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Abstract
In this study, we examine whether the monetary-transmission mechanism of exchange rate changes also explains the

finding of the causality relation from exchange rates to fundamentals, which is taken as a validation for the present

value model for exchange rates in a prominent work. To take account of the indirect causality relation between

variables implied by the monetary-transmission mechanism, we apply the method proposed by Dufour and Taamouti

(2010) to estimate the causality and perform the test. We observe that the causality relation from exchanger rates to

UIP and PPP fundamentals could be stronger in the middle horizon than the short and long horizon, which implies the

exchange rate change has inertial effect on the fundamentals. However, the effect is not statistically significant, which

implies that the role of the exchange rate may not be so important as to influence the monetary policy rule.
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1. Introduction 
In Engel and West (2005), the authors uncover the causality relationship from exchange rates 

to fundamentals. This finding is taken as a validation for the present-value model of the 

exchange rate, which implies that the exchange rate reflects the market’s expectations of 
future monetary policy difference between home and foreign countries, and helps resolve the 

long-lasting puzzle since Meese and Rogoff (1983). 

While the causality from exchange rates to fundamental is an implication of the 

present value model for exchange rates, the present value model is not the only model that 

implies the causality relation. As argued in Taylor (2001), the monetary authority may react 

to the exchange rate change indirectly via other macroeconomic variables such as inflation 

and real output even though the exchange rate does not plays an important role in the interest 

rate rule. To see this, an appreciation of the home currency can lower the relative inflation 

rate and the relative real GDP across countries by expenditure-switching. If the price 

increment of imported goods is later than the appreciation of the home currency for more 

than one period, the effects of exchange rate changes on the relative output, the relative 

inflation, and thus the relative interest rate would take place with more lags. That is, there is 

inertia in the monetary-transmission mechanism due to an exchange rate change (Taylor, 

2001). The goal of this study is to examine that whether there is causality relation from 

exchange rates to fundamentals at longer forecasting horizons after taking account of the 

inertia effect of the exchange-rate transmission. 

The original concept of causality introduced by Wiener (1956) and Granger (1969) is 

defined to make the one-period-ahead prediction, and does not consider the causality relation 

in the presence of the auxiliary variable, such as the variables in the monetary transmission 

described above.
1
 Moreover, traditional causality tests only provide evidence on the presence 

or the absence of causality, but a large causality effect may not be statistically significant, and 

a statistically significant effect may not be large from an economic viewpoint or relevant for 

decision making. Hence, we apply the method recently proposed by Dufour and Taamouti 

(2010), which enables us to measure the indirect causality relation and examine the 

significance of the causality measure from exchange rates to macroeconomic fundamentals at 

the same time. 

Our empirical results show that, after taking the monetary transmission of exchange 

rate changes into account, we observe that the causality measure for the relation from 

exchange rates to PPP fundamental and UIP fundamental shows a hump shape across the 

short to middle horizons in many sample countries, but the estimate are not statistically 

significant. It implies that the effect of exchange rate changes may pass through the relative 

price level across countries and the relative interest rate, but the effect may not be strong 

enough to influence the monetary policy. In addition, the indirect causality from exchange 

rates to the money-income difference across countries, that is the monetary fundamental, is 

not significant neither at short nor longer horizons. Almost none of the sample countries 

show the hump-shaped relation. Hence, the causality relation from exchange rates to 

monetary fundamentals is very weak even though the monetary transmission is taken into 

account. 

The remainder of this study proceeds as follows. Section 2 introduces the relationship 

between exchange rates and fundamentals. Section 3 presents the econometric model and the 

estimation procedures used in this paper. Section 4 and 5 illustrates the data and empirical 

results, respectively. Section 6 provides the conclusion.  

                                                 

1
 While many methods have been proposed to explore the causality relation between variables (e.g. Lütkepohl, 

1993; Geweke, 1982; Yamada and Toda, 1998, etc.), none of them specifically discussed the causality relation 

between variables in the presence of the auxiliary vector. 



 

 

 

2. Exchange rates and fundamentals 

We choose the following commonly-used specifications for fundamentals and provide 

the intuition implied by the monetary-transmission mechanism from an exchange rate change.  

 

(i) Purchasing power parity (PPP) fundamentals: �௧ = �௧ − �௧∗ 

where �௧ denotes the fundamental variable for the exchange rate, and �௧ denotes the price 

level. The asterisk represents the variable of the foreign country. An appreciation of the home 

currency can lower the relative output and price across countries. The decline in the relative 

output may also lower the relative price.  

(ii) Uncovered interest rate parity (UIP) fundamentals: �௧ = ݅௧ − ݅௧∗ 

where ݅௧ is the short-run interest rate. If the interest-rate rule in both of the countries reacts 

to the output and inflation rate, an appreciation of the home currency will reduce the interest 

rate difference across countries. 

(iii) Monetary fundamentals: �௧ = ሺ�௧ − �௧∗ሻ − �ሺݕ௧ −  ௧∗ሻݕ

where �௧ is the monetary aggregate, ݕ௧ is the output level, and � is the income elasticity 

of money demand. The monetary fundamental is derived based on the monetary model of 

exchange rates.
2
 We follow Mark’s (1995) specification and assume that the income 

elasticity of money demand equals one. An appreciation of the home currency lowers the 

relative output and price level across countries, and this may in turn increase the monetary 

aggregate fundamental. Therefore, an appreciation may increase the monetary fundamental. 

To sum up, in the presence of the monetary-transmission mechanism, changes in the 

exchange rate may cause changes in one macroeconomic fundamental, and the fundamental 

may affect other fundamentals. That is, the fundamental variable becomes an auxiliary 

variable in the causality relation from exchange rates to fundamentals. Table 1 summarizes 

the auxiliary variables for each model introduced above.  

 

3. Econometric Model 

The standard Granger (non-)causality test introduced by Granger (1969) is defined in terms 

of predictability one period ahead. It fails to provide the information of the causality relation 

at the horizon larger than one and the indirect causality relation implied by the inertial effect 

caused by exchange rate changes. We employ the estimator of the causality measure 

proposed by Dufour and Taamouti (2010), which considers the auxiliary variable helping 

                                                 

2
 See Mark (1995) for how to derive the relation between exchange rates and monetary fundamental based on 

the monetary model.  

Table 1 The fundamental and its auxiliary vector in the causality test 

Fundamental Variables in the auxiliary vector (��) �௧ = �௧ − �௧∗ �� = [Δሺݕ௧ − ௧∗ሻ] �௧ݕ = ݅௧ − ݅௧∗ �� = [Δሺݕ௧ − ,௧∗ሻݕ Δሺ�௧ − �௧∗ሻ] �௧ = ሺ�௧ − �௧∗ሻ − ሺݕ௧ − �� ௧∗ሻݕ = [Δሺݕ௧ − ,௧∗ሻݕ Δሺ�௧ − �௧∗ሻ] 
Notes: The definitions of the fundamentals are defined in Section 2. 



 

 

transmit the causality from one variable to another in the causality test and allows us to 

quantify the indirect causality at any horizon h.  

We firstly set up the VAR model to compute the causality measure at horizon h and 

perform the non-causality test for the relation from exchange rates to fundamentals. Let �௧ 

denote the exchange rate variable, �௧ denote the fundamental variable of interest, and ݖ௧ 

denote the auxiliary vector. As shown in Table 1, the auxiliary variables in vector ݖ௧ may 

differ according to the causality relation of interest. The VAR model for the unconstrained 

model takes a standard form as: 

(1)  [�௧�௧ݖ௧] = ∑ [�ଵଵ �ଵଶ �ଵଷ�ଶଵ �ଶଶ �ଶଷ�ଷଵ �ଷଶ �ଷଷ]�
=ଵ [�௧−�௧−ݖ௧−] + [��,௧�௦,௧��,௧] 

where p is the lag length of VAR model, and which is selected by the Akaike information 

criterion (AIC). We estimate the parameter matrix, denoted by Φ̂, with the ordinary least 

squares (OLS) method and compute the variance-covariance of residuals, denoted by ∑̂௨, for 

the unconstrained model. 

In the constrained model, the exchange rate does not cause the fundamental. Thus, the 

VAR model excludes the exchange rate variable and takes the form: 

(2)  [�௧ݖ௧] = ∑ [�ଵଵ �ଵଶ�ଶଵ �ଶଶ]�
=ଵ [�௧−ݖ௧−] + [��,௧�௦,௧] 

Similarly, we obtain the coefficient matrix, denoted by Φ̃, and the residual covariance, 

denoted by ∑̃�, for the restricted model in the same way as the unconstrained model. 

To quantify the degree of causality at horizon h, we need to calculate the variance-

covariance matrices of forecast errors for both of the constrained and unconstrained model. 

Suppose the unconstrained VAR model is fitted with the lag order k, and there are m 

variables in the unconstrained model. The variance-covariance matrices of forecast errors for 

the unconstrained model are computed using the equation: 

(3)  Σ̂ሺℎሻ = ∑ Ψ̂Σ̂௨Ψ̂′ℎ−ଵ
=  

where Ψ̂ = Φ̂ଵሺሻ
, Φ̂ሺ+ଵሻ = Φ̂+ଵሺሻ + Φ̂ଵሺሻΦ̂ , Φ̂ଵሺଵሻ = Φ̂ଵ , and Φ̂ଵሺሻ = �ܫ  for ݆ ≥ ͳ.

3
 We 

use the same method to calculate the variance-covariance matrix of the constrained forecast 

errors, denoted by Σ̃ሺℎሻ. Last, we quantify the causality measure from exchange rates to 

fundamentals at horizon h by: 

(4)  �̂ ቀ�௧ ℎ→ �௧|ܫቁ = ln [det[ܬΣ̃ሺℎሻܬ′ ]det[ܬଵΣ̂ሺℎሻܬଵ′ ]] 

for ℎ ≥ ͳ,  ܬ = [ͳ  Ͳ] and ܬଵ = [ͳ  Ͳ   Ͳ]. Larger values of the measure indicate larger 

causality. Since the causality measure must be non-negative, we impose the following non-

negativity truncation for the estimates: �̂ ቀ�௧ ℎ→ �௧|ܫቁ = max {�̂ ቀ�௧ ℎ→ �௧|ܫቁ , Ͳ}. 
Under the null hypothesis, the exchange rate does not Granger cause the fundamental at 

horizon h, namely �ሺ� →ℎ ሻܫ|� = Ͳ; under the alternative, the causality measure is greater 

than zero. Hence, if the causality measure is greater than zero at the significance level, it 

implies that there is Granger causality from exchange rates to fundamentals.  

                                                 

3
 See Dufour and Renault (1998), Dufour et al. (2006), and Dufour and Taamouti (2010) for more theoretic 

detail about the long-run causality test. 



 

 

To avoid the small sample problem, we follow the bootstrap algorithm suggested in 

Dufour and Taamouti (2010) to compute the 95% bootstrap confidence interval for the 

causality measure. If the confidence interval covers zero, we accept the null; otherwise, we 

reject it. 

4. Data 

We follow Engel and West (2005) choosing G7 country as the sample country, including 

the United States, Canada, France, Germany, Italy, Japan, and the United Kingdom, and the 

U.S. is the home country. The data source is the International Financial Statistics (IFS) CD-

ROM, and the data comprise quarterly data extending from 1974Q1 to 2008Q4, except for 

the Euro country, in which the data of exchange rates, interest rates and the monetary 

aggregates end in 1998Q4. The exchange rates are the end-of-quarter U.S. dollar per foreign 

currency. The short-run interest rate is the 3-month Treasury bill rate, and price levels are 

measured using the CPI. The monetary aggregate and the output level are seasonally-adjusted. 

All data, except for the interest rate, are converted by taking logs and multiplying by 100.  

Using Dickey-Fuller tests with a constant included, we are generally unable to reject the 

null of a unit root for the exchange rate and all of the fundamental variables, except for the 

UIP fundamental. Thus, we take the first difference for all of the data, except for the interest 

rate, before estimating the VAR model described in Section 3. Given the maximum lag length 

equaling 4, the AIC is minimized at lag order p = 4 for most of the unconstrained model, and 

thus we consider the same order (p = 4) for the constrained model to calculate the causality 

measure. To avoid the small sample problem, we employ the bootstrap technique to compute 

the causality measure and its 95% bootstrap confidence interval for up to 20 forecasting 

horizons. In addition, to improve the performance of the percentile bootstrap intervals, we 

correct the bias directly on the measure itself. 

 

5. Empirical Results 

Figures 1 to 3 illustrate estimates of causality measures and their corresponding 95% 

bootstrap confidence intervals up to 20 horizons. In Figure 1, we see that the causality 

measure from the exchange rate to the PPP fundamental shows a hump shape in the case of 

Figure 1. Causality measures from exchange rates to the PPP fundamental 

 
Note: These figures present measures of causality from exchange rates to the PPP fundamental, �௧ − �௧∗, up 

to 20 quarters. 



 

 

Canada, France, Japan, and the UK. The causality measure is generally greater than zero for 

seven quarters. Specifically, for the case of UK, the estimated causality measure is not 

decaying to zero up to the forecasting horizon of interest. This implies that the output 

difference between countries help transmit the effect of the exchange rate change on the PPP 

fundamental. Nevertheless, when we check for the significance of the estimate of the 

causality measure and perform the non-causality test, we see that the causality measure is 

statistically significant only at one quarter for Germany and one to three quarters for both 

Italy and Japan.  

Figure 2 shows the empirical results for the UIP fundamental. We can also observe that 

the hump-shaped causality relation from exchange rates to fundamental in the first several 

periods in the case of France, Germany, Italy, and Japan. Also, the estimate of the causality 

measure is greater than zero for 20 forecasting horizons in Canada and Japan. This implies 

that the output and price level difference between countries, which are the variables in the 

auxiliary vector in this case, help transmit the effect of exchange rates to the UIP fundamental. 

Similarly, when we check the 95% bootstrap confidence interval, the causality measure is not 

statistically significant in many cases. The estimate is only statistically significant in the case 

of Japan for the first 7 quarters. 

As shown in Figure 3, the hump-shaped causality relation from the exchange rate to the 

monetary fundamental is observed only in the case of Germany. The causality relation is 

significantly greater than zero only at one and two quarters forecasting horizons in Canada 

and at one quarter horizon in France. The result implies that the indirect causality relation is 

not significant from the exchange rate to the monetary fundamental. 

 

6. Conclusion 

The extant finding of the short-run causality relation from exchange rates to 

fundamentals is taken as a validation for the present value model of exchange rates. However, 

the present value model is not the only model that implies the relation. In this article, we are 

interested in whether the monetary-transmission mechanism of exchange rate changes also 

explains the causality relation from exchange rates to fundamentals. Since the traditional 

Figure 2. Causality measures from exchange rates to the UIP fundamental 

 
Note: These figures present measures of causality from exchange rates to the UIP fundamental, ݅௧ − ݅௧∗, up 

to 20 quarters. 



 

 

causality test does not take account of the auxiliary variable in the exchange rate transmission 

process, we apply the method proposed by Dufour and Taamouti (2010). The method allows 

us not only to estimate the indirect causality measure in the presence of auxiliary variables 

but also to perform the non-causality test for long run horizons.  

The empirical results show that, the forecast improvement (causality) from exchange 

rates to PPP fundamental and UIP fundamental can be larger at the middle horizons, but the 

improvement is not statistically significant. It implies that the effect of exchange rate changes 

may pass through the relative price level across countries and the relative interest rate, but the 

effect is not strong enough to influence the monetary policy. That is, while there could be 

inertial effect of the exchange rate change on the monetary policy, the effect is not 

significant. However, for the monetary fundamental, the causality relation does not show a 

hump shape, and the estimates of the causality are not significant, either. Thus, we infer that 

the inertial effect is very weak in the causality relation from exchange rates to the monetary 

fundamental. 

 

  

Figure 3. Causality measures from exchange rates to the monetary fundamental 

 
Note: These figures present measures of causality from exchange rates to the monetary fundamental, ሺ�௧ − �௧∗ሻ − ሺݕ௧ −  .௧∗ሻ, up to 20 quartersݕ



 

 

References 

Dufour, J.-M., D. Pelletier, and E. Renault (2006) “Short Run and Long Run Causality in 

Time Series: Inference,” Journal of Econometrics, 132(2): 337—362. 

Dufour, J.-M. and E. Renault (1998) “Short Run and Long Run Causality in Time Series: 

Theory,” Econometrica, 66(5):1099—1126. 

Dufour, J.-M. and A. Taamouti (2010) “Short and Long Run Causality Measures: Theory and 

Inference,” Journal of Econometrics, 154(1): 42—58. 

Engel, C. and K. D. West (2005) “Exchange Rates and Fundamentals,” Journal of Political 

Economy, 113(3): 485—517. 

Granger, C. W. J. (1969) “Investigating Causal Relations by Econometric Models and Cross-

Spectral Methods,”Econometrica, 37(3): 424—438. 

Geweke, J. (1982) “Measurement of Linear dependence and Feedback Between Multiple 

Time Series,” Journal of American Statistical Association, 77(378), 304—313.  

Lütkepohl, H. (1993) “Testing for Causation Between Two Variables in Higher Dimensional 

VAR Models,” in Studies in Applied Econometrics, ed. by H. Schneeweiss and K. 

Zimmerman. Heidelberg: Springer-Verlag. 

Mark, N. C. (1995) “Exchange Rates and Fundamentals: Evidence on Long-Horizon 

Predictability.” American Economic Review, 85(1): 201—218. 

Meese, R. A. and K. Rogoff (1983) “Empirical Exchange Rate Models of the Seventies: Do 

They Fit Out-of-Sample?” Journal of International Economics, 14(1-2): 3—24. 

Taylor, J. B. (2001) “The Role of the Exchange Rate in Monetary-Policy Rules,” American 

Economic Review, 91(2): 263—267. 

 

 


