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Abstract 

This study tries to determine the long-run relationship between macroeconomic variables such as 
interest rates, inflation, money supply, productivities, trade balances and exchange rate of Brazil, 
South Africa, Germany, and the United Kingdom. The study uses monthly data from January 1999 
to December 2016. I use co-integration methods and Granger causality tests to examine the impact 
of the macroeconomic indicators on the exchange rate in the long-run. I find that in the long-run 
the differentials for interest rates, inflation, money supply, and trade balance have a significant 
adverse effect and the productivity differential has a significant positive impact on the Real/Dollar 
rate for Brazil. The study also reveals a significant negative relationship between money supply 
differential and the Rand/Dollar rate for South Africa, while trade balance has a significant positive 
effect on the Rand/Dollar exchange rate in the long-run. I find that trade balance has a negative 
significant impact on the Euro/Dollar in the long-run for Germany. In the long-run differentials 
for inflation and productivity have a significant negative impact, but differentials for the interest 
rates, money supply, and trade balance have a significant positive effect on the Pound/Dollar for 
the United Kingdom. Lastly, I find that the differentials for interest rates for Brazil and money 
supply for South Africa, significantly help to predict the future level of their exchange rates in the 
short-run. However, I do not find any evidence of a short-run relationship between the selected 
macroeconomic variables and the exchange rates for both Germany and the United Kingdom.
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Introduction  

The aim of this study is to investigate the long-run relationship that exists between 

macroeconomic variables such as short-term interests, inflation, money supply, gross domestic 

product (GDP), trade balances and exchange rates of a sample of Emerging and Advanced 

economies. Most research has focused on the impact of macroeconomic variables on the exchange 

rate in Advanced economy countries. Broadening that field of vision, what is the relationship 

between macroeconomic indicators and the exchange rate in a sample of emerging economies? 

The current study is very relevant since it explores the effects in both Emerging and Advanced 

economies. This makes the current research entirely different from the large of previous studies, 

which have mostly focused on advanced economies. In addition, this study employs a different 

statistical approach than earlier studies, which provides more efficient short-run and long-run 

coefficient estimates and avoids the problems of spurious regressions. 

There is substantial empirical literature on this topic that has tried to find the long-run 

impact of interest rates on the exchange rates in Advanced economies. For example, interest parity 

arising from arbitrage would predict that nominal exchange rate movements are influenced by 

interest rate differentials in the short run. Coughlin and Koefijk (1990) also present evidence on 

co-integration for the Mark/Dollar exchange rate. According to Blundell-Wignall and Browne 

(1991), the co-integration is due to the inclusion of the difference in the share of cumulated current 

account relative to the gross national product in the comparable countries. However, despite the 

large body of literature on this issue, no consensus has emerged. Campbell and Clarida (1987) find 

no evidence that the persistence of real interest rate differentials can account for a significant part 

of exchange rate movement. In other words, there is not a substantial body of evidence that can 

explain the relationship between real interest differentials and the changes in exchange rate. In a 

similar study, Edison and Pauls (1993) treat interest rates and exchange rates as stationary and 

used a vector error correction mechanism and conclude that there is weak evidence in favor of co-

integration between exchange rate and interest rate differentials. Beyond the essential perceived 

safety of a country’s currency, numerous factors other than interest rate differentials can impact 

the exchange rate for the currency.  

Under the Purchasing Power Parity (PPP), the change in the exchange rate between two 

countries’ currencies is determined by the difference in their relative home price levels that are 
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affected by inflation. Empirical evidence on the relationship between productivity differential and 

the exchange rate is mixed. Using an Autoregressive Distributed Lag Model (ARDL), Ezirm, C. 

B., Edith AA., and Michael I. M. (2012) find that exchange rate movements and inflation rates in 

Nigeria are co-integrated in both short and long-run. Also, Klan (1989) estimates a vector 

autoregression model and finds evidence that a short-run increase in inflation and real output leads 

to a decrease in value of the dollar; followed by the long-run decrease in output and level of real 

wages. As the inflation differential increases in favor of the home country, that country’s goods 

become more and more expensive. Thus, companies can make money when the value of the 

currency they use to purchase goods rises relative to the currency of the exporting country. 

Conversely, Madura's (2000) research paper presents evidence of no clear long-run relationship 

between exchange rate and inflation differential. According to the author, it is possible to use 

inflation differential for forecasting of exchange rate volatility. This evidence also supports the 

statement of Burda and Wyplosz (2009) that empirically prove that PPP only holds in the long run. 

Previous researchers have analyzed the impact of productivity on the exchange rate in 

different countries and found significant results. The Balassa-Samuelson model shows that 

positive innovations to tradable good productivity lead to increases in the relative price of non-

tradable goods, which cause the exchange rate appreciation. In other terms, a positive relationship 

between the exchange rate and productivity differential is generally considered to reflect the 

Balassa–Samuelson effect. Basically, as the productivity of traded goods rises relative to that of 

nontraded goods, there will be a tendency for the exchange rate to appreciate. Chinn and Johnston 

(1999) see evidence of a long-run relationship between CPI-based real exchange rate (RER) and 

differential productivity as well as between relative prices of non-tradable to tradable goods. The 

authors use OECD set data of total factor productivity in applying co-integration analysis. Their 

result is supported by several papers such as Bailey, Millard, & Wells (2001) who point out that 

an increase in productivity of a country will raise companies' expected profits, which leads to an 

increase in equity prices, which then leads to an increase in investment. The rise in investment will 

attract foreign capital inflows, which will lead to the rise in demand for currency and therefore its 

appreciation.  

Despite the vast amount of literature on the long-run impact of trade balance on the 

exchange rates, economists still do not yet have a common ground. Onafowora (2003) states that 

there is significant evidence of a long-run relationship between trade balance and exchange rate. 
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The author uses Indonesia, Malaysia, and Thailand bilateral trade data with the United States and 

Japan. On the other hand, after using ordinary least square (OLS) and co-integration analyses, 

Rose and Yellen (1989) report no significant results on the long-run relationship between trade 

balance and exchange in the United States. As the literature appears, agreement is far yet to be 

reached among the economists. However, with perfect exchange rate pass-through, we expect TB 

to increase with depreciation. Also, everything else constant, Mundell-Fleming model says that 

higher TB (higher demand for domestic goods) leads to higher demand for Goods and Services 

which leads to higher interest rates and appreciation. 

Some studies have analyzed the impact of money supply on the exchange rate in different 

countries, and they have demonstrated that there is often a positive relationship between them. So 

theoretically, a permanent increase in the domestic country’s money supply relative to foreign 

country causes a depreciation of the domestic’s currency in the long-run. This is due to the fact 

that a rise in money supply reduces interest rates in the home country, follows with a decrease in 

the expected return on home currency investment, which leads to home currency depreciation. 

Alternatively, a permanent decrease in the domestic country’s money supply relative to foreign 

country causes an appreciation of the domestic’s country currency in the long-run. Hushmand, 

Daneshrivar, Oizibash, & Eskandari (2012) investigated the relationship between money supply 

and the foreign exchange in Iran, by applying vector auto-regression model. The results show that 

monetary policy has a positive impact on the exchange rate in the long-run. In other words, a 

decrease in Iranian’s supply of money increases the value of the Rial (Iran’s currency). 

This paper incorporates the differential of macroeconomic variables within two countries 

to capture their effects on the exchange rate movements. The group of countries that I examine 

here have the same primary trading partner, the United States. As such trade with this country has 

the potential to explain a significant portion of the variation in the exchange rate. Moreover, it will 

exhibit the differences in the impact of the macroeconomic variables on the exchange rates of 

emerging and advanced economies toward the US dollar. 

The decision to select these countries is that they all have a free-floating exchange rate 

regimes with open economy systems and the United States is their primary trading partner. In other 

words, their currencies’ value is allowed to fluctuate in response to changes in the US dollar market 

mechanism. Brazil and South Africa are included in the sample because both countries have 
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significant economic growth in South America and Africa, respectively. In addition, both 

economies have encountered a considerable crisis in recent years, are in recovery mode with an 

accurate data available. Finally, Europe has the most number of Advanced economy countries and 

two of the leading countries are Germany and the United Kingdom. Germany has the strongest 

economy due to the fact that the country is Europe's industrial powerhouse, the world's second 

largest exporter, and it has the highest growth in Europe followed by the United Kingdom. Also, 

both countries have the strongest currencies (Euro and Pound) against the US dollar and are the 

leading trading partners of the United States in the continent.  

The results of this research reveal that for Brazil, variables such as interest rate, inflation, 

money supply, and trade balance have a significant negative impact (they contribute to the 

currency depreciation) on the Real/Dollar rate in the long-run. It also shows that in the long-run, 

productivity has a substantial positive relationship with the Real/Dollar. It means that an increase 

productivity increases the value of the domestic currency, an appreciation. In short-run, there is a 

causal relationship running from interest rate to the Real/Dollar. I also find that there exists a 

significant negative correlation between money supply and the exchange rate of South African's 

Rand against the US Dollar in long-run. On the other hand, the results show the meaningful 

existence of a positive association of trade balance with the Rand/Dollar exchange rate in long-

run. And in short-run, money supply produces a significant impact on Rand/Dollar exchange. This 

research finds that in long-run, Euro/Dollar exchange is significantly impacted negatively by trade 

balance between Germany and the United States. In other terms, a decrease in net exports from 

Germany to US causes Euro to depreciate. And in short-run, none of the selected macroeconomic 

variables influences the Euro/Dollar exchange rate. Likewise, for the United Kingdom, there is no 

short-run impact of any of the selected variables on the pound/dollar exchange rate. On the other 

hand, in the long-run, inflation and productivity have a significant negative effect on the 

Pound/Dollar exchange rate, while interest rate, money supply, and trade balance have a positive 

impact on the Pound/Dollar exchange rate. 

The remainder of the paper is organized in the following way: Section 2 introduces the 

selected macroeconomic variables and their association with some of the exchange rate theories. 

Section 3 highlights the data and methodologies used for this study. Section 5 presents the 

empirical findings and analysis of the results. Section 6 offers concluding remarks. 
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Selected Macroeconomic Variables  

To analyze the impact of macroeconomic indicators of Brazil, South Africa, Germany, and 

the United Kingdom on their exchange rates against the US-dollar, I selected the following 

variables: differentials for interest rates, inflation, productivity, money supply, and trade balance.  

It has been found that a macroeconomic fundamental like the interest rates has an impact 

on the exchange rate. The interest rate differential variable in this study is the interest rates, 

Government Securities, Treasury Bills, and it measures the gap between each of the selected 

countries and the United States. This variable is important because a country that is offering a high 

interest rate increases the value of its currency compared to the country offering a lower interest 

rate. As we can see, there exists a relationship between interest rate and exchange rate. According 

to the International Fisher Effect (IFE), expected movements in the nominal exchange rate between 

two trading partners is approximately equal to their nominal interest rates differential. This 

statement supports the Interest Rate Parity (IRP) initiated by Keynes (1923). For example, a 

country with low-interest rate relative to its trading partners will have a low value for the exchange 

rate, while a country with high-interest rate compared to its trading partners will have a high value 

for the exchange rate. This statement is supported by Alex and Ines (2006), and Bergen (2010)'s 

evidence that a rise in domestic country's interest rates relative to foreign interest rate will lead to 

its currency appreciation. Bergen (2010) quotes that there exists a potential association between 

exchange rate and macroeconomic indicators such as inflation differential, interest rate differential, 

current account deficits, political stability, public debts, economic performance, and terms of trade.  

It is also possible to define exchange rate through the Purchasing Power Parity (PPP) 

theory. PPP is a theory which states that the price of a basket of goods in one country should equal 

the price of the same basket in another country, once you account for the exchange rate. It occurs 

through arbitrage, and there is evidence for PPP holding in the long run. It justifies the importance 

of including inflation differential in the macroeconomic variables. Generally, a country that has 

consistently lower inflation displays an appreciated exchange rate, and that is because its 

purchasing power compared to its trading partners rises. Meanwhile, a country with consistent 

higher inflation experiences a depreciated exchange rate and its purchasing power relative to its 

trading partner’s declines. Thus, inflation differential between two trading partners can have a 

substantial impact on their exchange rate. Several studies find that there is a link between price 
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level differential and exchange rate in advanced economies. For example, Stockman (1980), Dong 

and Nam (2001), Duarte and Stockman (2002), Chen and Rogoff (2003) find that inflation 

differential is negatively associated with the exchange rate. In sum, these variables are all linked 

with the economic theories of exchange rate: Interest Rate Parity and Purchasing Power Parity. 

Assessments of the relationship between productivity differentials and the exchange rate 

usually afford a prominent role to the Balassa-Samuelson approach. The Balassa-Samuelson draws 

its conclusion from a comparison of economy productivity differentials between two countries. 

Bahmani-Oskooee and Nasir (2004), using the Autoregressive Distributed Lag cointegration 

methodology, find evidence in favor of Balassa-Samuelsson for a majority of 44 exchange rates 

they examine. However, the authors report that most of the rejections of the Balassa-Samuelson 

theory relate to Developing countries exchange rates. According to Bahmani-Oskooee and Nasir, 

factors such as trade and financial market limitations may reflect on these rejections instead of 

productivity differentials being insignificant determinant of the exchange rate behavior. According 

to Lee and Tang (2007), the statistical significance of evidence in favor of Balassa-Samuelson 

approach depends upon the definition of productivity.  

A large number of empirical studies has examined the effects of money supply and trade 

balance on the exchange rate. Among these studies, Dornbusch (1976) explained how exchange 

rate makes a dynamic adjustment to an expected monetary shock. The author states that an 

unanticipated increase in domestic money supply gives rise to the exchange rate. In other words, 

if home country’s monetary expands relative to the foreign country its currency depreciation. 

Following to Dornbusch’s thought, he advocates that there is negative relationship between 

domestic money supply growth and the exchange rate. Bhundia and Gollschalk (2003) in 

investigating the sources of South African Rand/Dollar movements, find evidence in favor of 

aggregate supply, aggregate demand, and nominal disturbance impact on the exchange rate 

fluctuations. Another factor explaining the movements of the exchange rate is trade balance. This 

variable is important because if a long-run relationship with the exchange rate does exist it is 

necessary to establish whether depreciation is likely to lead to a net improvement of the trade 

balance in the long-run. 
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Data, Modeling, and Methodology 

Data Description 

For the analysis of the relationship between the foreign exchange rates and the 

macroeconomic variables, I use monthly data for the period between January 1999 and December 

2016. The exchange rates are bilateral foreign exchange rates against the U.S. dollar, designated 

as the "foreign country", the short-term interest rates (T-Bills), the Consumer Price Index (CPI) or 

inflation, the money supply, and total industry productivity are retrieved from the Federal Reserve 

Bank of St. Louis (FRED). The trade balance is retrieved from the US Census Bureau. As units 

wise, the foreign exchange rates are national currency to one dollar, CPI and total industrial 

productivity are in index units with the year 2000 as based year. The trade balance is in millions 

of U.S. dollars on a nominal basis, the T-bills are in percent per annum, and the money supply is 

in national currency. All data are not seasonally adjusted and the differentials were computed as 

the gap between the domestic countries (Brazil. South Africa, Germany, and the United Kingdom) 

and the designated foreign country (US). The choice of these currencies (Euro, Pound, Rand, and 

Real) was influenced by the fact that the US Dollar is the major trading currency in these countries 

and is commonly used in asset valuation across the world. In order to determine whether these 

variables impact the exchange rate in the long run, the first thing to do is to establish the stationarity 

properties of the individual series. Then this allows to state the following hypotheses: 

H01: There is no co-integration among the selected variables 

H02: There is no long-run relationship between the selected variables and exchange rates 

H03: The exchange rate does not Granger cause any of the selected variables and vice 
  versa 

Modeling and Methodology 

The analysis in this paper follows Cheung, Chinn, and Pascual (2005)'s exchange rate 

models with trade balance as an additional variable. The model expresses that the exchange 

between two countries depends on the gap between their interest rates, inflations, money supply, 

productivities, and trade. The following linear equation shows the relation between dependent and 

independent variables: 

Qt = β0 + β1(ι - ι*) + β2(π – π*) + β3(m – m*) + β4(y – y*) + β5tb + ε         (3) 
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where Qt is the bilateral foreign exchange rate, ι, and ι* are respectively domestic and foreign 

country (USA) interest rates, π and π* represent home and foreign inflation levels, m and m* 

denote the money supply of home and foreign countries, y and y* represent the total industrial 

production for home and foreign countries. I am using industrial production as a measure of 

productivity since I am using monthly data, and GDP is quarterly. So tb denotes the trade balance 

or the net exports of the economy with the United States, ε is the error term. As a result, equation 

(3) can be summarized as the following: 

Qt = β0 + β1�̃�𝐢+ β2𝝅𝝅� + β3𝒎𝒎�  + β4𝒚𝒚� + β5tb + ε             (4) 
 

where �̃�𝐢,𝛑𝛑�,𝐦𝐦� , and 𝐲𝐲� respectively denote the differentials for interest rate, inflation, money supply, 
and productivity. 

Since this paper is analyzing time series data, it is essential to check the existence of unit 

root of the variables in equation (4) to avoid the analysis to have serious issues such as spurious 

regressions and errant behavior. Otherwise, the regressions could get high r-squared values even 

if the data is uncorrelated; and also, the analysis may not be valid. In the case of a spurious 

regression, the t-statistics are invalid. Therefore, in order to address this issue, I use Augmented 

Dicker-Fuller (ADF) (1979, 1981) and Phillips-Perron (PP) (1988) tests statistics which are tested 

against the null of a unit root. 

I analyze the co-integration level between these variables. Why do we care about co-

integration? Ignoring its aspect in time series variables may lead to the failure of the standard 

regression analysis. It also leads to spurious regressions that suggest relationships even when there 

are none between the variables. To analyze time series data using co-integration, the series in its 

level should be non-stationary and integrated of order 1, written as I(1). Thus co-integration is 

used to confirm the potential presence of a long-run relationship. So looking at equation (4), we 

can assume that Qt, �̃�𝐢,𝝅𝝅�, 𝒎𝒎� ,𝒚𝒚�, and tb are integrated of order I(d). If there exist β1, β2, β3, β4, and 

β5 such that Qt - β1�̃�𝐢 - β2𝝅𝝅�  - β3𝒎𝒎�  - β4𝒚𝒚� - β5tb = ε ~ I(d) 

𝜺𝜺� = 𝐐𝐐𝐭𝐭 - 𝜷𝜷�0 - 𝜷𝜷�1�̃�𝐢 - 𝜷𝜷�2𝝅𝝅� - 𝜷𝜷�3 𝒎𝒎�  - 𝜷𝜷�4 𝒚𝒚� - 𝜷𝜷�5 tb 

H0: Series are not co-integrated 

If the variables are found to be co-integrated, it means that there exist a linear, stable and long-run 

relationship among the variables. According to Johansen (1991), there are two different test 

statistics for co-integration: the Trace Test which is a joint test of null hypothesis of no co-
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integration (H0: r = 0), and the Maximum Eigenvalue which null hypothesis is the number of co-

integrating vectors is equal to r against the alternative of r+1 co-integrating vectors. The tests 

statistics are determined by the following equations:  

λmax = -N ln(1-𝝀𝝀�r+1) 

     Trace = -N ∑ 𝐥𝐥𝐥𝐥 (𝟏𝟏 − 𝝀𝝀�𝒎𝒎
𝒊𝒊=𝒓𝒓+𝟏𝟏 i) 

where N is the number of observations and λ is the estimated eigenvalue. The co-integration 

technique used in this research was pioneered by Engle and Granger (1987) and extended by 

Johansen and Juselius (1990). 

After establishing any potential co-integration relationships among taken series, Vector 

Error Correction Mechanism (VECM) is used to check the adjustment of changes in variables and 

deviations from the long-run equilibrium. The reason I use VECM is because it allows testing for 

co-integration in the whole system of equations in one step and does not require a specific variable 

to be normalized. 

The next step is to analyze the Granger Causality test. A variable x is said to Granger-cause 

variable y if past values of x help predict the current level of y given all other appropriate 

information. Similarly, if y causes x, then the past value of y can help to predict x. In other words, 

Granger causality is a technique for determining whether one time series (interest rate or inflation 

or money supply or productivity or trade balance) is useful in forecasting exchange rate. According 

to theory, Granger causality between two-time series must exist either in both directions or one-

way if they are co-integrated. In general, the bivariate regressions take the form: xt does not 

Granger causes yt and vice-versa. 

x𝑡𝑡 = 𝜶𝜶𝟎𝟎 +  𝜮𝜮𝐢𝐢=𝟏𝟏𝒏𝒏 𝜶𝜶𝒊𝒊𝒙𝒙𝒕𝒕−𝟏𝟏 + 𝜮𝜮𝐢𝐢=𝟏𝟏𝒏𝒏 𝜹𝜹𝒊𝒊=𝟏𝟏𝒚𝒚𝒕𝒕−𝟏𝟏 + 𝜺𝜺𝒕𝒕   (5) 

𝑦𝑦𝑡𝑡 = 𝜷𝜷𝟎𝟎 + 𝜮𝜮𝐢𝐢=𝟏𝟏𝒏𝒏 𝜷𝜷𝒊𝒊𝒚𝒚𝒕𝒕−𝟏𝟏 + 𝜮𝜮𝐢𝐢=𝟏𝟏𝒏𝒏 𝜹𝜹𝒊𝒊=𝟏𝟏𝒙𝒙𝒕𝒕−𝟏𝟏 +  𝜺𝜺𝒕𝒕   (6) 

where t denotes the period for any existing pairs of (x, y) series. The F-statistics are represented 

by the Wald statistics for the joint hypothesis, when              

    H0 = δi = 0 for each equation. ∀i = I, 2, …..n. 
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And the null hypothesis is:           

    for equation (5) x does not Granger-Cause y     

    for equation (6) y does not Granger-Cause x  

If the null hypothesis of Granger-causality is rejected, it means is that one variable helps to forecast 

another.  

Granger-causality may not tell us the complete story about the interactions between the 

variables. Thus, it is essential to know the response of the exchange rates to the shocks of the 

independent variables (differentials for interest rates, inflation, money supply, productivity, and 

trade balance) over time, which is the impulse response function (IRF). The objective of this test 

is to analyze the reaction of the system in response to some external shocks. It is argued in the 

economic literature that the Granger causality approach has some limitations. For that reason, this 

research implemented the variance decomposition (VD) method using vector autoregressive 

(VAR) system to test the strength of the causal relationship between interest rate, inflation, money 

supply, productivity, trade balance and exchange rate in case of Brazil, South Africa, Germany, 

and the United Kingdom. VD explains the fraction of the variation in the dependent variable by 

the exogenous variables at different lags. The reason for analyzing VD is because it determines 

how much of the s-step-ahead forecast error variance of a given variable is explained by innovation 

to each independent variable. In other words, it helps to determine the proportion of variation the 

dependent variable (exchange rate) by each of the independent variables (interest rate, inflation, 

money supply, productivity, and trade balance). 

Empirical Findings and Analysis of the Results 

Unit Root Tests 

If the series feature a unit root, it implies that the series is better characterized as non-

stationary series. Also the forecast variance goes to infinity as the forecast horizon increases, which 

results in serious problems for economic forecasting. Finally, as non-stationary the series suffer 

permanent effects from random shocks. Alternatively, if a series has no unit roots, it is 

characterized as stationary, and therefore exhibits mean reversion in that it fluctuates around a 

constant long-run mean. Also, the absence of unit roots implies that the series have constant 
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variances that do not have time dependency and this is crucial for economic forecasting. As a 

result, the series does not suffer effects from random shocks as the shocks disappear over time. 

Looking at the results in Table 1, I find that for Brazil I cannot reject the null hypothesis 

of a unit root at level on all variables (exchange rate, differentials for interest rate, inflation, money 

supply, productivity, and trade balance) at 5% level significance for ADF and PP tests. For South 

Africa, I cannot reject the null hypothesis for the exchange rate, differentials for interest rate, 

inflation, and money supply for both ADF and PP tests. On the other hand, I do reject the null 

hypothesis for trade balance in both, ADF and PP tests; and differential for productivity for ADF 

test. 

The evidence shows that for Germany I cannot reject the null hypothesis for the exchange 

rate, differentials for inflation, money supply, and productivity for both ADF and PP tests at 5 % 

level significance. Conversely, I do reject the null hypothesis of a unit root of the exchange rate 

and differential for productivity at 5% level significance with ADF and PP, respectively. For the 

United Kingdom, I cannot reject the null hypothesis for both ADF and PP tests on exchange rate, 

differentials for the interest rates, inflation, money supply, and productivity. In contrast, only the 

series of trade balance is stationary at a level for both, ADF and PP tests.  

After determining the status of unit roots of the series at the level, I performed the first 

difference order and so on to find at which level each series is stationary at the 5% significance 

level. The results in table 2 in the appendix show that with PP and ADF tests, all series for Brazil 

and South Africa are stationary at 5% level significance, which depicts that the series of emerging 

and advanced countries appear to be integrated of order one (I(1)). Similarly, for Germany and the 

United Kingdom, all series are stationary with PP test. However, with ADF test series of the 

inflation, money supply, and trade balance for Germany are still non-stationary at 5% significance 

level. Likewise, for the United Kingdom table 2 shows that only the series of inflation is not 

stationary at 5% level significance. For the second-order difference, all series are stationary at 5% 

significance level.  

Co-integration  

The Trace test in table 3 in the appendix shows the existence of 3 co-integration equations 

at 5% significance level for Brazil. These co-integration equations mean that three linear 
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combinations exist between the variables that force these indices to have a relationship over the 

entire 16 years (1999-2016) period. To confirm the results of the Johansen's Trace test, I also 

conducted the Maximum-eigenvalue test. The results displayed in table 3 show that the Maximum-

eigenvalue also has three co-integration equations at 5% significance level. Therefore, the two 

tests confirm the existence of 3 co-integration relationships over the sample period. 

The Trace test in table 4 in the appendix shows the existence of 3 co-integration equations 

at 5 % significance level for South Africa. It means that three linear combinations exist between 

the exchange rate, interest rate, inflation, money supply, productivity, and trade balance and force 

them to have a relationship over the sample period. On the other hand, results for table 4 show that 

for the Maximum-eigenvalue test there exist two co-integration equations at 5% significance level. 

As a result, these two tests are confirming the existence of at least two co-integration relationships 

over the 16 year period.  

From table 5 in the appendix, the results of Trace test show that there are three co-

integration equations at 5% significance level for Germany. It implies that within the variables, 

there exist three linear combinations that force them to have a relationship over the period of 1999 

to 2016. Similarly, the Maximum-Eigenvalue test confirms the existence of 3 co-integration 

equations at 5% significance level. 

 The Trace test for the United Kingdom in table 6 in the appendix shows two co-integration 

equations at 5% significance level. Again, the Maximum-Eigenvalue test confirms the existence 

of two linear combinations of the six macroeconomic variables that force them to have a 

relationship over the sample period. 

As a result, such relationship was expected, as any shock to interest rate impacts capital 

flows, which influences inflation, the quantity of money in circulation, the productivity, the trade 

balance and exchange rate. Thus, these results conclude that in the long-run some of the selected 

macroeconomic variables are co-integrated with the foreign exchange rate and the use of VECM 

allows us to understand how the indices adjust in the 16 year period. 

Vector Error Correction Model (VECM) 

Since there is a presence of at least one co-integration in each equation, we can say that a 

stable long-run relationship does exist. The results for VECM are presented in table 7 in the 
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appendix. Due to the normalization process, the signs are reversed to enable proper interpretation. 

For example, the estimates in the VECM for Brazil are the following: 

𝐐𝐐𝐭𝐭 + 0.0086�̃�𝒊 + 0.0290𝛑𝛑� + 0.0016𝐦𝐦�  – 0.0428𝐲𝐲� + 0.0013Tb – 4.4569 = 0 

which can be written as the following: 

𝐐𝐐𝐭𝐭= 4.4569 - 0.0056�̃�𝒊 - 0.0290𝛑𝛑� - 0.0016𝐦𝐦�  + 0.0428𝐲𝐲� - 0.0013Tb 

The coefficients show how deviations from the long-run relationship affect the changes in the 

variables in the following period.  

The results display in table 7 for Brazil show that the differentials for interest rate, inflation, 

money supply, and the trade balance have a negative relationship with the exchange rate and 

statistically significant at 5% level. On the other hand, productivity has a positive relationship with 

the exchange rate and is statistically significant. We can interpret the coefficients as follows: For 

example, a 1% increase in the home country interest rate with all the other variables being constant 

(inflation, money supply, productivity, and trade balance), leads to a 0.86% depreciation on the 

Real (Brazil's currency) against the US Dollar in the long-run. If Brazil has 1 unit increase in 

productivity with all other variables being constant (differentials for interest rate, inflation, money 

supply, and trade balance), it will lead to a 0.13% appreciation on the Real (Brazil's currency) 

against the US Dollar in the long-run.  

For South Africa, table 7 results show that differential for money supply has a negative 

relationship with the exchange rate and statistically significant at 5% level. This implies that if 

South Africa increases its money supply by one billion Rand, it will lead to less than 0.07% 

depreciation of its currency against the US Dollar exchange rate. On the other hand, differentials 

for interest rate, inflation, productivity, and trade balance have a positive relationship with the 

exchange rate, although only trade balance's t-value indicates significance at the 5% level in the 

co-integration equation. It implies that an increase of South African exportations toward the United 

States by one million dollars, holding other variables constant leads to a 6.5% appreciation of their 

exchange rate in the long-run.  

Table 7 shows that for Germany, differentials for inflation, money supply, productivity, 

and trade balance have a negative relationship with the exchange rate and only trade balance is 

statistically significant at 5% level. In contrast, the interest rate differential has a positive 
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relationship with the exchange rate, but not statistically significant. Since Germany is part of the 

European Union, a change in any of these variables should not be statistically significant because 

the major decisions that can impact the Euro/Dollar exchange are mostly adopted as a group (The 

European Union) not individually.   

The results display from table 7 show that for the United Kingdom, differentials for 

inflation and productivity have a negative relationship with the exchange rate and their coefficients 

are statistically significant at 5% level. It indicates that 1 unit increase in the consumer price index 

in the United Kingdom holding all other variables constant, leads to a 145.28% depreciation of the 

Pound/Dollar exchange rate in long-run. Conversely, differentials for interest rate, money supply, 

and trade balance are statistically significant at 5% level and have a positive relationship with the 

exchange rate. For example, an increase of 1% short-term interest rates (T-bills) in the United 

Kingdom holding other variables constant, leads to a 3.24% appreciation of Pound/Dollar 

exchange rate in the long-run. Here we can see that the common statement (an increase of interest 

rate and inflation in the home country brings appreciation and depreciation of exchange rate) of 

relative interest rates and inflation is satisfied. 

Error Correction Estimates 

From table 8 in the appendix, the speed of adjustment back to the equilibrium is represented 

by the error correction estimates. The value of error correction term should lie between 0 and -1. 

A negative sign indicates the convergence and evaluates the speed of adjustment toward the 

equilibrium. It can be seen that for Brazil, four variables (exchange rate, differentials for money 

supply, productivity, and trade balance) have negative error correction terms, except the exchange 

rate and differential productivity's values lines within range 0 and -1. Also, exchange rate only is 

statistically significant at 5% level. It implies that a 1.40% of disequilibrium was corrected each 

month by changes in exchange rate. For South Africa, only inflation differential has a negative 

sign value which lies between 0 and -1, and statistically significant at 5% level. The results from 

table 8 indicate that 0.67% disequilibrium was corrected each month by changes in relative prices.  

For Germany, exchange rate, differentials for money supply, productivity, and trade 

balance have a negative sing of error correction terms. However, three variables (exchange rates, 

differentials for money supply and productivity) values line between 0 and -1. And the exchange 

rate alone is statistically significant at 5% level. Table 8 shows that for the United Kingdom have 
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four variables (exchange rate, differentials for interest rates, inflation, and productivity) have 

negative error correction terms with all them lining within 0 and -1. Conversely, both interest rates 

and inflation differentials are statistically significant at 5% level. 

Granger Causality 

VEC Granger-causality test was taken into account due to the existence of the co-

integration relationship in order to determine which variable better helps in forecasting the 

exchange rates in short-run. VEC Granger-causality can accommodate more than two variables 

while the pairwise is meant for two variables at a time and short-run. Looking at the results in table 

9 in the appendix for Brazil, only the Wald tests statistic (0.024) for the interest rates differential 

is statistically significant at 5% level in exchange rate equation. It suggests that there is short-run 

causal relationship running from interest rate differential to the exchange rate. In order words, 

interest rates differential contributes considerably to changes in the exchange rate, which would 

lend support to the interest parity idea. Moreover, the study finds that when all variables are taken 

together, Wald statistic (0.09) is insignificant at 5% level. It indicates that in short-run all variables, 

when are taken together, do not contribute to the changes in Real/US-dollar exchange rate changes. 

 For South Africa, only Wald statistic (0.043) for money supply differential is significant 

at 5% level in exchange rate equation. It means that differential for money supply has an effect on 

the exchange rate in short-run and that causal relationship runs from money supply differential to 

the exchange rate. Therefore, differential for money supply contributes significantly to the changes 

of the exchange rate between South Africa's Rand and the United States Dollar. When all variables 

are taken together, the Wald statistic (0.20) is insignificant and means that as a group the variables 

do not contribute considerably to the changes of the Rand/Dollar exchange rate. 

 It can be seen from the results in table 9 that for Germany, none of the variables' Wald 

statistic is statistically significant. Similarly, when all variables are taken together, the Wald 

statistic is still insignificant. This suggests that the selected macroeconomic indicators for 

Germany do not contribute to the changes of the Euro/Dollar exchange rate. In other words, they 

do not have an impact on Germany-US exchange rate. Likewise, at 5% significance level, none of 

the variables' Wald statistic is significant for the United Kingdom. Also, all taken together, the 

Wald statistic (0.39) is insignificant at 5% level. These results mean that individually and 

collectively, the variables do not influence the Pound/Dollar exchange rate in short-run.  
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Impulse Response Function 

 Figure 1 plots the response of the Real/Dollar exchange rate to a shock in differentials for 

interest rates, inflation, money supply, productivity, and trade balance. The response is not 

significantly different from zero. The most interesting result from the figure 1 is the responses of 

the exchange rate to a shock in interest rate differential and inflation differential. The exchange 

rate decreases whenever there is one standard deviation positive shock in the interest rate. 

Similarly, exchange rate falls when there is a positive shock in inflation. It implies that there is a 

negative relationship between exchange rate and variables such as interest rate and inflation. The 

only one variable that seems to be a significant response is from the money supply differential. 

When, the response is insignificant it means that there is not strong statistical evidence that the 

response is different from zero. The response of exchange rate to the selected macroeconomic 

variables for South Africa is plotted in figure 2. It can be seen that there is a positive relationship 

between exchange rate and interest rates differential as whenever differential for interest rates rises 

exchange rate does increase too. This is not the same with the differentials for inflation and money 

supply. It shows that those two variables have a negative relationship with the exchange rate, but 

the money supply differential is the only one that is significant in the long run, which supports the 

VECM results. 

 Figure 3 shows that for Germany there is a negative relationship between exchange rate 

and interest rate differential. Exchange rate responds negatively to a positive one standard 

deviation shock in the interest rates differential. Meanwhile, differential for inflation displays 

positive association with the exchange rate. However, none of the responses are statistically 

significant. For the United Kingdom, figure 4 shows that there is an association between exchange 

rate and interest rates differential from period one to period 6 and then the relationship becomes 

adverse to the 12th period. Also, it clearly shows whenever there is one standard deviation shock 

of differentials for inflation or productivity or trade balance, exchange rate responds negatively to 

their shocks. Similar as Germany, none of the responses are statistically significant. This indicates 

the inability of the exchange rates of both countries to capture any short-run relationship. In other 

words, the short-run relationship is being wipe away. 
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Variance Decomposition 

 The first part of table 9 in the appendix shows that for Brazil the variance decomposition 

of exchange rate following a shock to exchange rate innovations of 0.09%. In the 1st period, the 

entire change in exchange rate is explained only by a shock to exchange rate innovation. This 

shock also causes immediate changes in differentials for interest rates, inflation, money supply, 

productivity, and trade balance in the 2nd period. It can be seen that differentials for interest rates, 

inflation, money supply, productivity, and trade balance variables account for 0.13%, 0.60%, 

0.52%, 0.5144%, and less than 0.05% of the change, respectively in the exchange rate. In this 

period we can see that inflation and money supply have the highest impact on exchange rate. An 

excess of currency in circulation impacts prices and therefore influences the exchange rate. When 

the entire 12 periods is taken into account, money supply and trade balance have the highest (3.33% 

and 4.23%) total variations in exchange rate. 

 For the second part of table 9, which traces the variance decomposition of the exchange 

rate for South Africa, presents the reactions following a shock to exchange rate innovations of 

0.33%. The influence of interest rates differential on exchange rate increases over time, and by the 

end of the 12th period, it is accounting for 2.49% of the total variation in exchange rate. Similarly, 

differential for money supply accounts for the highest total variation of 5.22% in the exchange 

rate. Also, fluctuation in money supply differential in circulation affects the Rand/Dollar exchange 

rate.  

Table 10 in the appendix shows that for Germany, the variance decomposition of exchange 

rate following a shock to the exchange rate innovations of 0.03%. In the 2nd period, a shock to the 

exchange rate innovations accounts for almost the entire change in exchange rate variation 

(99.85%). This situation is nearly the same for all periods, for example, at the end of the 12th 

period, the change in the exchange rate because of the initial shock is accounted by the exchange 

rate itself is 99.67%. Over the entire 12 periods, none of the independent variables accounts an 

impact more than 0.5% on the exchange rate. The results indicate that for Germany, the selected 

macroeconomic variables do not contribute a lot in the movements of the Euro/Dollar exchange 

rate. That can be the fact that Germany is in the European Union and alone does not have a 

substantial effect.  
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From table 10, it can be seen that for the United Kingdom the variance decomposition of 

exchange rate presents the reactions following a shock to exchange rate innovations of 0.03%. The 

influence of interest rate on exchange rate fluctuations (increases and decreases) in time, and by 

the end of the 12th period, it is accounting for 0.30% of the total variation in exchange rate. On the 

contrary, trade balance on exchange rate increase over the time and accounts the highest total 

variation of 6.12% in the exchange rate in the 12th period. The exchange rate accounts for 91.98% 

of its own change in the 12th period. Here it is clear that having the US as the most significant 

trading partner, the Pound/Dollar exchange rate could suffer due to a fluctuation of the trade 

balance between the United Kingdom and the United States. 

Conclusion  

This study is designed to explore the causal relationship between the foreign exchange rates 

and the macroeconomic variables such as differentials for interest rate, inflation, money supply, 

productivity, and trade balance. Monthly data from 1999 to 2016 have been used and various 

econometrics tests including the unit root, co-integration, vector error correction mechanism, 

Granger-causality, impulse response functions, and variance decomposition are being conducted. 

These analyses are useful to gauge long and short-run relationships, causal effects, and the shock 

responses among the variables within a system.  

The empirical evidence indicates that there exist more than one co-integrating vector for 

all equations and this indicates which suitable methodology to adopt. Through the evidence, for 

emerging countries the results show that in the long-run the differentials for interest rates, inflation, 

money supply, and trade balance have an adverse significant impact on the Brazil/US exchange 

rate. It implies that the exchange rate depreciates as the differentials for interest rates, inflation, 

money supply, and trade balance decrease. Conversely, productivity differential has a significant 

positive impact on the Brazil/US exchange rate, which means that an appreciation of the foreign 

exchange rate is associated with an increase of home country’s total industrial productivity. 

Increasing interest rates differential leads to an increase in investments which raises output, price 

level increases. Therefore the value of the currency goes down. The findings show that for Brazil, 

the current data of interest rates differential help to predict the future level of the Real/Dollar 

exchange rate in the short-run. These findings are different to what has been found in the case of 

a country like South Africa. The study reveals a significant negative relationship between money 
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supply differential and the Rand/Dollar exchange rate in the long-rum for South Africa. On the 

other hand, differentials for interest rates, inflation, productivity, and trade balance have a positive 

effect on the Rand/Dollar exchange rate, but only trade balance's effect is statistically significant. 

For short-run, the empirical evidence show that current data of differential for money can help in 

forecasting the future level of the Rand/Dollar exchange rate. 

On the other hand, for advanced economies the study presents evidence that in the long-

run differentials for inflation, money supply, productivity, and trade balance have negative 

influence on the Euro/Dollar for Germany. However, only trade balance has a significant long-run 

impact. The evidence also shows that interest rates differential has a positive insignificant 

relationship with the Euro/Dollar in the long-run. The results indicate that differentials for inflation 

and productivity have a significant adverse impact on the Pound/Dollar exchange rate. In the 

meantime, differentials for interest rates, money supply, and trade balance have a positive 

significant effect on the Pound/Dollar exchange rate for the United Kingdom. It implies that an 

increase of interest rate and inflation brings respectively an appreciation and a depreciation of the 

Pound/Dollar exchange rate. Lastly, there is no evidence that the current data of any of the selected 

macroeconomic variables help to predict the future level of the exchange rates for both Germany 

and the United Kingdom. 

From the policy perspectives, the study recommends that policy makers in Brazil and South 

Africa should be cautious about the positive and negative effects of total industrial productivity 

and money supply respectively on their exchange rates against the US Dollar. Contrary the 

evidence found in this study indicate that the negative effects of the differentials for inflation and 

total industrial productivity on the exchange rate are not negligible for both of the Advanced 

countries. Since the study was based on monthly data, it could have some limitations compared to 

quarterly or yearly date which could give more precise results. Also, the study did not consider all 

of the macroeconomics variables affecting the exchange rate in these countries. Thus, this study 

recommends that further studies be conducted to incorporate variables such as Gross Domestic 

Product (GDP), unemployment rates, current accounts, public debt, Foreign Direct Investment, 

etc. 
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Data 

Variables Source 
Foreign Exchange rates  
Real/dollar https://fred.stlouisfed.org/series/EXBZUS  
Euro/dollar https://fred.stlouisfed.org/series/EXUSEU  
Rand/dollar https://fred.stlouisfed.org/series/EXSFUS  
Pound/dollar https://fred.stlouisfed.org/series/EXUSUK  
Interest Rates  
Brazil https://fred.stlouisfed.org/series/INTGSTBRM193N  
Germany https://fred.stlouisfed.org/series/IR3TIB01DEM156N  
South Africa https://fred.stlouisfed.org/series/IR3TTS01ZAM156N  
United Kingdom https://fred.stlouisfed.org/series/IR3TTS01GBM156N  
United States https://fred.stlouisfed.org/series/TB3MS  
Inflation  
Brazil https://fred.stlouisfed.org/series/BRACPIALLMINMEI  
Germany https://fred.stlouisfed.org/series/CPHPTT01DEM659N  
South Africa https://fred.stlouisfed.org/series/ZAFCPIALLMINMEI  
United Kingdom https://fred.stlouisfed.org/series/GBRCPIALLMINMEI  
United States https://fred.stlouisfed.org/series/GBRCPIALLMINMEI  
Money Supply  
Brazil https://fred.stlouisfed.org/series/MYAGM1BRM189N  
Germany https://fred.stlouisfed.org/series/MYAGM1EZM196N  
South Africa https://fred.stlouisfed.org/series/MAM1A1ZAM189N  
United Kingdom https://fred.stlouisfed.org/series/MANMM101GBM189S  
United States https://fred.stlouisfed.org/series/MYAGM1USM052S  
Productivity  
Brazil https://fred.stlouisfed.org/series/BRAPROINDMISMEI  
Germany https://fred.stlouisfed.org/series/ZAFPROMANMISMEI  
South Africa https://fred.stlouisfed.org/series/ZAFPROMANMISMEI  
United Kingdom https://fred.stlouisfed.org/series/GBRPROINDMISMEI  
United States https://fred.stlouisfed.org/series/USAPROINDMISMEI  
Trade balance  

https://fred.stlouisfed.org/series/EXBZUS
https://fred.stlouisfed.org/series/EXUSEU
https://fred.stlouisfed.org/series/EXSFUS
https://fred.stlouisfed.org/series/EXUSUK
https://fred.stlouisfed.org/series/INTGSTBRM193N
https://fred.stlouisfed.org/series/IR3TIB01DEM156N
https://fred.stlouisfed.org/series/IR3TTS01ZAM156N
https://fred.stlouisfed.org/series/IR3TTS01GBM156N
https://fred.stlouisfed.org/series/TB3MS
https://fred.stlouisfed.org/series/BRACPIALLMINMEI
https://fred.stlouisfed.org/series/CPHPTT01DEM659N
https://fred.stlouisfed.org/series/ZAFCPIALLMINMEI
https://fred.stlouisfed.org/series/GBRCPIALLMINMEI
https://fred.stlouisfed.org/series/GBRCPIALLMINMEI
https://fred.stlouisfed.org/series/MYAGM1BRM189N
https://fred.stlouisfed.org/series/MYAGM1EZM196N
https://fred.stlouisfed.org/series/MAM1A1ZAM189N
https://fred.stlouisfed.org/series/MANMM101GBM189S
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Brazil https://www.census.gov/foreign-trade/balance/c3510.html  
Germany https://www.census.gov/foreign-trade/balance/c4280.html  
South Africa https://www.census.gov/foreign-trade/balance/c7910.html  
United Kingdom https://www.census.gov/foreign-trade/balance/c4120.html  

 

Appendix 

 

Test-statistic  p-value Adj. Test-statistic  p-value
Emerging Countries

Brazil
-1.50 0.8259 -1.72 0.7377
-3.44 0.0596 -3.37 0.0582
0.04 0.9966 0.89 0.9998
-0.22 0.9922 -0.20 0.9927
-3.24 0.0795 -2.28 0.4447
-2.07 0.5583 -3.40 0.0538

South Africa
-1.55 0.8088 -1.45 0.8423
-2.50 0.3295 -3.08 0.1128
-0.13 0.9941 -0.19 0.9930
-0.64 0.9750 -0.55 0.9807
-3.29 0.0704 -4.15 0.0062

-11.10 0.0000 -11.60 0.0000
Advanced Countries

Germany
-1.33 0.8766 -1.27 0.8918
-4.34 0.0033 -2.08 0.5522
-1.95 0.6234 -3.21 0.0859
-2.37 0.3942 -1.14 0.9195
-2.62 0.2723 -3.09 0.1110
-2.52 0.3188 -6.62 0.0000

United Kingdom
-1.52 0.8196 -1.50 0.8266
-3.17 0.0928 -2.43 0.3619
-2.08 0.5556 -1.88 0.6613
-0.70 0.9710 -0.83 0.9602
-1.90 0.6522 -2.08 0.5562
-4.36 0.0031 -9.40 0.0000

Notes: 
(1) The equations include constant and linear trend. Null hypothesis: Series has unit root
(2) *, **, *** denote rejection of null hypothesis at the 10, 5, 1% level of significance, respectively

Table1: ADF and PP unit root tests on level series: Advanced and Emerging individual economies

ADF PP

𝚤̃
𝜋�
𝑚�
𝑦𝑦�

𝑄𝑡

𝑇𝑏

𝚤̃
𝜋�
𝑚�
𝑦𝑦�

𝑄𝑡

𝑇𝑏

𝚤̃
𝜋�
𝑚�
𝑦𝑦�

𝑄𝑡

𝑇𝑏

𝚤̃
𝜋�
𝑚�
𝑦𝑦�

𝑄𝑡

𝑇𝑏

𝑇𝑏 ∗∗∗

∗∗∗

∗∗∗

∗∗∗
∗∗∗

∗∗∗

∗∗∗

https://www.census.gov/foreign-trade/balance/c3510.html
https://www.census.gov/foreign-trade/balance/c4280.html
https://www.census.gov/foreign-trade/balance/c7910.html
https://www.census.gov/foreign-trade/balance/c4120.html
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Test-statistic  p-valu e Test-statistic  p-value
Emerging Countries

Brazil
-10.71 0.0000 -10.92 0.0000
-17.69 0.0000 -17.90 0.0000
-7.67 0.0000 -7.45 0.0000

-15.49 0.0000 -15.48 0.0000
-3.68 0.0260 -13.12 0.0000

-11.25 0.0000 -39.21 0.0001
South Africa

-10.93 0.0000 -10.92 0.0000
-7.82 0.0000 -8.22 0.0000

-10.55 0.0000 -10.90 0.0000
-7.23 0.0000 -16.88 0.0000

-14.86 0.0000 -33.77 0.0001
-12.78 0.0000 -75.03 0.0001

Advanced Countries
Germany

-10.84 0.0000 -10.79 0.0000
-3.42 0.0519 -8.43 0.0000
-4.75 0.0008 -18.44 0.0000
-2.96 0.1473 -14.63 0.0000

-19.22 0.0000 -19.18 0.0000
-2.53 0.3112 -19.83 0.0000

United Kingdom
-11.03 0.0000 -11.17 0.0000
-4.94 0.0004 -11.53 0.0000
-2.78 0.2052 -15.24 0.0000

-14.68 0.0000 -15.29 0.0000
-18.67 0.0000 -19.12 0.0000
-17.36 0.0000 -54.35 0.0001

Notes: 
(1) The equations include constant and linear trend. Null hypothesis: Series has unit root
(2) *, **, *** denote rejection of null hypothesis at the 10, 5, 1% level of significance, respectively

Table2: ADF and PP unit root tests on first-difference series: Advanced and Emerging individual economies

ADF PP

𝚤̃
𝜋�
𝑚�
𝑦𝑦�

𝑄𝑡

𝑇𝑏

𝚤̃
𝜋�
𝑚�
𝑦𝑦�

𝑄𝑡

𝑇𝑏

𝚤̃
𝜋�
𝑚�
𝑦𝑦�

𝑄𝑡

𝑇𝑏

𝚤̃
𝜋�
𝑚�
𝑦𝑦�

𝑄𝑡

𝑇𝑏

∗∗

∗∗∗ ∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗

∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗

∗∗∗

∗∗∗

∗∗∗
∗∗∗

∗∗∗
∗∗∗
∗∗∗

∗∗∗
∗∗∗
∗∗∗
∗∗∗

∗∗∗

∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗

∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗

∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗
∗∗∗

𝑇𝑏
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Hypothesized No. of 
CE(s) Eigenvalue Trace Statistic 0.05                    Critical Value Prob.**
None * 0.2838 165.4466 95.7537 0.0000
At most 1 * 0.1686 94.6798 69.8189 0.0002
At most 2 * 0.1250 55.5320 47.8561 0.0081
At most 3 0.0612 27.2241 29.7971 0.0963
At most 4 0.0336 13.8382 15.4947 0.0875
At most 5 * 0.0306 6.5957 3.8415 0.0102
 Trace test indicates 3 cointegrating eqn(s) at the 0.05 level

Hypothesized No. of 
CE(s) Eigenvalue

Max-Eigen 
Statistic 0.05                    Critical Value Prob.**

None * 0.2838 70.7668 40.0776 0.0000
At most 1 * 0.1686 39.1478 33.8769 0.0107
At most 2 * 0.1250 28.3079 27.5843 0.0404
At most 3 0.0612 13.3859 21.1316 0.4174
At most 4 0.0336 7.2425 14.2646 0.4609
At most 5 * 0.0306 6.5957 3.8415 0.0102
 Max-eigenvalue test indicates 3 cointegrating eqn(s) at the 0.05 level
 * denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values
Included observations: 212 after adjustments
Trend assumption: Linear deterministic trend
Series:  

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Table 3:  Brazil Unrestricted Cointegration Rank Test (Trace)

𝑄𝑡 𝚤̃ 𝜋� 𝑚� 𝑇𝑏𝑦𝑦�

Hypothesized No. of 
CE(s) Eigenvalue Trace Statistic 0.05                    Critical Value Prob.**
None * 0.2699 158.9683 95.7537 0.0000
At most 1 * 0.1633 91.9779 69.8189 0.0003
At most 2 * 0.1141 54.0136 47.8561 0.0118
At most 3 0.0582 28.1969 29.7971 0.0756
At most 4 0.0472 15.4295 15.4947 0.0511
At most 5 * 0.0238 5.1303 3.8415 0.0235
 Trace test indicates 3 cointegrating eqn(s) at the 0.05 level

Hypothesized No. of 
CE(s) Eigenvalue

Max-Eigen 
Statistic 0.05                    Critical Value Prob.**

None * 0.2699 66.9904 40.0776 0.0000
At most 1 * 0.1633 37.9644 33.8769 0.0154
At most 2 0.1141 25.8166 27.5843 0.0827
At most 3 0.0582 12.7675 21.1316 0.4739
At most 4 0.0472 10.2991 14.2646 0.1930
At most 5 * 0.0238 5.1303 3.8415 0.0235
 Max-eigenvalue test indicates 2 cointegrating eqn(s) at the 0.05 level
 * denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values
Included observations: 213 after adjustments
Trend assumption: Linear deterministic trend
Series:  

Tbale 4: South Africa Unrestricted Cointegration Rank Test (Trace)

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

𝑄𝑡 𝚤̃ 𝜋� 𝑚� 𝑇𝑏𝑦𝑦�
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Hypothesized No. of 
CE(s) Eigenvalue Trace Statistic 0.05                    Critical Value Prob.**
None * 0.5890 350.2992 117.7082 0.0000
At most 1 * 0.3177 161.8013 88.8038 0.0000
At most 2 * 0.1936 80.7565 63.8761 0.0010
At most 3 0.1095 35.1462 42.9153 0.2391
At most 4 0.0374 10.5699 25.8721 0.8984
At most 5 0.0116 2.4802 12.5180 0.9317
 Trace test indicates 3 cointegrating eqn(s) at the 0.05 level

Hypothesized No. of 
CE(s) Eigenvalue

Max-Eigen 
Statistic 0.05                    Critical Value Prob.**

None * 0.5890 188.4979 44.4972 0.0000
At most 1 * 0.3177 81.0448 38.3310 0.0000
At most 2 * 0.1936 45.6103 32.1183 0.0006
At most 3 0.1095 24.5762 25.8232 0.0724
At most 4 0.0374 8.0897 19.3870 0.8134
At most 5 0.0116 2.4802 12.5180 0.9317
 Max-eigenvalue test indicates 3 cointegrating eqn(s) at the 0.05 level
 * denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values
Included observations: 212 after adjustments
Trend assumption: Linear deterministic trend
Series:  

Table 5: Germany Unrestricted Cointegration Rank Test (Trace)

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

𝑄𝑡 𝚤̃ 𝜋� 𝑇𝑏𝑦𝑦�𝑚�

Hypothesized No. of 
CE(s) Eigenvalue Trace Statistic 0.05                    Critical Value Prob.**
None * 0.3676 200.4839 117.7082 0.0000
At most 1 * 0.2625 103.3359 88.8038 0.0030
At most 2 0.1041 38.7939 63.8761 0.8848

At most 3 0.0397 15.4778 42.9153 0.9976
At most 4 0.0199 6.8942 25.8721 0.9945
At most 5 0.0124 2.6414 12.5180 0.9162
 Trace test indicates 2 cointegrating eqn(s) at the 0.05 level

Hypothesized No. of 
CE(s) Eigenvalue

Max-Eigen 
Statistic 0.05                    Critical Value Prob.**

None * 0.3676 97.1480 44.4972 0.0000
At most 1 * 0.2625 64.5420 38.3310 0.0000
At most 2 0.1041 23.3161 32.1183 0.3955
At most 3 0.0397 8.5836 25.8232 0.9900
At most 4 0.0199 4.2528 19.3870 0.9957
At most 5 0.0124 2.6414 12.5180 0.9162
 Max-eigenvalue test indicates 2 cointegrating eqn(s) at the 0.05 level
 * denotes rejection of the hypothesis at the 0.05 level
**MacKinnon-Haug-Michelis (1999) p-values
Included observations: 212 after adjustments
Trend assumption: Linear deterministic trend
Series:  

Tble 6: United Kingdom Unrestricted Cointegration Rank Test (Trace)

Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

𝑄𝑡 𝚤̃ 𝜋� 𝑇𝑏𝑦𝑦�𝑚�
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 Brazil 
Cointegrating Eq: Tb(-1) Const
Coefficient 1.0000 0.0086 0.0290 0.0016 -0.0428 0.0013 -4.4569
Standard Errors 0.0193 0.0133 0.0004 0.0152 0.0001
t-stat [0.4488]** [2.1891]** [3.7433]*** [-2.8132]*** [9.6190]***

 R-squared 0.2019 0.2812 0.4789 0.1572 0.1455 0.2506
 Adj. R-squared 0.1497 0.2343 0.4449 0.1021 0.0896 0.2016
 Sum sq. resids 1.8094 71.4919 28.9184 368.6901 83154.9700 14965785
 S.E. equation 0.0954 0.5994 0.3812 1.3611 20.4417 274.2352
 F-statistic 3.8717 5.9899 14.0705 2.8553 2.6057 5.1185
 Log likelihood 205.5894 -185.9671 -89.5732 -360.6667 -937.7374 -1490.7720

Cointegrating Eq: Tb(-1) Const
Coefficient 1.0000 -0.4223 -0.2556 0.0007 -0.8781 -0.0650 -19.1333
Standard Errors 0.3945 0.3194 0.0092 0.2819 0.0084
t-stat [-1.0706] [-0.8003] [ 0.0710]*** [-3.1148]* [-7.7080]***

 R-squared 0.1387 0.2220 0.3891 0.3902 0.1444 0.4672
 Adj. R-squared 0.0824 0.1712 0.3492 0.3504 0.0885 0.4324
 Sum sq. resids 22.6768 777.5380 27.9401 15.5577 96855.7400 2931499
 S.E. equation 0.3376 1.9767 0.3747 0.2796 22.0616 121.3720
 F-statistic 2.4648 4.3688 9.7490 9.7966 2.5840 13.4224
 Log likelihood -63.6793 -440.1344 -85.9082 -23.5515 -953.9804 -1317.1500

Cointegrating Eq: D(Tb(-1)) Const
Coefficient 1.0000 -0.6172 0.2527 0.0020 0.1330 0.0179 -0.7930
Standard Errors 1.8147 0.2108 0.0135 0.1233 0.0011
t-stat [-0.3401] [1.1989] [0.1473] [1.0785] [16.7679]***

 R-squared 0.1067 0.3600 0.1626 0.4600 0.1961 0.7863
 Adj. R-squared 0.0480 0.3180 0.1076 0.4245 0.1433 0.7723
 Sum sq. resids 0.1642 6.2308 33.8054 441945.2000 382.5958 54980311
 S.E. equation 0.0288 0.1774 0.4132 47.2445 1.3901 526.9519
 F-statistic 1.8189 8.5672 2.9571 12.9734 3.7159 56.0563
 Log likelihood 458.4827 73.0550 -106.2026 -1110.9050 -363.3966 -1622.200

Cointegrating Eq: Tb(-1) Const
Coefficient 1.0000 -0.0324 1.4528 -0.0007 0.0309 -0.0001 -2.2025
Standard Errors 0.0371 0.1423 0.0001 0.0058 0.0001
t-stat [-0.8727]** [ 10.2087]** [-5.0804]*** [ 5.3307]*** [-0.9137]***

 R-squared 0.1248 0.2643 0.5878 0.1172 0.1305 0.3694
 Adj. R-squared 0.0674 0.2160 0.5608 0.0593 0.0734 0.3280
 Sum sq. resids 0.2353 6.2481 34.8826 83183.7100 232.3873 36999201
 S.E. equation 0.0345 0.1776 0.4197 20.4968 1.0834 432.2784
 F-statistic 2.1721 5.4709 21.7210 2.0225 2.2851 8.9222
 Log likelihood 420.3646 72.7611 -109.5276 -933.8703 -310.5478 -1580.2160
(1) Included observations: 212 after adjustments
(2) *,**,*** denote rejection of the null hypothesis at the 10, 5, and 1% level of singificance, respectively.

Table 7: Vector Error Correction Estimates

 South Africa 

 Germany 

 United Kingdom 

𝑄𝑡 −1 𝚤̃ −1 𝜋� −1 𝑚� −1 𝑦𝑦� −1

𝑄𝑡 −1 𝚤̃ −1 𝜋� −1 𝑚� −1 𝑦𝑦� −1

𝑄𝑡 −1 D(𝚤̃ −1) 𝜋� −1 D(𝑚� −1) 𝑦𝑦� −1

𝑄𝑡 −1 𝚤̃ −1 𝐷(𝜋� −1 ) 𝑚� −1 ) 𝑦𝑦� −1
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 Brazil 
Error Correction: D(Tb(-1))
Coefficient -0.0140 0.7196 0.1882 -10.3668 -0.0212 -199.6597
Standard Errors 0.0153 0.2181 0.0611 3.2753 0.0960 43.9398
t-stat [-0.9167]** [3.2995]* [3.0812]** [-3.1651] [-0.2207] [-4.5439]

 R-squared 0.20187 0.28125 0.47894 0.15721 0.14546 0.25059
 Adj. R-squared 0.14973 0.23429 0.44491 0.10215 0.08964 0.20163
 Sum sq. resids 1.80941 71.49194 28.91840 368.69010 83154.97000 14965785.00000
 S.E. equation 0.09536 0.59938 0.38121 1.36114 20.44173 274.23520
 F-statistic 3.87168 5.98988 14.07048 2.85533 2.60574 5.11853
 Log likelihood 205.58940 -185.96710 -89.57319 -360.66670 -937.73740 -1490.77200

 South Africa 
Error Correction: D(Tb(-1))
Coefficient 0.0015 0.0021 -0.0067 0.6377 0.0355 11.1015
Standard Errors 0.0041 0.0034 0.0046 0.2704 0.0242 1.4876
t-stat [0.3734]** [0.6016]*** [-1.4683]*** [2.3584] [ 1.4673]** [ 7.4625]

 R-squared 0.1387 0.2220 0.3891 0.3902 0.1444 0.4672
 Adj. R-squared 0.0824 0.1712 0.3492 0.3504 0.0885 0.4324
 Sum sq. resids 22.6768 777.5380 27.9401 15.5577 96855.7400 2931499.0000
 S.E. equation 0.3376 1.9767 0.3747 0.2796 22.0616 121.3720
 F-statistic 2.4648 4.3688 9.7490 9.7966 2.5840 13.4224
 Log likelihood -63.6793 -440.1344 -85.9082 -23.5515 -953.9804 -1317.1500

 Germany 
Error Correction: Tb(-1))
Coefficient -0.0001 0.0016 0.0199 -0.3733 -0.0069 -139.0405
Standard Errors 0.0005 0.0029 0.0066 0.7589 0.0223 -8.4653
t-stat [-0.1717]*** [ 0.5659]*** [ 2.9990]*** [-0.4919] [-0.3111]* [-16.4248]

 R-squared 0.10668 0.36000 0.16259 0.45998 0.19612 0.78635
 Adj. R-squared 0.04803 0.31798 0.10761 0.42453 0.14334 0.77232
 Sum sq. resids 0.16421 6.23084 33.80541 441945.20000 382.59580 54980311.00000
 S.E. equation 0.02880 0.17740 0.41320 47.24454 1.39007 526.95190
 F-statistic 1.81894 8.56715 2.95710 12.97342 3.71587 56.05632
 Log likelihood 458.48270 73.05502 -106.20260 -1110.90500 -363.39660 -1622.20000

 United Kingdom 
Error Correction: D(Tb(-1))
Coefficient -0.0061 -0.0975 -0.7886 6.7516 -0.4138 333.4282
Standard Errors 0.0072 0.0369 0.0871 4.2525 0.2248 89.6845
t-stat [-0.8536]* [-2.6445]** [-9.0561]*** [ 1.5877] [-1.8411] [ 3.7178]

 R-squared 0.1248 0.2643 0.5878 0.1172 0.1305 0.3694
 Adj. R-squared 0.0674 0.2160 0.5608 0.0593 0.0734 0.3280
 Sum sq. resids 0.2353 6.2481 34.8826 83183.7100 232.3873 36999201.0000
 S.E. equation 0.0345 0.1776 0.4197 20.4968 1.0834 432.2784
 F-statistic 2.1721 5.4709 21.7210 2.0225 2.2851 8.9222
 Log likelihood 420.3646 72.7611 -109.5276 -933.8703 -310.5478 -1580.2160
Notes:
(1) Included observations: 212 after adjustments
(2) *,**,*** denote rejection of the null hypothesis at the 10, 5, and 1% level of singificance, respectively.

CointEq1

Table 8: Error Correction Estimates

CointEq1

CointEq1

CointEq1

𝐷(𝑄𝑡 −1 ) 𝐷(𝚤̃ −1 ) 𝐷(𝜋� −1 ) D(𝑚� −1 ) 𝐷(𝑦𝑦� −1)

D(𝑄𝑡 −1 ) 𝐷(�̃� −1 ) 𝐷(𝜋� −1 ) 𝐷(𝑚� −1 ) 𝐷 𝑦𝑦� −1

𝐷(𝑄𝑡 −1 ) D(D �̃� −1 ) 𝐷(𝜋� −1 ) 𝐷(𝐷𝑚� −1 ) 𝐷(𝑦𝑦� −1 )

𝐷(𝑄𝑡 −1 ) D(𝚤̃ −1 ) 𝐷(𝐷(𝜋� −1 )) D(𝑚� −1 )) 𝐷(𝑦𝑦� −1)
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Dependent variable: D(EXC) Dependent variable: D(EXC)
Excluded Chi-sq df Prob. Excluded Chi-sq df Prob.
D(INT) 7.4541 2     0.0241** D(INT) 0.5595 2 0.7560
D(INF) 0.7955 2 0.6718 D(INF) 0.2487 2 0.8831
D(M) 3.2107 2 0.2008 D(M) 6.2664 2    0.0436**

D(GDP) 2.3102 2 0.3150 D(GDP) 3.7456 2 0.1537
D(TB) 1.5705 2 0.4560 D(TB) 2.6618 2 0.2642

All 16.2362 10    0.0931* All 13.3275 10 0.2059

Dependent variable: D(EXC) Dependent variable: D(EXC)
Excluded Chi-sq df Prob. Excluded Chi-sq df Prob.
D(DINT) 0.7176 2 0.6985 D(INT) 1.2088 2 0.5464
D(INF) 2.1240 2 0.3458 D(DINF) 1.7971 2 0.4072
D(DM) 0.2692 2 0.8741 D(M) 5.0809 2  0.0788*
D(GDP) 1.3004 2 0.5219 D(GDP) 1.8781 2 0.3910
D(DTB) 0.8801 2 0.6440 D(TB) 0.1146 2 0.9443

All 4.6006 10 0.9162 All 10.509 10 0.3970
Note:
(1) *,**,*** denote rejection of the null hypothesis at the 10, 5, and 1% level of singificance, respectively.

Table 9: VEC Granger Causality/Block Exogeneity Wald Tests

Germany United Kingdom

Brazil South Africa

Brazil  Period S.E. Tb

1 0.09 100 0 0 0 0 0

2 0.15 98.24 0.60 0.13 0.52 0.51 0.00

3 0.20 96.56 0.98 0.35 0.80 1.19 0.13

4 0.23 95.01 1.29 0.50 1.00 1.73 0.46

5 0.26 93.68 1.51 0.57 1.19 2.13 0.93

6 0.28 92.53 1.64 0.56 1.40 2.41 1.47

7 0.30 91.54 1.69 0.52 1.63 2.59 2.02

8 0.32 90.67 1.70 0.47 1.90 2.70 2.56

9 0.34 89.88 1.67 0.43 2.20 2.76 3.06

10 0.35 89.14 1.62 0.42 2.54 2.77 3.50

11 0.36 88.41 1.56 0.45 2.92 2.76 3.89

12 0.37 87.69 1.50 0.52 3.33 2.73 4.23

South-Africa  Period S.E. Tb

1 0.33 100 0 0 0 0 0

2 0.53 98.57 0.39 0.15 0.78 0.10 0.00

3 0.68 97.17 0.94 0.24 1.33 0.12 0.21

4 0.80 95.94 1.45 0.33 1.72 0.14 0.43

5 0.90 94.88 1.84 0.43 2.09 0.18 0.58

6 0.98 93.97 2.12 0.53 2.48 0.22 0.68

7 1.05 93.19 2.29 0.62 2.89 0.25 0.76

8 1.11 92.48 2.40 0.72 3.32 0.28 0.81

9 1.16 91.82 2.46 0.81 3.77 0.30 0.85

10 1.20 91.20 2.48 0.89 4.23 0.31 0.87

11 1.24 90.60 2.49 0.97 4.72 0.32 0.89

12 1.27 90.02 2.49 1.05 5.22 0.32 0.91

S.E denotes Standard Error Cholesky Ordering:                               Tb

Table 10: Variance Decomposition of 

𝜋�𝑄𝑡 𝚤̃ 𝑦𝑦�𝑚�

𝑄𝑡 𝚤̃ 𝜋� 𝑚� 𝑦𝑦�
𝑄𝑡

𝜋�𝑄𝑡 𝚤̃ 𝑦𝑦�𝑚�
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Germany  Period S.E. D(Tb)

1 0.03 100 0 0 0 0 0

2 0.05 99.85 0.07 0.02 0.00 0.05 0.00

3 0.06 99.71 0.16 0.01 0.00 0.08 0.03

4 0.07 99.67 0.19 0.01 0.00 0.07 0.05

5 0.08 99.68 0.20 0.01 0.00 0.07 0.05

6 0.09 99.68 0.20 0.01 0.00 0.06 0.05

7 0.10 99.68 0.21 0.01 0.00 0.05 0.05

8 0.10 99.68 0.21 0.01 0.00 0.05 0.05

9 0.11 99.68 0.21 0.01 0.00 0.05 0.05

10 0.11 99.67 0.22 0.01 0.00 0.05 0.05

11 0.12 99.67 0.22 0.00 0.00 0.05 0.05

12 0.12 99.67 0.22 0.00 0.01 0.04 0.05

United Kingdom  Period S.E. Tb
1 0.03 100 0 0 0 0 0

2 0.05 99.09 0.21 0.09 0.06 0.24 0.31

3 0.07 98.11 0.29 0.09 0.18 0.23 1.09

4 0.08 97.08 0.28 0.14 0.33 0.24 1.93

5 0.09 96.14 0.24 0.18 0.46 0.25 2.72

6 0.10 95.33 0.20 0.22 0.57 0.26 3.41

7 0.11 94.62 0.18 0.25 0.67 0.26 4.02

8 0.12 93.99 0.17 0.27 0.75 0.27 4.55

9 0.12 93.43 0.18 0.29 0.83 0.27 5.01

10 0.13 92.91 0.20 0.30 0.90 0.27 5.42

11 0.13 92.43 0.25 0.31 0.96 0.27 5.79

12 0.14 91.98 0.30 0.31 1.02 0.27 6.12

S.E denotes Standard Error  Cholesky Ordering:                               Tb

Table 11: Variance Decomposition of       

𝑄𝑡 D( �̃� )

𝐷(𝜋� )

𝜋�

𝑄𝑡 𝚤̃

𝑦𝑦�𝐷(𝑚� )

𝑦𝑦�𝑚�

𝑄𝑡

𝜋�𝑄𝑡 𝚤̃ 𝑦𝑦�𝑚�
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Figure 1: Brazil: Impulse Response Function 
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Figure 2: South Africa: Impulse Response Function 
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Figure 3: Germany: Impulse Response Function 
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Figure 4: United Kingdom: Impulse Response Function 
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