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Abstract: The purpose of this study is to find symmetries and asymmetries in the exchange rate and 
macroeconomic fundamentals of advanced European markets, namely Denmark, the Euro Area, 
and United Kingdom, for the period of 2011 to 2022 via application of the NARDL technique. The 
findings reveal that interest rate affects DKK exchange rate asymmetrically in the long and short 
run, whereas money supply affects it in the short run. Foreign reserves are found to be helpful for 
all three currencies in stabilizing the exchange rate. A decline in gold price weakens GBP, DKK, and 
EUR in the long run. Previous studies suggest that the existence of asymmetrical relationships jus-
tifies the selection of NARDL for empirical analysis. This study makes a contribution to the existing 
literature, as it proves that forecasting via NARDL is also robust for analysis. The findings have 
significant policy implications for financial applications. 
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1. Introduction 
Europe is a developed continent and significant economic zone of the world, having 

an impact on the current state and prospects of the global economy. According to the 
World Economic Forum Report (2023), the European Commission forecasted that the EU’s 
economic growth was expected to face an upward trend compared to the previous year; 
the expected growth in 2023 was 0.8% compared to 0.3% in 2022. For economic growth, 
an important parameter is to stabilize the respective currency and keep an eye on factors 
that may affect the exchange rate (Kassi et al. 2019); hence, it is important for European 
markets to keep EUR and other major currencies on the right track to achieving 2023’s 
goals. 
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Europe consists of forty-four countries with varying levels of trade and economy. 
Hence, this study focused on European countries with advanced markets that have float-
ing exchange rate currencies and are indexed by MSCI (Morgan Stanley Capital Interna-
tional). In this context, there are twenty-two countries which represent the three strongest 
currencies of Europe. The leading currency in Europe is EUR, which is the second leading 
currency in global trade. There are twenty full-time member countries in the EUR area: 
Austria, Belgium, Croatia, Cyprus, Estonia, Finland, France, Germany, Greece, Ireland, 
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Portugal, Slovakia, Slovenia, 
and Spain. The second most significant currency in Europe is GBP of the United Kingdom. 
Finally, Denmark has been endorsed as an advanced market; hence, DKK was added as 
the third currency for this study. 

According to the Czech National Bank Report of 2024, the Danish government has a 
systematic mechanism to manage DKK’s stability. Danish government policy ensures that 
their central bank analyzes market movement and intervenes accordingly. If DKK faces 
upward pressure, the central bank starts selling DKK and purchasing EUR and vice versa 
to maintain exchange rate equilibrium. Due to its large currency reserves, the central bank 
has room to intervene in the financial market. 

In the recent 2024 Monetary Policy Report by the Bank of England, it is stated that 
during the last year, inflation and costly imports exerted a negative impact on GBP against 
EUR, but now, at the start of the current year, it has been strengthening, which is a good 
sign. Overall, in the current year, the GBP exchange rate has stabilized by 4% against USD 
and 1% against EUR. 

It is difficult to understand the behavior of an exchange rate via conventional macro-
economic and symmetric univariate models; the primary limitation is the inability to as-
sess the asymmetric relationship between explanatory and dependent variables. That is 
the reason for the failure of previous models, for instance, when considering the impact 
of oil prices on the growth of an economy. Here, it is important to mention earlier re-
searchers’ conclusions. (i) An increase in oil prices preceded all but one of the five signifi-
cant recessions that hit the United States at the end of World War II and in 1973. (ii) Ac-
cording to Barsky and Kilian (2001), the fundamental cause of stagflation in the 1970s was 
not the price of oil, but rather monetary factors. (iii) More importantly, Mork (1989) ob-
served that, while an increase in oil prices has a negative impact on GDP, a fall in oil prices 
would result in economic growth, at least in the United States. (iv) Kilian (2009) laid the 
framework for a rigorous assessment of the asymmetric effect of oil price shocks by criti-
cizing symmetry-assuming studies since they saw exogenous oil price shocks as a factor. 
A non-linear relationship might exist with other macro-economic fundamentals; examples 
of non-linear relationships between exchange rate and macro-economic fundamentals can 
be found in previous research (Chinn 1991; Arghyrou and Chortareas 2006; Aghion et al. 
2009; Vieira et al. 2013; Alagidede and Ibrahim 2016). 

For the above-mentioned purpose, the NARDL model is applied in this study to an-
alyze the asymmetric and symmetric relationship between exchange rate and macro-eco-
nomic fundamentals. This NARDL model was developed by Shin et al. (2014) and is an 
extension of an earlier NARDL model, which was only capable of gauging the linear rela-
tionship between dependent and independent variables. This study, using the NARDL 
model, will be an addition to the existing finance literature, as its application provides 
significant results. There are numerous macro-economic fundamentals that have been 
used by previous researchers to check their linear relationship with exchange rate. From 
these fundamentals, the most significant explanatory variables were selected for this 
study, i.e., money supply (Kim et al. 2000), interest rate (Groen 2000), GDP (Hwang and 
Wu 2011), inflation (Hwang and Wu 2011), trade balance (Qayyum et al. 2016), and oil 
and gold prices (Barsky and Kilian 2001). The economy of Europe is also at stake after 
Brexit, which is evident from the geographical, economical, and immigration-related pol-
icy transformations in the UK and other euro countries. The above could be the most im-
portant reason to determine the significant indicators for these respective countries. 
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The aim of this research study is to provide a robust model for forecasting the ex-
change rate of MSCI index advanced markets for achieving their 2023 goals. The reason 
for the selection of European advanced markets is their currencies’ fluctuation due to on-
going global pressure, i.e., the US loan ceiling, Ukraine war, and Brexit. As a result, the 
British GBP, EUR, and DKK have been depreciating continually against the US dollar. 
Considering the above, the objective of this study is to find answers for the following: 

1. Firstly, it investigates the influence of the selected explanatory variables on the 
exchange rate. 

2. Secondly, it investigates the effect of composition of explanatory variables (nega-
tive or positive) on the exchange rate and examines whether the relationship between ex-
change rate and the explanatory variables is symmetric or asymmetric. 

3. Lastly, it aims to determine whether the NARDL model can effectively forecast the 
exchange rate of MSCI Index European advanced markets. This study would contribute 
to the existing literature, as the NARDL has not been previously used for forecasting ex-
change rates. 

2. Literature Review 
There are several theories in the literature explaining the relationship between ex-

change rates and macroeconomic fundamentals. Most of these theories emphasize linear 
relationships; however, many have been rejected by researchers. The theories related to 
the exchange rate determination and findings of previous researchers are as follows: 

(a) The Balance of Payment Theory 
Each country’s balance of payment influences the exchange rate between two incom-

patible currencies, in accordance with Johnson’s (1977) balance of payment theory. The 
demand for any specific currency is considered to exert pressure on exchange rate value 
in relation to other paper currencies. Consequentially, a depreciation trend was observed 
by other currencies. 

The balance of payment hypothesis has faced criticism from economists, theorists, 
academics, and practitioners for several reasons, some of which are as follows: 

1. Even though there are imbalances in the market today, such as exchange re-
strictions and trade-related inadequacies, this theory irrationally assumes the existence of 
perfect competition. 

2. The BOP hypothesis invalidly assumes that internal price level and exchange rate 
have no causal relationship. However, price volatility does influence exchange rate to 
some extent. 

3. From this perspective, exchange is the function of balance of payments, not the 
other way around, and the exchange rate itself ultimately causes adjustments in the bal-
ance of payments position. 

(b) The Interest Parity Theory 
The interest parity hypothesis, in contrast to Keynes’ Balance of Payment theory from 

1936, presupposes that demand and supply of each nation’s national currency determine 
the exchange rate. Exchange rates, unlike interest rates, are directly influenced by actual 
income and price levels. 

The following drawback of the theory has made economists lose interest in it. 
1. This strategy failed to account for changes in the value of major currencies during 

1973–1977 currency floatation and did not adequately consider business factors. 
2. This technique incorrectly assumes that bonds are correctly alternating. 
3. Because the indicators showed incorrect signs during analysis, this model per-

formed poorly in experiments. 
(c) The Portfolio Balance Approach Theory 
The portfolio balance approach developed by Markowitz (1952) was designed to ad-

dress the limitations of the monetary approach. Bonds and international trade are 
acknowledged as faulty replacements, and the model incorporates commerce. The core 
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principle of this method is that exchange rate equilibrium can be established by balancing 
the supply and demand of financial assets. 

According to this theory, expanding money supply results in a decrease in interest 
rates. This shift causes the domestic currency to weaken, increasing exports and decreas-
ing imports. 

There are not many drawbacks to the portfolio balance method. First, the exchange 
rate element is disregarded. Second, it does not take trade flow into account. Many aca-
demics claimed that empirical research carried out on the subject had produced incon-
sistent results. The current application of this approach does not fully explain how ex-
change rates are determined. 

The above-mentioned theories, shown in Table 1, provide a symmetric relationship 
between different macroeconomic fundamentals and the exchange rate, but they also face 
criticism. One reason was researchers’ failure to recognize and consider non-linearity. 

Table 1. Shortcomings in exchange rate theories. 

Theory Shortcomings 
The Balance of 
Payment Theory 

• This theory assumes existence of perfect competition, whereas 
there are imperfections in today’s market.  

• This theory postulates that exchange rate is a function of bal-
ance of payment, whereas exchange rate itself sometimes 
brings about adjustment in balance of payment. 

• (Alonso and Garcimartín 1998) 
The Monetary 
Approach to 
Exchange Rate 
Theory 

• This approach failed to describe the deviations in foreign ex-
change rates of major currencies during the period of currency
floatation since 1973. 

• (Afat et al. 2015) 
The Portfolio Balance 
Approach Theory 

• It disregards real income as an element of exchange rate and 
does not deal with trade flows. 

• Produced only miscellaneous outcomes. The current form of
this approach does not constitute a comprehensive theory. 

• (Magud et al. 2011) 

The relationship between exchange rates and macroeconomic fundamentals has long 
been a subject of interest to economists and policymakers. Traditionally, the focus has 
been on linear relationships, where changes in macroeconomic fundamentals lead to pro-
portional changes in exchange rates. However, recent research has revealed evidence of 
non-linearity in this relationship, suggesting that the impact of macroeconomic funda-
mentals on exchange rates may be contingent upon various factors and may exhibit non-
linear patterns. This literature review aims to provide an overview of key studies investi-
gating non-linearity and their implications. 

The literature provides evidence suggesting the possibility of an asymmetric or non-
linear relationship between exchange rates and different macroeconomic indicators. For 
instance, many academics have examined the connection between exchange rate and in-
terest rate using direct causality methods and have not found any concrete proof of corre-
lation between the two. (Kayhan et al. 2013; Tari and Abasiz 2009; Asadullah et al. 2020; 
Rasheed et al. 2020). MacDonald and Nagayasu’s (2000) panel sample cointegration anal-
ysis revealed a weak link in the long-term relationship between exchange rates and inter-
est rates at the equilibrium. 

Gente and León-Ledesma (2006) examined the effects of foreign interest rate changes 
on the exchange rate of various East Asian countries by using VAR analysis. They con-
cluded that there is a significant long-term negative relationship between exchange rate 
and interest rate in South Korea and Malaysia, whereas GDP factor had a significant pos-
itive relationship with exchange rate in Malaysia and Thailand. 
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In another cross-sectional study, Lee-Lee and Hui-Boon (2007) analyzed the exchange 
rate movement via ARDL and VAR approaches in Southeast Asian countries. Their find-
ings evidenced that money supply and trade balance affect MYR significantly in the short 
run. Further money supply has also increased pressure on the THB and SGD. Lastly, in-
terest rate shows minimal impact in Southeast Asian countries. 

The literature highlights numerous studies reporting varied results regarding the re-
lationship between the exchange rate and the macroeconomic fundamentals. According 
to Cuestas and Mourelle (2011), it is crucial to account for the non-linear relationship be-
tween the exchange rate and the GDP to reduce the likelihood of erroneous regression 
results. Numerous researchers have discovered a non-linear link between the exchange 
rate and GDP, including Goda and Priewe (2020), Aghion et al. (2009), Vieira et al. (2013), 
and Alagidede and Ibrahim (2016). According to Vieira et al. (2013), high exchange rates 
boost economic growth in both established and emerging economies, while low exchange 
rates have the opposite effect. 

Asık (2023) tested the impact of inflation on TRY’s exchange rate against USD, focus-
ing on currency devaluation shocks in Turkey due to various factors. The author applied 
the NARDL approach for the purpose of analysis and concluded that inflation has a sig-
nificant relationship with the exchange rate. Therefore, exchange rate fluctuations should 
be carefully monitored by the policymakers. 

Sa’ad et al. (2023) has also applied the NARDL approach in their study to find the 
impact of oil price shocks and inflation on the exchange rate of the Nigerian currency. The 
results provided evidence of an asymmetric relationship between the exchange rate and 
oil price and inflation. 

Qayyum et al. (2016), Hussain and Bashir (2013), and Magee (1973) proved that in 
certain economies, an asymmetrical relationship between trade balance and exchange rate 
is caused by the J-Curve. Chinn (1991) used both linear and non-linear methods to exam-
ine the connection between the exchange rate and trade balance. The author provided 
monthly data to test the link between RMSE and MAE. The author concluded that non-
linear dynamics are present in many trade balances. In this instance, the nonlinear model 
performs better than the linear one. 

Several international studies have confirmed a nonlinear relationship between trade 
balance and exchange rate, including research by Aliyu and Tijjani (2015), Karamelikli 
(2016), Lin and Fu (2015), and Hassani et al. (2014). Arghyrou and Chortareas (2006) stated 
that this relationship has had structural breaks over the past forty years and is often non-
linear. According to Floyd (2007), the link between the exchange rate and the trade balance 
is ambiguous. 

Additionally, oil and gold prices are significant determinants of the exchange rate. 
However, research studies analyzing the asymmetric relationship between currencies of 
European advanced markets and gold and oil prices remain scarce in the existing litera-
ture. Therefore, to address this gap, the study incorporates two time series into a single 
set of explanatory variables. 

The existing literature concludes that macroeconomic fundamentals may exhibit lin-
ear or non-linear relationships with exchange rates. Hence, it is essential identify the var-
iables that could affect the exchange rate of advanced European countries in future. Fur-
ther, the failure of earlier theories in determining exchange rates highlights the need to 
find the key determinants of exchange rate for European advanced markets, as indexed 
by the MSCI. As Europe is going through the process of re-structuring after Brexit 2020, it 
is important to stabilize the exchange rate of these markets to achieve EU goals 2023. 

To address this issue, the NARDL model will be applied to analyze the symmetries 
and asymmetries between the exchange rate and macroeconomic fundamentals. The 
NARDL model provides both long- and short-run coefficients by decomposing the varia-
ble into positive and negative sub-variables. Both short-run and long-run significant var-
iables will be identified in the empirical analysis section. The following hypotheses have 
been developed after reviewing the existing literature. 



Economies 2024, 12, 326 6 of 16 
 

H1: There is an asymmetrical relationship between the exchange rate and GDP. 

H2: There is an asymmetrical relationship between the exchange rate and money supply. 

H3: There is an asymmetrical relationship between the exchange rate and interest rate. 

H4: There is an asymmetrical relationship between the exchange rate and inflation. 

H5: There is an asymmetrical relationship between the exchange rate and trade balance. 

H6: There is an asymmetrical relationship between the exchange rate and oil price. 

H7: There is an asymmetrical relationship between the exchange rate and gold price. 

H8: There is an asymmetrical relationship between the exchange rate and foreign reserves. 

The macroeconomic fundamentals include money supply, foreign reserves, GDP, in-
terest rate, inflation rate, oil price, gold price and trade balance. Further, the above hy-
potheses are formulated for each advanced European market’s currency individually, 
namely GBP, EUR and DKK. 

3. Methodology 
3.1. Data 

The data used for this study are time series data of exchange rates covering the period 
from 2012 to 2022 sourced from the IFS website (database of IMF). The selected data have 
a monthly frequency due to the unavailability of daily data for the explanatory variables 
interest rate, inflation rate, oil price, gold price, trade balance, foreign reserves, GDP and 
money supply. In this study, Industrial Production Index (IPI) has been taken as the proxy 
of GDP because it is available on a monthly basis. Additionally, this proxy aligns with 
previous studies that have used the same proxy (Bildirici et al. 2011; Civcir and 
Akçağlayan 2010; Mansour et al. 2024; Soybilgen et al. 2019). IPI calculates the output of 
an economy in relation to a base year and includes sectors like energy, gas, manufacturing, 
electric and mining. Using GDP as a variable will not be viable due to unavailability of 
monthly data, and IPI fills this gap by representing the GDP precisely. For money supply, 
the money base growth is selected as the indicator of money supply since the data are 
available, and it also provides more accurate information about money supply 
(Funashima 2020). 

3.2. Sample 
The sample for this study consists of three advanced markets of the European econ-

omy indexed by MSCI. These markets are the Euro Zone, United Kingdom and Denmark. 
The selection of these markets is justified by the fact that they are classified as Advanced 
Markets by MSCI. The Eurozone itself is the combination of twenty EU member states. 
Studying this sample is significant because the EU is the largest global economy, with a 
GDP per capita of EUR 25,000. 

3.3. Statistical Instrument 
Before discussing NARDL, it is important to explore the history of ARDL, which pro-

vided the basis for Shin et al. (2014) to create the NARDL technique. The Auto Regressive 
Distributive Model is a time series-based causal econometric methodology with a few 
shortcomings. 

Previous research has not extensively focused on predicting currency rates using 
ARDL. An analysis of the relationship between the explanatory and dependent variables 
can be carried out using econometric models. Similarly, using an econometric model to 
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identify the variables affecting an exchange rate can help to identify the determinant var-
iables and the causes for their volatility. In this study, both dependent and controllable 
factor panel analysis are conducted. 

To discover asymmetric impacts in the long term and short term using positive and 
negative partial sum decompositions, Shin et al. (2014) created a non-linear ARDL model. 
The NARDL approach encompasses more information for researchers than ARDL. To ob-
tain the desired results, the analysis can be performed initially on a small sample size. 
Secondly, they can be used whether the regressor is stationary at level or at the first dif-
ference (i.e., I (0) or I (1)), depending on the situation. If stationary, the mean, variance, 
and co-variance of the time series should be constant; otherwise, the time series will not 
be effective for the further analysis. 

The NARDL approach has gained the attention of current researchers, and hence, it 
is extensively applied (Asık 2023; Kumar et al. 2023; Amor et al. 2023; Shamwil et al. 2023). 
Anderl and Caporale (2023) have applied both ARDL and NARDL in their study and 
found NARDL’s results more robust and reliable than the ARDL technique due to its 
unique characteristics. 

In NARDL, the lag selection criterion is a simple automatic selection, which follows 
optimal lag selection via Akaike or Bayesian criteria (Kripfganz and Schneider 2023). 
There is also a manual method to determine the appropriate lag by either finding the least 
AIC or other information criterion of different lag combinations and then choosing the 
minimum AIC or Schwarz value.  

4. Empirical Results 
Like ARDL, the time series should be stationary at the level or at first difference; this 

is one of the pre-requisites of the NARDL technique. So the time series of exchange rate 
data has been tested via Augmented Dicky Fuller and Phillips–Perron test to avoid bias. 
Table 2 shows that the exchange rate time series of all three markets was found to be sta-
tionary at the first difference, fulfilling the initial criteria of NARDL analysis. 

Table 2. Unit root of exchange rate time series. 

Country 
ADF Test PPP Test 

Level 1st Diff. Level 1st Diff. 
Denmark −1.752380 −11.61459 ** −1.915538 −11.64234 ** 
Euro Area −1.925379 −11.08257 ** −2.084963 −11.05532 ** 

United Kingdom −2.396959 −11.71410 ** −2.499652 −11.63799 ** 
** Significant at 5%. 

Figures 1–3 represent the graph of DKK, EUR, and GBP at level and first difference. 
All time series have an upward trend at difference and are stationary at level, whereas at 
first difference, all trends have been removed and series are found to be stationary and fit 
for the time series analysis. In the above figures, we can also find the upward trend in 
exchange rate in DKK, EUR and GBP. There is a sharp increase in exchange rate in EUR 
and DKK during the financial year 2014 and 2015, whereas both currencies appreciated in 
2018. GBP faced sharp depreciation from 2014 to 2016, whereas it gained against USD in 
2018. 
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Figure 1. Denmark. 
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Figure 3. United Kingdom. 

After testing the unit root of exchange rate of all markets, it is also important to test 
the unit root of explanatory variables which are included in the NARDL analysis. Table 3 
illustrates the unit root of oil price and gold price, which are mutual in the above-men-
tioned three cases, i.e., Denmark, Euro Area, and United Kingdom. 

Table 3. Unit root of oil price and gold price. 

Variable 
ADF Test Phillip–Peron Test 

Level 1st Diff. Level 1st Diff. 
Oil Price −2.6640 −8.5447 ** −2.2433 −8.3373 ** 

Gold Price −0.0626 −8.7842 ** −0.3256 −8.7474 ** 
** Significant at 5%. 

Table 3 further demonstrates that time series data of oil and gold price are found 
stationary at first difference; therefore, we can include these variables as explanatory var-
iables in the NARDL analysis. 

As discussed earlier, the other selected explanatory variables, i.e., interest rate, infla-
tion rate, trade balance, GDP, money supply and foreign reserves’ unit root, are also tested 
and illustrated in Table 4. Table 4 shows that all variables are found to be stationary either 
at level or at first difference. None of the variables violate the NARDL pre-requisite crite-
ria, i.e., stationary at the second difference. 
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Table 4. Unit root of explanatory variables. 

ADF Test PP Test 
Variables Level 1st Diff Level 1st Diff. 
Denmark     

Foreign Reserves −3.3746 −9.245 ** −3.4068 −9.2455 ** 
Money Supply −3.1050 −10.996 ** −3.3983 −10.999 ** 
Inflation Rate −1.1393 −10.097 ** −1.1372 −10.148 ** 
Interest Rate −5.0075 ** - −1.4729 −7.4784 ** 

Trade Balance −8.2738 ** - −7.9812 ** - 
GDP −9.3070 −10.6517 ** −9.0556 ** - 

Euro Area     
Foreign Reserves −2.2276 −10.505 ** −2.3985 −15.686 ** 

Money Supply −3.2798 −7.4680 ** −2.0893 −7.9521 ** 
Inflation Rate −3.0014 −12.126 ** −3.0136 −12.192 ** 
Interest Rate −1.8338 −9.1822 ** −2.1268 −9.1831 ** 

Trade Balance −1.8297 −3.5006 ** −6.4736 ** - 
GDP −3.4671 ** - −10.176 ** - 

United Kingdom     
Foreign Reserves 0.2421 −13.9124 ** −3.6833 ** - 

Money Supply −2.7450 −4.5892 ** −2.4023 −4.4800 ** 
Inflation Rate −3.9119 ** - −2.2755 −9.9799 ** 
Interest Rate 2.999 * - 3.2517 * - 

Trade Balance −4.864 ** - −9.0823 ** - 
GDP −3.5110 ** - −10.798 ** - 

Note: **, * show the significance level at 5% and 10% levels. 

Table 5 shows the most significant part of the study, namely long-term coefficients 
that depict the association of explanatory variables with the exchange rate. In the case of 
Demark, the log linear equation has been run due to the existence of autocorrelation, as it 
is important to ensure that the time series does not possess the problem of autocorrelation, 
heteroscedasticity or normality (Mansour et al. 2023). The diagnostic test results are avail-
able in Table 6. 

Table 5. Long-run coefficients. 

Country Long-Run Coefficients 

Denmark 

LOG(FE) = 1.5241 − 0.000 × FR_NEG − 0.023 × INF_POS + 0.4721 × IR_POS + 0.123 × IR_NEG 
(−2.836)         (−2.126)       (2.417)         (2.517) 
[0.006]          [0.037]       [0.018]         [0.014] 

−0.002 × GDP_POS − 0.000 × GP_NEG + 0.004 × OP_POS − 0.0003 × OP_NEG 
(−2.028)          (−2.384)         (2.882)          (−4.103) 
[0.047]           [0.020]         [0.005]            [0.000] 

Bound Test, F Statistic: 3.4833493 
I0 Bound: 3.39, I1 Bound: 2.96 (5% significance) 

Euro Area 

FE = 0.7048 + 0.0012 × MS_POS − 0.0002 × GP_POS − 0.003 × OP_NEG − 
(2.777)        (−2.752)         (−3.918) 
[0.007]         [0.008]         [0.000] 

0.000 × TB_POS + 0.000 × FR_NEG 
(−1.991)       (1.990) 
[0.005]        [0.005] 

Bound Test, F Statistic: 3.8303 
I0 Bound: 3.79, I1 Bound: 2.96 (5% significance) 
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United 
Kingdom 

FE = 0.256 − 0.0000 × FR_POS 
(1.999) 
[0.003] 

Bound Test, F Statistic: 3.1828 
I0 Bound: 3.06, I1 Bound: 1.95 (10% significance) 

The above table illustrates that in the Denmark market, a decline in one unit of for-
eign reserves and gold prices leads to minor appreciation of DKK. It is also concluded that 
the relationship between the exchange rate and interest rate is asymmetric, i.e., DKK de-
valued during the period of interest rate fluctuation; this it is inconsistent with the find-
ings of Kayhan et al. (2013), Tari and Abasiz (2009), MacDonald and Nagayasu’s (2000) 
and Gente and León-Ledesma (2006). The above findings related to interest rate and ex-
change rate reject the postulation of the Interest Parity Theory, which proposes a linear 
relationship between these two variables. With a one unit increase in the interest rate, the 
exchange rate devalued by 0.47 percent, but a one unit decrease in interest rate led to de-
valuation of DKK by 0.12 percent. The above relationship shows non-linearity, and that is 
why the NARDL approach is better than ARDL in this study. The changes in the oil prices 
also affect DKK significantly and are found to be asymmetric, like interest rate. The in-
crease or decrease in oil price affects/devalues the Danish currency. When there is a de-
cline in oil prices, exchange rates appreciate, but the proportion is a little higher in the case 
of the increase in oil prices. This signifies more payments abroad for the purchase of gas-
oline. The asymmetric relationship of oil and exchange rate supports the findings of Sa’ad 
et al. (2023), as they obtained the same results in their study. The decrease in gold prices 
and foreign reserves devalues the Danish currency, though with a lesser impact. Hence, 
considering the above relationship in the trend of prices, the government of Denmark and 
traders may purchase gold from the global market when the price of gold is low. This 
could be one of the reasons for the devaluation of currency during that period. It also 
evidences that an increase in GDP helps strengthen DKK to some extent, and this is con-
sistent with the findings of Goda and Priewe (2020), Aghion et al. (2009), Vieira et al. 
(2013), Alagidede and Ibrahim 2016, and Gente and León-Ledesma (2006) Higher inflation 
also stabilizes DKK in the long run because productive inflation is significant for the 
growth of any economy. The results are inconsistent with the postulation of The Interest 
Parity Theory, but confirm the findings of Sa’ad et al. (2023). 

In the Euro Zone, the money supply affects the exchange rate of EUR negatively in 
the case of an increase in money supply in the market, which is consistent with the postu-
lation of The Portfolio Balance Approach theory and the results of Lee-Lee and Hui-Boon 
(2007). A one unit increase in money supply leads to a devaluation of the currency by 0.001 
percent. Like Denmark, EUR also loses its value during the tenure of increase in gold 
prices, and decrease in oil prices and foreign reserves. EUR has gained its value with trade 
surplus and an increase in gold prices. The devaluation of EUR with trade surplus affirms 
the postulation of the balance of payment theory approach. It is also consistent with the 
results of Lee-Lee and Hui-Boon (2007) and inconsistent with the findings of Qayyum et 
al. (2016), Lin and Fu (2015), Aliyu and Tijjani (2015). The British GBP emerges as one of 
the strongest currencies, as only an increase in foreign reserves enhances the value of GBP, 
with minor changes. None of the other variables affect the exchange rate in the long run. 
In NARDL, it is important to determine the validity of long-run coefficients; therefore, the 
Bound testing approach has been applied. The theory suggests that if the F-statistic is 
higher than the upper and lower bounds, then it is evidence of the long-run relationship 
between the dependent and independent variables; on the other hand, if the F-statistic 
value lies between the upper and lower bounds at any level significance, then the long-
term relationship is inconclusive (Shahbaz et al. 2012). In the above cases, it is found that 
the F-statistics are higher than the upper and lower bounds in the case of Denmark, the 
United Kingdom and the Euro Zone markets; therefore, it is evident that the above-men-
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tioned long run relationship between the exchange rate and the macroeconomic funda-
mentals is justified. The t-statistics and p-values are shown in round and box brackets, 
respectively. 

Table 6 interprets the short-run coefficients of the exchange rate. The results evidence 
that inflation plays a significant role in determining the exchange rate, as was observed in 
the section of long-run models. It has been observed that the decrease in inflation weakens 
the Euro Area currency, which is inconsistent with the Interest Parity Theory postulations. 
Consumption increases during the inflation period in the Euro area, which eventually in-
creases the demand for goods and services. The short-term decrease in money supply de-
values EUR slightly, which is inconsistent with the Portfolio Balance Approach theory 
postulations. The short-term interest rate also plays an essential part in determining the 
exchange rate. 

Table 6. Short-run coefficients in advanced markets. 

Country Short Run Coefficients 

Denmark 

∆ LOGሺERሻ୲ = −0.6395 − 0.000 × ∆FR_NEG୲ + 0.3163 × IR_POS୲ିଷ + 0.0119 * 
(−2.501)          (2.265) 
[0.015]           [0.027] 

∆IR_NEG୲  + 0.000 × ∆ MS_POS୲ିଶ + 0.000 × ∆ MS_NEG୲ିଵ  
(2.597)              (2.222)               (2.263) 
[0.021]              [0.030]               [0.027] 

+0.001 × ∆ GDP_POS୲ିଵ − 0.000 × ∆GP_NEG୲ 
(2.214)           (−2.197) 
[0.030]            [0.032] 

F = 64.5509 [0.000] 

Euro Area 

∆FE = −0.6022 + 0.000 × ∆ MS_NEG୲ − 0.007 × ∆INF_NEG୲  
(2.363)          (2.425) 
[0.030]          [0.028] 

F = 63.883 [0.000] 

United Kingdom 

∆FE = −0.0899 − 0.002 × ∆OP_POS୲ିଶ 
(−2.090) 
[0.040] 

F = 11.8849 [0.000] 
Note: * shows the significance level at 10% levels. 

In the case of DKK, an increase in three-month IR_POS୲ିଷ and one-month short-run 
interest rate IR_POS୲ causes DKK to appreciate by 0.3163 units. It is also against the Inter-
est Parity Theory, which postulates that interest rate and exchange rate have an inverse 
relationship. It is also found that there is an asymmetric relationship between money sup-
ply and interest rate and exchange rate, which negates the Portfolio Balance approach 
theory postulations. In the short term, DKK loses its value in all four of the above-men-
tioned cases. Like the long run, DKK was also devalued with a decrease in gold price in 
the short run. 

GBP loses its value due to an increase in oil price in the short run, indicating that the 
UK buys more oil during the period of low oil prices, which is consistent with the findings 
of Sa’ad et al. (2023). The t-statistics and p-values are shown in round and square brackets, 
respectively. 

Table 7 describes the results of diagnostic tests related to the above-mentioned mar-
kets. The NARDL approach assumes that data do not contain the problem of serial auto-
correlation, heteroscedasticity, normality or omission; therefore, the Rest Ramsey Test, 
Breusch Pagan Test for heteroscedasticity, Breusch–Godfrey test for serial correlation and 
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Normality test are used. The resulting p-values show that there are no problems of heter-
oscedasticity, autocorrelation, omission or normality in the data of the selected markets; 
therefore, we can conclude that the results from NARDL are reliable and valid. The Reset 
RAMSEY test also shows that the models are fit and there is no issue of omission of im-
portant variables in the model. 

Table 7. Diagnostic tests results. 

Markets 
 Diagnostic Tests 

 Normality Heteroskedasticity Serial 
Correlation 

RAMSEY 
Test 

Denmark  0.9015 0.9909 0.8653 0.9101 
Euro Area  0.8719 0.5698 0.2577 0.1115 

United 
Kingdom  0.2434 0.8078 0.1166 0.9962 

Figures 4–6 below depict the values of cumulative Sum (CUSUM) and its square 
value for Denmark, the Euro Area and the United Kingdom. The figures below indicate 
the stability of the NARDL model, as the model criteria do not surpass the upper or lower 
layers in any case and stay within a stable zone. 

-30

-20

-10

0

10

20

30

I II III IV I II III IV I II III IV I II III IV I II III IV

2015 2016 2017 2018 2019

CUSUM 5% Significance

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

I II III IV I II III IV I II III IV I II III IV I II III IV

2015 2016 2017 2018 2019

CUSUM of Squares 5% Significance  

Figure 4. CUSUM and CUSUM of Square—Denmark. 
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Table 8 shows the Mean Absolute Percentage Error (MAPE) values, which were de-
rived from NARDL analysis. The values of 2022 are forecasted by the NARDL method to 
validate the findings, i.e., whether or not long-run and short-run coefficients can forecast 
the exchange rate. The results suggest that NARDL is also capable of forecasting the ex-
change rate along with assessing the linear or non-linear relationship between the ex-
change rate and macroeconomic fundamentals. The resultant MAPE values are less than 
two. These are highly robust values in the context of forecasting; hence, it is a contribution 
to the literature of finance to apply NARDL for the purpose of forecasting any time series. 

Table 8. MAPE values (forecasting). 

Market Denmark Euro Area United Kingdom 
MAPE Values 1.580 1.390 1.947 

5. Conclusions and Policy Implications 
The objective of this study is to determine the symmetric and asymmetric relation-

ship between exchange rate and selected macroeconomic fundamentals (oil prices, gold 
prices, GDP and foreign reserves) of Morgan Stanley Capital International (MSCI) indexed 
advanced European markets, namely Denmark, the Euro Zone and the United Kingdom, 
via the application of NARDL. The purpose of choosing these European advanced mar-
kets is that their currencies fall under floating exchange rate regimes, namely DKK, EUR 
and GBP. The results suggest that the application of NARDL is significant because there 
is an asymmetric relationship between the explanatory and dependent variables, as we 
discussed in the previous section. The NARDL method also possesses robust characteris-
tics of forecasting, as the resultant MAPE values are less than two, which itself is evidence 
of its robustness. 

Further, the study suggests that the Danish government should implement such pol-
icies that would protect DKK in future. Policy makers should stabilize the foreign reserves 
because the fall in reserves leads to a devaluation of the currency. At present, the foreign 
reserves of the Danish economy lie between USD 75 and 76 billion, though it is noticeable 
that during 2015, it reached its highest, at USD 108 billion. Hence, the financial policy to 
be followed by Denmark should be well defined in relation to interest rates, as both rise 
and fall lead to a devaluation of its currency. That is, international investors do not deposit 
or invest in Denmark, as they may find better options globally. The interest rate in Den-
mark is too low, at 2.85%, to attract any investor; this could be considered the reason for 
currency devaluation, as investors opt for other global investment options. Productive in-
flation is an indicator of economic growth; this can be observed in Denmark, as controlled 
inflation strengthens DKK. Productive inflation leads to the cycle of growth; when GDP 
increases, DKK strengthens. The GDP of Denmark reached an all-time high in fiscal year 
2023, at approximately USD 398.3 billion, which ultimately supported DKK. Therefore, it 
is suggested that the Danish government should continue and control the policies related 
to the inflation that enhances their growth and stabilizes the currency. 

The currency of the United Kingdom is distinctive, because other than foreign re-
serves, other macroeconomic variables do not play any significant role in the determina-
tion of its currency exchange rate. When foreign reserves increase, the GBP appreciates 
against USD; therefore, it is recommended for policy makers to stabilize or enhance for-
eign reserves to keep the currency in the optimal zone. In the case of the Euro Zone, policy 
makers should prepare such policies to avoid an increase in money supply and try to sta-
bilize the foreign reserves, Otherwise, EUR will lose its value against USD. Surprisingly, 
the Euro Zone is not an oil-producing economy, but EUR weakens when oil prices decline. 
One of the reasons for the above relationship is the excessive and forward purchasing of 
oil at lower prices, which eventually decreases the foreign reserves and weakens EUR 
against USD. Subsequently, when cheap oil is used in the production cycle, GDP increases 
and EUR strengthens. This policy should be carefully handled by policy makers, as it may 
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cause concern during a global recession. The economy of the UK has been almost stagnant 
since 2000, i.e., the GDP lies around USD 3.131 trillion; therefore, no impact of exchange 
rate output, either an increase or decrease, has been observed. Even though GDP seems 
satisfactory for the policy makers, achieving the optimum level requires finding addi-
tional opportunities to further enhance economic growth. 

Further, the result of diagnostic testing reveals that there is no autocorrelation, het-
eroscedasticity, omission or normality; therefore, the data and findings are validated. The 
bound testing approach has also been applied in this study to confirm the long-run rela-
tionship between the exchange rate and independent variables. Further, the cumulative 
sum (CUSUM) and CUSUMQ are run to determine the stability of all models. The 
CUSUM and CUSUMQ figures illustrate that the model criteria fall within the favorable 
zone, which is evidence of the stability of all NARDL models; hence, the findings are au-
thenticated. 

Moreover, it is concluded that NARDL can play a vital role in determining the ex-
change rate equilibrium by identifying the significant indicators. With the help of 
NARDL, we can also forecast the exchange rate of European advanced markets as indexed 
by the MSCI Index. It is observed that the Euro Area and Denmark have structured poli-
cies which weaken their currency in the first stage and strengthen them in the second 
stage, whereas GBP is an exception to macroeconomic linkages. Considering the circum-
stances discussed above, the concern is that during recession, the economy will face diffi-
cult challenges. Hence, policy makers need to prepare alternate plans. The findings will 
also be beneficial in future periods when the EU undergoes transformation from both ge-
ographical and economic standpoints. 

From the findings, it is recommended to the Danish monetary policy makers to keep 
the interest rate low because the increase in interest rate will devalue the currency. The 
short-term increase in deposit affects DKK more significantly than in the long run. Fur-
thermore, an increase in interest rate leads to an increase in inflation; therefore, if the in-
terest rate is at the optimal level, the productive inflation tends to appreciate DKK. The 
fiscal policy makers should prepare such policies, which will eventually lead to trade bal-
ance, because gold and oil trade have played an important role in the determination of 
equilibrium of DKK against USD. 

In the case of the Euro Area, the fiscal policy should be prepared to limit the injection 
of money supply into the market, as this depreciates EUR against USD. They should also 
keep an eye on reserves, because if foreign reserves dilute, EUR depreciates. The Euro 
Area policy makers should purchase and save crude oil at cheaper prices, which will 
strengthen EUR against USD and help to stabilize the trade balance and foreign reserves. 

For GBP, the Central Bank of England should follow a straight job of maintaining 
their foreign reserves in the long run and purchase their oil requirements more when the 
prices are low, because an increase in oil prices devalues GBP against USD in the short 
run. 

The contributions of the study can be concluded in three concise points, mentioned 
below: 
1. The findings contradict the postulation of existing conventional theories related to 

determining exchange rates. 
2. The study is an additional contribution to the existing literature, as NARDL has not 

been applied extensively in advanced market exchange rate determination. 
3. The above results will be beneficial for policy makers, as they forecast exchange rate 

effectively and efficiently, as evidenced from the finding that MAPE value in all cases 
is less than two percent; hence, it validates the novel contribution to the existing lit-
erature. 
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