent variable changes, the values of other independent variables remain constant. Consequently, the standard errors of estimated coefficients of correlated independent variables increases, resulting in lower t statistics.  This increases the probability of incorrectly accepting the null hypothesis that an independent variable does not have a significant effect on the dependent variable. There are a couple of detection methods for multicollinearity. First, when there are high standard errors and low t statistics for most coefficients while the R-squared is high, we conclude that there is a multicollinearity problem. Second, when an independent variable that is correlated with other independent variables of an equation is dropped from the equation, the t-statistics on the included independent variables increase sharply. A more formal method for detecting multicollinearity is the examination of the correlation coefficients between the independent variables. When the correlation coefficient between any two independent variables is found to be higher than 0.7, then we conclude that there is a multicollinearity problem. Table 2 reports the value of the correlation coefficients between each two pairs of independent variables.
Table 2

Correlation Matrix for the Independent Variables in Equation (1)

	
	EXP_IR
	IMP_IP
	INT
	LAGFER
	RCPI
	UKFE
	USFE

	EXP_IR
	1.0000
	0.9834
	0.6349
	0.1222
	0.6696
	-0.0203
	0.0981

	IMP_IP
	0.9834
	1.0000
	0.6550
	0.1294
	0.6421
	-0.0586
	0.0363

	INT
	0.6349
	0.6550
	1.0000
	0.4280
	0.2489
	0.0971
	-0.2093

	  LAGFER
	0.1222
	0.1294
	0.4280
	1.0000
	0.0219
	-0.2164
	-0.0006

	RCPI
	0.6696
	0.6421
	0.2489
	0.0219
	1.0000
	0.0586
	0.6464

	UKFE
	-0.0203
	-0.0586
	0.0971
	-0.2164
	0.0586
	1.0000
	0.2464

	USFE
	0.0981
	0.0363
	-0.2093
	-0.0006
	0.6464
	0.2464
	1.0000


  Note: Higher than 0.7 correlation coefficients are bolded and underlined

According to Table 2, there is high multicollinearity between import and income payment (IMP_IP) and export and income receipt (EXP_IR). Given that the two variables are theoretically reasonable, none of them can be dropped from the model. Therefore, I will replace EXP_IR and IMP_IP with CACCT (current account balance), where CACCT is equal to EXP_IR minus IMP_IP. An increase in the current account balance will result in the appreciation of the dollar. Therefore the expected sign for CACCT is positive. Fortunately, as Table 3 shows, the variable CACCT is not highly correlated with any of the remaining variables in Equation (1).  Therefore, the multicollinearity problem is solved.

Table 3 

Correlation Matrix for the Independent Variables in

Equation (1) with CACCT Replacing IMP_IP and EXP_IR

	
	CACCT
	INT
	LAGFER
	RCPI
	UKFE
	USFE

	CACCT
	1.0000
	-0.4450
	-0.1020
	-0.2316
	0.1984
	0.2483

	INT
	-0.4450
	1.0000
	0.4280
	0.2489
	0.0971
	-0.2093

	LAGFER
	-0.1020
	0.4280
	1.0000
	0.0219
	-0.2165
	-0.0006

	RCPI
	-0.2316
	0.2489
	0.0219
	1.0000
	0.0587
	0.6465

	UKFE
	0.1984
	0.0971
	-0.2165
	0.0587
	1.0000
	0.2464

	USFE
	0.2483
	-0.2093
	-0.0006
	0.6465
	0.2464
	1.0000


Testing for Autocorrelation
Autocorrelation occurs when the error terms in a regression are correlated with each other. In other words, they are not randomly distributed. There are two types of autocorrelation: pure and impure. The pure autocorrelation will cause unbiased estimates but wrong standard errors. On the other hand, the impure autocorrelation will result in biased estimates and wrong standard errors.

 An autocorrelation among error terms may be positive and negative. A negative autocorrelation occurs when the error terms are negatively related, and a positive error is normally followed by a negative error. A positive autocorrelation occurs when the error terms are positively related. To test for the autocorrelation problem one may follow the Durbin-Watson (DW) procedure. According to the DW procedure, if the DW statistic is less than two, we should test for positive autocorrelation. On the other hand, if the DW statistic is more than two, we suspect a negative autocorrelation. If the DW statistics is equal to two, there is no autocorrelation problem.

Table 4 summarizes the results of the estimation of Equation (1) using the OLS method and the EViews statistical software.

  Table 4

  The Results of the Estimation of Eq (1)

  Time Series Sample (1987.1-2000.2)

  Dependent Variable: ER (pound per dollar)

	Independent Variables
	Coefficient
	T-Statistics

	Intercept
	0.3224
	1.6857

	CACCT
	6.80E-06**
	2.4194

	INT
	0.009***
	4.0038

	LAGFER
	0.5546***
	5.6839

	UKFE
	-0.0003
	-0.4615

	USFE
	0.0005
	0.9602

	RCPI
	-0.0002
	-0.1271

	Adjusted R-squared
	0.6799
	

	Durbin-Watson Stat
	1.7159
	


   Note: **, *** stand for significant at 5% and 1% respectively

Table 4 indicates that the DW statistic is 1.7159, which is less than two. Therefore, we suspect there is a positive autocorrelation problem. At a 5 percent level of significance, with six explanatory variables, and 54 observations, the lower limit of the critical DW is 1.33 and the upper limit of the critical DW is 1.81.  The decision rule is that if the DW statistic is below 1.33, one must suspect a strong positive autocorrelation problem.  On the other hand, if the DW statistic is higher than 1.81, one may conclude that autocorrelation is not a major problem. Our DW statistic (1.7159) is between the lower critical DW statistic (1.33) and the higher critical DW statistic (1.81). Therefore, the DW test for autocorrelation is inconclusive. Given that the DW statistic of the estimated equation (1.7159) is very close to the upper limit of critical DW (1.81), I chose to not consider it a major problem.

IV. Empirical Results

The value of the adjusted R-squared is 0.6799 in Table 4, which means that 67.99 percent of the variation of pound–dollar exchange rate around its mean can be explained by the independent variables. As for the current account balance (CACCT), it shows a positive relationship with the dollar’s exchange rate, which is consistent with theory. At a 95% level of confidence, we can reject the null hypothesis that the coefficient of CACCT is equal or less than zero. Given the small magnitude of the coefficient of CACCT, holding other included variables constant, we cannot find a strong relationship between the current account balance and the exchange rate. 

As for the effect of the interest rate differential (INT) on the exchange rate, at a 1 percent level of significance, I find that INT has a positive effect on the exchange rate.  This finding is consistent with the theory. More specifically, I found that, ceteris paribus, for every percentage point increase in the difference between the US interest rates and the UK interest rates, the pound value of the dollar increases by 0.009. 
As Table 4 indicates, the effect of the lagged pound-dollar forward exchange rate (LAGFER) on the current spot price of the dollar in terms of the pound is positive and significant at the 1 percent level. This is consistent with our expectation on the effect of speculation on the exchange rate.  Our finding shows that, ceteris paribus, as the forward value of the dollar increases by 1 pound, the spot value of the dollar in the following quarter increases by 0.55 pounds.  

As Table 4 shows, this study cannot support the argument that the US holdings of foreign exchange (USFE) and the UK holdings of foreign exchange (UKFE) have a significant effect on the pound/dollar exchange rate. One possible reason may be that the data is not accurate. As we mentioned before, due to the unavailability of UK holdings of the US dollar and the US holdings of the UK pound, the UK holdings of foreign exchange and the US holdings of foreign exchange are used as proxies. Another possible reason might be as Rosenberg (1996) argues, “The major reason for such findings is that intervention operations are typically small relative to the stocks of money and bond held by the private sector and relative to the volume of foreign exchange that changes hands on a daily basis.” 

As Table 4 shows, this study does not show a significant relationship between RCPI (the ratio of the UK consumer price index to the US consumer price index) and the pound value of the dollar.  Recall that the variable RCPI is included in the model to capture the effect of price differential on the exchange rate.  The reason why the coefficient of RCPI is insignificant may be due to the fact that, as Rosenberg (1996) argues, the PPP theory while useful in explaining long-term trends in currency movements, has not been successful in explaining the short and medium-term trends in exchange rate. 

V. Summary

The purpose of this study is to evaluate the effects of different factors on the exchange rate between the currencies of two nations that heavily rely on the market forces to determine the value of their currencies.  My hope is that this study can help me understand how a freely floating exchange rate system is different from a fixed exchange rate system such as the one adapted by China.

 To achieve this goal, the best method is Two-Stage Least Squares (2SLS). However, because it is beyond the scope of this study, the OLS method is used as an alternative to estimate the effect of various factors on the pound value of dollar. After empirical tests, I find, under quarterly basis, no evidence for the purchasing power parity theory of foreign exchange determination. Moreover, my findings show a positive correlation between the US current account balance and the pound value of dollar.  Interest rate differential is also found to have a significant effect on the value of dollar.  Ceteris paribus, as interest rates in the US increase, the value of dollar increases too.  I also find evidence that the value of the dollar depends, in part, on the behavior of speculators in the forward market.   That is, if the forward exchange rate is above the expected future spot rate, the spot rate will increase in the future. This study does not find empirical evidence that the value of the dollar is significantly influenced by the official intervention in the foreign exchange market. Therefore, through this investigation, I can understand that the significant difference between the Chinese foreign exchange system and the US foreign exchange system is the role of official intervention. Currently, the US and Japan are pressuring China to let its currency (RMB) appreciate against other currencies.  Whether or not the appreciation of RMB is going to have a positive impact on the economies of the US, Japan or China is beyond the scope of this study.
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� A better procedure to estimate the demand and supply model is to use simultaneous equations, which is beyond the scope of this study. 





