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Abstract 

The present empirical research is a pioneering study to identify the multiple episodes of bubbles 

in Pakistan’s economy’s nominal rupee-dollar exchange rate for three data sets: annual, 

quarterly, and monthly. The high-frequency data sets benefit from the close analysis of the 

dilemma. The famous Generalized Supremum Augmented Dickey-Fuller GSADF test 

determines the explosive multiple bubbles in Pakistan’s exchange rate. Annual data r1evealed 

that the two episodes of bubbles were first from 1988 to 2003 and second from 2018 to 2019. 

The quarterly data set reported that there are three episodes of the bubble: the first starts from 

the 1st quarter of 2009 to the 2nd quarter of 2015, the second from the 3rd quarter of 2015 to the 

3rd quarter of 2017, the third starts from the 4th quarter of 2017 to 2nd quarter of 2021. Finally, 

the monthly data set reports a single bubble episode from 2009M03 to 2021M06—such bubbles 

in the exchange rate call for instability in forthcoming trade contracts. Pakistan’s government 

should adopt tight monetary and fiscal policies to avoid exchange rate bubbles in the future. 

 

Keywords: Bubbles, Generalised Supremum Augmented Dickey-Fuller (GSADF),  Exchange 

rate, Pakistan. 

 

 

Introduction 

In the 1970s, the fixed exchange rate system following the Bretton Woods system was changed 

to a flexible system, and significant countries of the world adopted it. Under such a system, the 

currencies could float around the dollar, and the fixed exchange rate regime ended. The 

exchange rates are affected by significant historical events, notably the Asian financial crisis. 

The abrupt and sudden changes in the exchange rates gather the attention of researchers and 

economists to inquire about a situation from multiple dimensions. Some economists believe 

that speculative bubbles cause such abrupt movements in the exchange rate. There are some 
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examples of such bubbles in the exchange rate, for example, sterling-dollar bubbles during 

1980 (Evans, 1986) and some studies reported mixed results (Wu, 1995), (Meese, 1986) and 

(West, 1987b). 

 According to economic literature, a bubble is an observable phenomenon; the sudden 

rise and fall of economic magnitude is known as a bubble. Usually, bubbles are attributed to 

asset prices that show volatile behaviour in the market, specifically when their current value 

exceeds the fundamental value (Brunnermeier, 2016). The investors speculate that future prices 

will be higher, making selling more profitable. That is why they hold assets and do not make 

any transactions. The behaviour of prices affects the economy; hence, its understanding is 

necessary to plan or forecast the future. Exchange rates facilitate trade with different nations 

and serve as economic assets to contain bubbles in the current context (Obstfeld et al., 1996). 

There were bubbles in the economic literature when the peso depreciated 15 per cent against 

the dollar, raising the famous Mexican peso crisis from 1994 to 1995. The Asian financial crisis 

also caused the major currencies to fall abruptly during 1997-1998; these crisis periods caused 

great uncertainty about future ventures. 

 Wealth is redistributed among various factors in an economy when a bubble occurs, 

and it can be direct or indirect, whereas the collapse of a bubble hampers economic indicators 

globally.  It can be fruitful or destroy economic performance (Jiménez & Vilella, 2011). In 

light of these circumstances, several methods and models were used to investigate bubbles in 

the exchange rates around the world (Thompson & Hickson, 2006), (Tirole, 1985), (Evans, 

1991), (Diba & Grossman, 1988). And (Kindleberger, 2000).  The flexible exchange rate is 

beneficial to the macroeconomic performance and it will also facilitate international trade. The 

countries with open capital accounts benefit from this flexible exchange rate position. It is 

hazardous to have pegged exchange rates and open capital accounts simultaneously. The inflow 

and outflow of the capital accounts will be achieved through a flexible exchange rate policy by 

amending the domestic policy. If the country experiences a surplus in the balance of payments 

with the appreciation of the exchange rate, it will increase domestic production prices.  

An exchange rate theory (Johnson, 2015) attributed movements of the exchange rate, 

apart from two other factors, to expected inflation relative to the foreign country. The price 

level ratio of two trading countries is explained according to the purchasing power parity theory 

and its relative counterpart is affected by the changes in the inflation rate. Higher inflation in 

the domestic economy brings about currency depreciation in Pakistan (Zada, 2010). The 

exchange rate volatility for Pakistan is examined in a study that concludes that due to 

inflationary pressure, currency devalues (Parveen et al., 2012).  In addition, Pakistan’s 

exchange rate has depreciated drastically at 20% from April to July of 2018, and its fluctuations 

hurt gross domestic product (GDP); however, its stability will benefit not only GDP but entire 

economic indicators (Hussain et al., 2019). In another study, the exchange rate of the United 

States (the US hereafter) is analysed for its major trading partners. This stance examines the 

consumer price index (CPI hereafter) ratio for the United Kingdom (the UK hereafter) and the 

US versus Japan.  

Resultantly, their relationship is negative between CPI differential and exchange rate, 

the high amount of the CPI will lead to devaluation of the domestic country’s currency (Jamal, 

2005). A study focused on the determinants of the exchange rate found that the inflation rate 

differential negatively affects the exchange rate in the case of less developed economies (Ogun, 

2012). The consumer price index (CPI hereafter) is a reliable measure of inflation in the 

country. When the CPI is low central bank reduces interest rates and vice versa to cut inflation 

back to its original level. In the same manner, CPI significantly impacts the exchange rate, and 

Figure 1 shows the annual exchange rate of Pakistan. 
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Figure 1 Exchange Rate of Pakistani Rupees versus United States dollar 

Source: Author’s Construction 

 

The exchange rate shifting from fixed to flexible in 1973 led to the debate about its volatility 

and uncertainty on trade flows worldwide. Its stability is essential for a developing country like 

Pakistan because it heavily depends on international trade (Saqib et al., 2021). The exchange 

rate has been under debate in different directions for the economy of Pakistan. The depreciation 

of the exchange rate has recently been explored with the help of a macroeconomic model 

focusing on the expansionary effect of the exchange rate (Akbar & Ahmad, 2021). The analysis 

of the exchange rate is an essential development of the time for effective policy design. We are 

motivated by the fact that this may produce bubbles in the exchange rate. We use the technique 

developed by (Phillips et al., 2015) to test the explosive bubbles in the US dollar and Pakistani 

Rupee exchange rate. The rest of the paper is organised as section 2 discusses relevant 

literature, section 3 briefly explains the methodology, section 4 presents results, and section 5 

concludes with policy recommendations. 

 

Literature Review 

A massive amount of literature is available on the phenomenon of the bubble. Asset price 

bubbles were considered the earliest to analyse; the exchange rate bubbles are also crucial to 

the audience. There are various aspects in which bubbles can be classified, and they are 

regarded as the theoretical areas of bubbles (Brunnermeier & Oehmke, 2013; Thompson & 

Hickson, 2006). Broadly, the literature on bubbles is spread over four categories, which will 

define the possibilities of having bubbles in the exchange rate (Brunnermeier, 2016). At the 

outset, investors in the market have enough information regarding rational expectations 

(Kindleberger, 2000), (West, 1987a), (Flood & Garber, 1980), (McKelvey & Palfrey, 1992), 

(Evans, 1991), and (Diba & Grossman, 1988). According to the information provided by these 

models bubbles with an explosive path can be estimated empirically.  

Second, investors in the market have asymmetric information, and they can experience 

bubbles due to the absence of their occurrence (Brunnermeier & Brunnermeier, 2001), (Tirole, 

1982), and (Allen & Gorton, 1993). Likewise, the third class of models refers to the behavioural 

and rational traders in the market for assets such as bubbles. Rational investors cannot 

manipulate the price impact of the behavioural nature of traders because of the limits on the 

arbitrage (Abreu & Brunnermeier, 2003), (Temin & Voth, 2004), (Shleifer & Vishny, 1997), 
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(Brunnermeier et al., 2013). Finally, according to the fourth class of models, if the investors 

believe in different fields in that case the presence of bubbles is valid because of their 

pessimistic behaviour; hence, there remains disagreement on its fundamental value 

(Scheinkman & Xiong, 2003) (Harrison & Kreps, 1978), (Miller, 1977), and (Ofek & 

Richardson, 2003). 

The analysis of these models is segregated into two categories. The first two classes of 

models pertain to the rational expectations approach of the inquiry about bubbles. However, 

they differ according to assumptions underlying asymmetric or similar information of the 

investors and the interaction between non-rational and rational behaviour investors. Finally, 

the fourth group refers to the traders’ pessimistic decision-making, which is why they disagree 

with the decision. This debate will draw attention to analysing the bubbles according to a 

behavioural or rational decision. The psychological approach to analysing the causes of bubbles 

has proved an important one in recent times (Vissing-Jorgensen, 2003), (Hirshleifer, 2001), 

and (Abreu & Brunnermeier, 2003). Despite such a debate about the bubbles, rational bubbles 

take precedence over irrational bubbles, this is evident from the shift of focus of analysis in the 

recent past (LeRoy, 2004). 

The presence of rational bubbles nullifies the formal relationship between prices and 

the nominal exchange rate, and for decades, there has been an incredible amount of literature 

on the exchange rate concerning rational bubbles. In the 1980s, (Evans, 1986) analysed the 

sterling and US dollar exchange rates and found the presence of rational bubbles. Similarly, 

some studies showed mixed results about the bubbles in the exchange rate, and such studies 

include (Wu, 1995), (West, 1987b), and (Meese, 1986). The state-space model is used by 

(Elwood et al., 1999), along with Monte Carlo simulations for the synthesis of the Japanese-

German exchange rate, and concluded that a bubble burst between April and May of 1990 

because this period is considered financial turmoil between both nations. 

Such a bubble has a stochastic rational bubble nature because both are typically 

distributed. The exchange rate is also analysed concerning the tourism industry by constructing 

a panel approach (Bozkurt et al., 2021); in another instance, the impact of the exchange rate is 

seen on the domestic price of the Turkish economy (Bilgili et al., 2021). The relationship of 

the exchange rate channel is seen in the case of Yemen on the monetary transmission 

mechanism, and the study has used a vector autoregressive model for the analysis, it has 

empirically proved the theoretical foundations (Hilmi Özkaya & Alhuwesh, 2021). The 

misalignment of the exchange rate through its regime is also explored. In the case of developing 

countries, the floating exchange rate is used when economies experience peak and expansion 

to cope with overvaluation, whereas, in the case of fixed exchange rate regimes, the monetary 

policy expansion will be used to mitigate the overvaluation (Jebeniani & Trabelsi, 2022).  

To test the speculative bubble’s significance, (Maldonado et al., 2012) took tree models 

for the period and concluded that there are rational bubbles at the 5 per cent significance level. 

Furthermore, the explosive behaviour in the exchange rate of the pound-dollar is found by 

(Bettendorf Chen, 2013) using the sequential unit root test. However, some of the literature 

about speculative bubbles in the exchange rate is unclear. In another study, rational speculative 

bubbles were analysed by the Danish krone, the South African rand, the British pound, and the 

Canadian dollar against the US dollar (Jirasakuldech et al., 2006). The findings reveal that the 

exchange rate, money supply, income and interest rates are stationary at first difference. It 

means insufficient evidence of rational speculative bubbles found in the exchange rates. The 

cointegration results show that there is a long-run cointegration between fundamental variables 

and the exchange rates, its further clarified that the rational exception bubbles do not affect the 

exchange rate for the selected currencies at al. During the COVID-19 pandemic, the exchange 

rate of most economies has been hurt by the economic slowdown around the world; the impact 

of deaths and confirmed cases negatively affected the exchange rate of not only developing 

countries but also of China and the United States of America (Li et al., 2021). 
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The bubbles in the exchange rate of BRICS countries are analysed by (Maldonado et 

al., 2018). The currencies of the countries in the sample include Brazil, Russia, India, China 

and South Africa compared to the US dollar. The study considered rational bubbles that are 

recurring in nature periodically. The fundamental value affecting the exchange rate is derived 

from the purchasing power parity theory concerning interest rate differentials. This study 

concluded in the case of the Chinese economy, that the models which considered fundamental 

values in addition to the asset prices are more suitable to define exchange rate bubbles rather 

than speculative bubbles. To find out the exchange rate bubbles in the BRICS countries’ 

exchange rate against the US dollar (Maldonado et al., 2021) they have used the purchasing 

parity principle (PPP) and modified PPP. They found the presence of bubbles in all BRICS 

countries except China. The results of the study confirm the periodically recurring bubbles.  

The international financial crisis, especially exchange rate bubbles, have gained much 

importance in this connection (Yildirim et al., 2022), analysed the exchange rates of BRICS 

countries and Turkey. They used monthly data from 2002 to 2019 with the help of SADF and 

GSADF tests to find the presence of bubbles in all the counties in the sample except the US 

dollar vs Indian rupee exchange rate. They suggested that the speculative nature of the bubbles 

may cause severe concerns for the countries analysed.  

The interaction between the Renminbi and the dollar of Hong Kong is checked with 

the help of logistic regression, and the result shows multiple episodes of bubbles with the 

GSADF test. The occurrence of bubbles is seen in the nominal exchange rate in the short run 

and the real exchange rate in the long run (Su et al., 2022). It reported additionally that the 

bubbles were seen during the financial crisis; the bubbles were seen in the Renminbi only in 

the domestic financial crisis, whereas the Hong Kong dollar reported bubbles in both domestic 

and international financial crises. Both currencies interact in terms of their bubbles. This study 

proved that the Hong Kong dollar is more stable than Renminbi. Similarly (GÜLCAN et al., 

2021) found the presence of bubbles in the exchange rate of Turkey with the help of the famous 

technique Supremum Augmented Dickey-Fuller (SADF) and GSADF tests. They concluded 

that the exchange rate fluctuations are significant for international financial contracts and 

businesses.  

From the methodological perspective, most of the studies in the literature have 

employed cointegration techniques. The most popular technique is (Johansen, 1988; Johansen 

& Juselius, 1990). It comprises a linear autoregressive model that assumes the parameters are 

linear. When we see this according to the theoretical perspective, most economic time series 

are nonstationary and nonlinear (Barnett & Serletis, 2000). Hence, we have examples available 

in the financial time series literature that have reported exchange rates as nonlinear (Lee & 

Chou, 2013), (Basci & Caner, 2005), and (Norman & Phillips, 2013). Similarly (Bierens, 2004) 

and (Bierens, 1997) gave essential information using Monte Carlo simulations. The 

misspecification problem persists when the parameters are nonlinear, and considering the 

magnitude of the disequilibrium, the speed of adjustment varies from case to case.  

In such a situation (Phillips et al., 2011) suggested a recursive method of analysis, the 

Supremum Augmented Dickey-Fuller (hereafter SADF). The SADF technique, in the presence 

of inflation can more efficiently detect the exuberance in the asset price. It is powerful enough 

to detect any bubble in the series under observation, such as the housing price bubble in the US 

housing market during the 2000s (Phillips & Yu, 2011). Therefore, there is a possibility of 

having multiple bubbles in the financial time series, the current study intends to find the 

episodes of the bubbles in the Pakistani Rupee exchange rate concerning the US dollar. A new 

test of multiple bubble detection proposed by (Phillips et al., 2015) is known as the generalised 

sup augmented dickey fuller (hereafter GSADF) test, which allows analysis of the nonlinear 

structure and brake mechanisms. This is the intrinsic usefulness of this test.  
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Hence, we use the GSADF test to detect episodes of bubbles in the Pakistani exchange 

rate. The exchange rate of Pakistan has been very volatile and erratic in the wake of different 

events like the Afghan war, the Asian financial crisis and the like. (Siddiqui et al., 1996) Made 

simultaneous equation model and concluded that real sector and monetary sector variables 

affect the real exchange rate. Another study (Waheed, 2012) found the determinants of the 

exchange rate, and he also found the uncertainty related to external debt, output current account 

balance, domestic investment and the budget deficit. (Khan & Qayyum, 2011) We analysed 

the interaction of monetary variables on the exchange rate. Similarly (Parveen et al., 2012) 

analysed the factors that might affect the volatility of the rupee-dollar exchange rate. Finally, 

the bubble in the Pakistani and Chinese capital markets is also analysed regarding the China-

Pakistan Economic corridor with the help of GSADF (Liaqat et al., 2020).  

However, the GSADF technique is used by (Ahmed et al., 2021) to find multiple 

bubbles in the housing price for the economy of Pakistan. To the best of our knowledge, none 

of the studies has used this technique to discover the bubbles for the exchange rate of Pakistan, 

hence it is a novel work. 

 

Methodological Framework 

We have used the GSADF test developed by (Phillips et al., 2015) to detect multiple bubbles 

in the exchange rate of Pakistan. This is the newest technique widely applied to the financial 

time series data worldwide. The details of the methodology of the test are given in the study 

(Ahmed et al., 2021). This new technique is used widely in the economic literature because it 

identifies and date-stamps various periods in the series under observations; in this instance 

(Ahmed et al., 2022) also used this to find out the bubbles in the prices of petroleum products 

separately for Pakistan. Hence the usage of this technique for the exchange rate movement will 

be fruitful. The data on the nominal exchange rate of the Pak rupee versus the US dollar is 

obtained from the State Bank of Pakistan. The sample under study ranges from 1976 to 2020 

annually, from 1985Q1 to 2021Q2 every quarter, and from 1985M01 to 2021M07 monthly. 

The logarithm of the nominal exchange rate data is used in the empirical analysis (Bettendorf 

& Chen, 2013) have also used it.  

The nominal exchange rate was fixed at 4.7619 from 1960 to 1971; it was free to float 

for some time, and again, it was fixed at 9.9 from 1974 to 1981; it remained flexible afterwards. 

The high-frequency data (quarterly and monthly breakup) is preferred over low-frequency data 

because it has excellent empirical advantages and captures the lowest volatility in the series 

under observation (Ahmed et al., 2021). Table 1 reports the results of ADF, SADF, and GSADF 

test results for the annual, quarterly and monthly data sets and all data sets confirm that there 

are multiple episodes of bubbles in the rupee-dollar exchange rate for the economy of Pakistan. 

Table 2 reports the episodes of those bubbles which have been detected.  

 

Table 1: The Results of ADF, SADF and GSADF tests for the log of Nominal Exchange 

Rate 

Annual Data set 

 Exchange 

Rate 

90% 95% 99% 

ADF -0.659 -0.450 -0.184 0.464 

SADF 2.482* 2.102 1.174 2.102 

GSADF 2.482** 1.491 1.880 2.732 

Notes: Critical values of both tests are obtained from Monte Carlo simulation with 

1000 replications (sample size 45). The smallest window has 13 observations. * 

indicates significance at a 10% level. ** indicates significance at a 5% level. *** 

indicates significance at a 1% level. 
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Quarterly Data set 

ADF 2.118 -0.427 0.089 0.768 

SADF 4.062 1.073 1.393 2.031 

GSADF 5.910 1.737 2.066 2.705 

Notes: Critical values of both tests are obtained from Monte Carlo simulation with 

1000 replications (sample size 30). The smallest window has 13 observations. 

Monthly data set 

ADF 2.332 -0.494 -0.180 0.590 

SADF 3.969 1.233 1.565 1.984 

GSADF 3.763 2.004 2.245 2.874 

Notes: Critical values of both tests are obtained from Monte Carlo simulation with 

1000 replications (sample size 45). The smallest window has 13 observations. * 

indicates significance at a 10% level. ** indicates significance at a 5% level. *** 

indicates significance at a 1% level. 

Source: Author’s calculation 

Table 2 Episodes of Bubbles for the Log of Exchange Rate  

Episodes of Bubbles Time Period of Bubble 

Annual Data set 

1 1988-2003 

2 2018-2019 

Quarterly Data set 

1 2009Q01-2015Q02 

2 2015Q03-2017Q03 

3 2017Q04-2021Q02 

Monthly Data set 

1 2009M03-2021M06 

      Source: Author’s estimation 

After the Bretton Woods system, the nominal exchange rate of an economy has become more 

important than the price level in the short run. Under the floating exchange rate system, the 

changes in the real exchange rate are related to the changes in the nominal exchange rate. 

Hence, the response of the nominal exchange is essential in framing any policy, and the 

identification of the episodes of multiple bubbles in the series is crucial for prosperous decision 

making. 
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Figure 2 Graph of GSADF test (Annual data) 

Source: Author’s Construction 
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Figure 3. Graph of GSADF test of Exchange Rate (Quarterly data) 
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Source: Author’s Construction 
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Figure 4. Graph of GSADF test of Exchange Rate (Monthly data) 

Source: Author’s Construction 

The results of the annual data show that there are two episodes of exchange rate bubbles. The 

first starts from 1988 to 2003, and the second from 2018 to 2019; results are reported in Figure 

2. The behaviour of the exchange rate in the quarterly data set is quite different from the annual 

data, and it showed three episodes of bubble first starting from the 1st quarter of 2009 to the 2nd 

quarter of 2015, second from the 3rd quarter of 2015 to the 3rd quarter of 2017, finally third 

starts from 4th quarter of 2017 to 2nd quarter of 2021, the results are reported in figure 3. In the 

case of the monthly data, a single episode of the bubble has been identified, and it covers the 

three quarterly findings from 2009M03 to 2021M06; the results are reported in Figure 4. The 

contribution of the GSADF test in this literature has proved that there are bubbles in the 

exchange rate of the economy of Pakistan and they have never been tested with this technique 

earlier. Hence, it is the best addition to the time series empirical testing for the Pakistani 

exchange rate.  

The volatility of the exchange rate affects almost all the sectors in an economy. There 

is a negative relationship between exchange rate and stock returns. In this sense, there is a dire 

need to take cautious measures for the stability of the exchange rate behaviour to get the inflow 

of investment in the country (Adjasi et al., 2008), (Aydemir & Demirhan, 2009). The exchange 

rate indicates the decision making for the investment in the country (Jawaid & Ul Haq, 2012). 

It is clear from the above discussion as well as analysis that the behaviour of the exchange rate 

is essential before framing trade policy for the country.  

 

Conclusion and Policy Recommendations 
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The fixed exchange rate regime of the Bretton Woods system ended, and the exchange rate 

widely fluctuated globally. The exchange rate’s high volatility badly affects an economy’s 

international trade position, so the trading partners desire a stable exchange rate; hence, it 

cannot affect future trade deals or contracts. This study is intended to analyse the dynamics of 

the rupee-dollar exchange rate for three data sets: annual, quarterly and monthly. The GSADF 

test proposed by (Phillips et al., 2015) is used to detect the explosive bubbles in the rupee-

dollar exchange rate. The findings of the study are as follows. First, the empirical tests ADF, 

SADF, and GSADF show explosive bubbles for the annual, quarterly and monthly data sets. 

Second, the graph shows that there are multiple bubbles in the exchange rate; in the annual data 

set, bubble time is from 1988 to 2003, and the second bubble first starts from the 1st quarter of 

2009 to the 2nd quarter of 2015, the second from 3rd quarter of 2015 to 3rd quarter of 2017, 

finally third starts from 4th quarter of 2017 to 2nd quarter of 2021. In the case of the monthly 

data, a single episode of the bubble has been identified, and it covers the three quarterly findings 

from 2009M03 to 2021M06. Managing the exchange rate is vital for foreign investment and 

overall economic decision-making (Jawaid & Ul Haq, 2012).  

  Our results are consistent with (Jiang et al., 2015), who found multiple explosive 

bubbles for the Chinese exchange rate concerning the US dollar; similarly, it is further endorsed 

by (Bettendorf & Chen, 2013) and (Betts & Kehoe, 2008). The empirical analysis confirmed 

the bubbles in the rupee-dollar exchange rate, and the literature supports that the bubbles in the 

exchange rate redistribute wealth among many sectors of an economy, albeit it has negative 

consequences for too financial and real sectors. Pakistan’s public authorities should adopt tight 

monetary and fiscal measures to avoid bubbles in the exchange rate shortly. The government 

should pay attention to the stability of the current account balances and budget balances 

because both of these can correct the exchange rates effectively. Similarly, the positive figures 

of export earnings contribute in the stability of the exchange rates which is also a necessary 

condition for the economic growth. 
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