Do Exchange Rate Changes have Symmetric or Asymmetric Effects on the Demand for Money in Korea? 
Abstract
Previous studies that included the exchange rate in the Korean demand for money assumed that the effects of the exchange rate changes are symmetric and adjustment process is linear. They found no significant effects. In this paper we apply Shin et al.’s (2014) Nonlinear ARDL approach to cointegration and error-correction modeling and test the symmetric versus asymmetric effects of exchange rate changes on the demand for money in Korea. Using quarterly data over the period 1973-2014, the results show that indeed the effects are asymmetric in the short run. In the long run, however, although the effects are symmetric but both won depreciation and won appreciation have significantly negative effects on the demand for money, supporting the wealth effects argument. 
JEL Classification: F31, F40
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I. Introduction 

In assessing the effectiveness of fiscal and monetary policies, the Nobel laureate Robert Mundell (1963, p. 484) was the first to conjecture that the demand for money could depend upon the exchange rate in addition to interest rate and income. Although Mundell (1963) did not elaborate too much, nor did he tested his conjecture empirically, others in the literature have tried to justify his hypothesis. Arango and Nadiri (1981) argued that an appreciation of foreign currency (or depreciation of domestic currency) raises domestic currency value of foreign assets held by domestic residents. If this increase is perceived as an increase in wealth, due to an increase in consumption, the demand for money could also increase. On the other hand, Bahmani-Oskooee and Pourheydarian (1990) argued that when foreign currency appreciates, if there are expectations of further appreciation, domestic residents may buy and hold more of foreign currency and less of domestic currency. The strength of each effect (wealth versus substitution) is a matter of empirical analysis and in general is country specific, as evidenced from the literature. Examples of studies that have included the exchange rate in their specification of the demand for money are:  Arango and Nadiri (1981) for Canada, Germany, UK., the US., Domowitz and Elbadawi (1987) for Sudan, Marquez (1987) for Venezuela, Bahmani-Oskooee and Malixi (1991) for 13 developing countries, Karfakis (1991) for Greece, McNown and Wallace (1992) for the U.S., Bahmani-Oskooee (1996) for Iran, Bahmani-Oskooee and Techaratanachai (2001) for Thailand, Civcir (2003) and Bahmani-Oskooee and Karacal (2006) for Turkey, Harb (2004) for six oil producing countries, Bahmani-Oskooee and Gelan (2009) for African countries, Bahmani-Oskooee and Xi (2011) for Australia, Bahmani-Oskooee et al. (2012) for China, and Bahmani-Oskooee et al. (2013) for emerging countries. 
There are also a few studies that have estimated the demand for money in Korea. Since Korea is our country of interest, we thought to review these studies separately. Early studies that estimated and tested the stability of the Korean money demand function used non-stationary data and therefore, their findings could be considered spurious. Examples include Wong (1977), Arize (1989), Bahmani-Oskooee and Malixi (1991), and Chung (1992). To address the spurious regression issues, more recent studies have relied upon cointegration and error-correction modeling. The list includes Bahmani-Oskooee and Rhee (1994), Lee and Chung (1995), and Bahmani-Oskooee and Shin (2002). While, the first study has used Engle-Granger (1987) method, the second one has relied upon Johansen’s technique. Finally, the last study employed Pesaran et al.’s (2001) bounds testing approach under which variables could be combination of I(0) and I(1). Another common feature of the three studies is that in addition to income and interest rate, they have also included the exchange rate as another determinant of the money demand in Korea.

No matter which cointegration method is used to estimate the demand for money in Korea or in any other country, the implicit assumption is that all determinants have symmetric effects. Concentrating on the exchange rate, the symmetry assumption implies that if depreciation raises the demand for money, say due to relatively strong wealth effect, appreciation should lower it. Recently, Bahmani-Oskooee and Bahmani (2015) argued that this may not be the case due to changes in market participants’ expectations. By estimating the demand for money for Iran, they demonstrated that indeed exchange rate changes have asymmetric effects. Our goal in this paper is to test symmetry versus asymmetry hypothesis in Korean demand for money. To that end, we outline the model and methods in Section II. Section III reports the results supporting asymmetry effects. While Section IV concludes, data sources are cited in the Appendix.     

II. The Models and Methods  


The long-run specification of money demand in this section follows the literature reviewed in the previous section and includes a scale variable, measures of opportunity cost of holding money and the exchange rate as in equation (1):


[image: image1.wmf])

1

(

)

/

(

1

t

t

t

t

t

t

t

eLnEX

P

P

dLn

cLnr

bLnY

a

LnM

e

+

+

+

+

+

=

-


where M is a measure of real quantity of money held by the public and Y is the scale variable measured by the real GDP in Korea. Two measures of opportunity cost of holding money are included in (1). The interest rate denoted by r is a measure of opportunity cost against financial assets and inflation rate measured by Ln (Pt/Pt-1) is the opportunity cost of holding money against real assets. Finally, the nominal effective exchange value of Korean won that is denoted by EX is included to account for currency substitution. While an estimate of b is expected to be positive, those of c and d are expected to be negative. Per discussion in the previous section, if a decline in EX, i.e., a depreciation of Korean won is to increase the demand for domestic currency due to relatively stronger wealth effect an estimate of e could be negative. Otherwise, if substitution effect is relatively stronger, an estimate of e could be positive.   


Estimating equation (1) by any means only yields long run coefficient estimates. However, as Laidler (1991, pp. 175-176) argued, excluding the short-run adjustment process from estimating long-run coefficients may result in some instability. Therefore, we incorporate short-run dynamic adjustment process into estimating long-run coefficients by specifying (1) in an error-correction modeling format as follows:
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Specification (2) is due to Pesaran et al. (2001) who recommend applying the familiar F test to establish joint significance of lagged level variables as a sign of cointegration.
 However, they also tabulate new critical values for this F test which accounts for integrating properties of variables. If all variables in a given model are I(1), an upper bound critical value is provided. A lower bound critical value is provided when all variables are I(0). Pesaran et al. (2001) demonstrate that the upper bound critical value could also be used if some variables are I(0) and some I(1). Since almost all macro variables are either I(0) or I(1), under this approach there is no need for pre-unit root testing and this is one of the main advantage of this approach. Another advantage to this bounds testing approach is that the short-run and long-run effects are estimated in one step by applying OLS to equation (2). The short-run effects are reflected in the estimates of coefficients assigned to first-differenced variables. The long-run effects are inferred by the estimates of ρ1- ρ4 normalized on ρ0 .
 

As pointed out by Bahmani-Oskooee and Bahmani (2015), a main assumption in model (2) is that changes in any of the exogenous variables have symmetric effects on the demand for money. For example, concentrating on the effects of nominal effective exchange rate changes, the assumption implies that if depreciation of Korean won increases the demand for won in Korea, appreciation should lower it, yielding a negative normalized elasticity in (2). To test this hypothesis, we follow the literature and try to separate depreciations from appreciations. To do so, we first generate changes in the LnEX variable as ∆LnEX. From this new time-series variable which includes zero values, negative values, and positive values, we construct the partial sum of negative and positive values as follows: 
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where Ln EX+t and LnEX-t are the partial sum process of positive and negative changes in Ln EX. The next step is to go back to error-correction model (2) and replace LnEX by two new variables that we have just generated, i.e., Ln EX+t and LnEX-t as follows: 
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Since constructing the new partial sum variables introduce non-linearity into specification (5),  Shin et al (2014) label such models as nonlinear ARDL model and demonstrate that all statistical features of this nonlinear model is the same as linear ARDL model of Pesaran et. al (2001). More precisely, Pesaran et al (2001) bounds testing approach is equally applicable to nonlinear model (5). If appreciations and depreciations are to have symmetric effects, normalized coefficients obtained for LnEX+t and LnEX-t variables must be the same in sign and size. Otherwise, their effects are asymmetric. 

III. The Results

In this section, we estimate both linear and nonlinear ARDL models outlined by equations (2) and (5) for Korea using quarterly data over the period 1973:Q3-2014:Q3. Following the literature, we impose a maximum of eight lags on each first differenced variable and estimate different lag permutations. We then use Akaike’s Information Criterion (AIC) and select the optimum lags. The results from each optimum model are reported in Tables 1 for linear model and Table 2 for nonlinear model. In each table, short-run estimates are reported in Panel A, the long-run estimates in Panel B, and diagnostic statistics in Panel C.

Tables 1 and 2 go about here

We first consider the results of the linear model (2) in Table 1. From the short-run estimates in Panel A, it is clear that there is at least one significant coefficient obtained for income and exchange rate, implying that only these two variables have short-run effects on the demand for money in Korea. However, as we shift to the long-run estimates in Panel B, we gather that all variables carry significant coefficients, except the exchange rate. Income elasticity is somewhat greater than one suggesting some economies of scale. Out of two opportunity cost variables, the inflation rate carries its expected negative sign and highly significant coefficient, implying that Koreans consider holding real assets a much better alternative to cash.     

Next, we must establish cointegration if long-run estimates are to be valid. To this end, we shift to Panel C and the results of the F test. Given its critical value of 4.01, clearly our calculated F statistic of 6.81 is highly significant, supporting cointegration.
 An alternative test to establish cointegration is to use normalized long-run coefficient estimates from Panel B and long-run model (1) and generate an error term. Labeling this error term as ECM, then replace the linear combination of lagged values in equation (2) by ECMt-1 and estimate this new specification after imposing the same optimum lags on all first differenced variables. A significantly negative coefficient obtained for ECMt-1 will support cointegration and size of the coefficient in absolute value will measure the speed of adjustment. Banerjee et al. (1998) who have proposed this test for establishing cointegration demonstrated that the distribution of the t statistic for testing significance of ECMt-1 is non-standard, hence they tabulate new critical values. Indeed, building upon Banerjee et al. (1998), Pesaran et al. (2001) show that just like the F test, this t statistic also has an upper and a lower bound critical values within their ARDL approach that they tabulate.
 Given their upper bound critical value of -3.99 (-3.66) at the 5% (10%) significance level, clearly the coefficient is insignificant. 

We have also reported several additional diagnostics in Panel C. In order to assess serial correlation and functional misspecification, we have conducted the Lagrange Multiplier (LM) and Ramsey’s RESET tests. They are both distributed as χ2 with one degree of freedom. Given its critical value of 3.89, our reported statistics are insignificant, suggesting that the optimum model is correctly specified with autocorrelation free residuals. We also use a test of skewness and kurtosis of residuals to see if the residuals are normally distributed. It has a χ2 distribution with two degrees of freedom. Given its critical value of 5.99 at the 5% level of significance, this statistic is also insignificant, supporting the normality assumption. We also test the hypothesis of whether the money demand in Korea is stable. To establish stability of short-run and long-run coefficient estimates, again, we follow the literature and apply the well-known CUSUM and CUSUMSQ tests to the residuals of the optimum model.
 As indicates in Panel C by CUS and CUS2 , indeed all estimates are stable. Finally, to measure goodness of fit, we report the size of adjusted R2. 


As discussed above, we found that the nominal effective exchange rate had no long-run effects on the demand for money in Korea. Could this be due to assuming asymmetric effects? Do the results change if we shift to nonlinear model and separate currency depreciations from appreciations? To that end, we move to Table 2. From the short-run results in Panel A, we gather that both appreciation of Korean won and its depreciation have short-run effects in an asymmetric manner. Short-run adjustment asymmetry is observed due to the fact that ΔLnEX+t and ΔLnEX-t take different lag orders. Another sign of short-run asymmetry is the fact that significant short-run coefficients obtained for the two variables carry different sizes and different signs. Shin et al. (2014) recommend testing for short-run ‘impact asymmetry’ by establishing the fact that sum of the short-run coefficients obtained for ΔLnEX+t  are significantly different than sum of the coefficients associated with ΔLnEX-t. In terms of notations used in nonlinear model we establish short-run impact asymmetry if 
[image: image5.wmf]å

å

¹

g

f

. The Wald test is recommend test. Indicating this statistic by Wald-S in Panel C of Table 2, it is clear that this statistic is significant at the 5% supporting significance of short-run asymmetry effects of exchange rate changes on the demand for money in Korea. Do these short-run asymmetry effects translate into the long run? 

The long-run results indicate that indeed all variables carry long run significant coefficients. Clearly, both variables measuring won appreciation (Ln EX+t) and won depreciation (LnEX-t) carry significant coefficient that seem to be only different in size, still supporting long-run asymmetry effects. But are the two estimates significantly different? Again, Shin et al. (2014) recommend applying the Wald test. Our calculated Wald statistic is denoted by Wald-L in Panel C of Table 2 is insignificant rejecting long-run asymmetry effects or supporting equality of size of these two estimates.
 The fact that both coefficients are negative implies that as Korean Won depreciates, due to wealth effect Koreans hold more of domestic currency. Alternatively, as Korean won appreciates, Koreans hold less of domestic currency, again, in line with the wealth effect argument. If we were to rely upon only the linear model, since the exchange rate was insignificant in the long run, we would have concluded that it has no long-run effects. However, when nonlinear adjustment of the exchange rate is incorporated into the model, clearly won depreciation and won appreciation do have significant long run effects on the demand for money in Korea.
Once again, for the long-run effects to be meaningful we must establish cointegration. Due to interdependence between the two partial sum variables Shin et al. (2014, p. 291) recommend using the critical values for the F test for four exogenous variables (in the linear model) rather than five (in the nonlinear model) since the critical values for four variables are higher. Clearly, our significant F statistic supports cointegration and our long-run analysis. In this nonlinear model, ECMt-1 is also highly significant which was not the case in the linear model. This provides not just additional support for cointegration but also supports nonlinear adjustment and the nonlinear model. Apparently, almost 10% of the adjustment takes place within one quarter since data are quarterly.
  Remaining diagnostics are similar to those of the linear model supporting lack of autocorrelation, correct specification, and normality of the residuals.  
IV. Summary and Conclusion

Applied research is usually revisited when a new econometric method is introduced. As time goes on, due to additional contributions in each area, each country begins having its own literature, especially when the models use time-series data. The demand for money is no exception and is perhaps one of the areas in monetary theory that has received greatest attention. Several authors have considered the Korean demand for money and have applied different methods and have addressed different issues such as determinants of the money demand and its stability.   

No matter which method is used to estimate the demand for money in Korea, a common feature of all studies is that they have assumed the effects of each determinant to be symmetric. In this paper we ask whether the impact of exchange rate changes on the demand for money in Korea is symmetric or asymmetric. Depreciation of Korean won could induce Koreans to hold more won if wealth effect is stronger or it could induce them to hold less won and more foreign currency if substitution effect is stronger. Since substitution effect is based on expectations and expectations change over time, we would expect the effects of exchange rate changes on the demand for money to be asymmetric. Like previous research, when we estimated a linear ARDL model, the exchange rate only had short-run but not long-run effects. However, when we shifted to nonlinear ARDL model and separated depreciations from appreciation, not only we found evidence of short-run adjustment asymmetry, but also short-run significant impact asymmetry effects. In the long-run however, both won appreciation and won depreciations has significant effects on the demand for money but in a symmetric manner. Additional diagnostics supported the nonlinear model better than the linear mode. Apparently, in Korea won depreciations raises the demand for domestic currency, supporting the wealth effect. This unique finding was masked by previous research and any linear model.

Appendix

Data Definition and Sources

Quarterly data over the period 1973:Q3-2014:Q3 are used d to conduct the empirical analysis. The data sources are as follows: 

a. International Financial Statistics of the IMF (www.imfstatistics.org).

b. Bank for International Settlements (www.bis.org).

Variables:

M = Real money supply measured by M2. Nominal M2 is deflated by GDP deflator (source a).    

Y = Real GDP (source a).   

P= Inflation rate measured by Consumer Price Index (source a).

EX = Nominal effective exchange rate (source b). A decline reflects a depreciation of Korean won. 

r = interest rate defined as government bonds (source a).    
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Table 1: Full Information Estimate of Linear ARDL Equation (2)

	Panel A: Short-Run Coefficient Estimates

	Lag Order

	
	0
	1
	2
	3
	4
	5

	ΔlnM
	-
	-0.033

(0.443)
	0.321

(4.464)**
	-0.140

(1.909)*
	0.261

(3.729)**
	-0.087

(1.181)

	ΔlnY
	-0.118

(1.670)*
	-0.001

(0.037)
	0.001

(0.040)
	-0.182

(2.842)**
	
	

	Δln(Pt/Pt-1)
	-0.019

(0.104)
	
	
	
	
	

	ΔlnEX


	0.062

(1.511)
	-0.043

(0.729)
	-0.108

(1.797)*
	0.076

(1.807)*
	
	

	Δlnr

	-0.002

(0.074)
	
	
	
	
	

	Panel B: Long-Run Coefficient Estimates

	Constant
	lnY
	ln(Pt/Pt-1)
	lnEX
	Δlnr
	
	

	29.358

(14.091)**
	1.541

(8.683)**
	-14.464

(2.951)**
	-0.376

(1.289)
	0.450

(3.073)**
	
	

	Panel C: Diagnostic Statistics

	F
	ECMt-1
	LM
	RESET
	Normality
	CUS (CUS2)
	Adj. R2

	6.81*
	-0.063

(3.009)
	1.449
	2.116
	4.456
	Stable
	0.638


Notes:

a. Numbers inside the parentheses are absolute values of the t-ratios. 

b. The upper bound critical value of the F-statistic at the 5% significance level is 4.01 (when there are four exogenous variables). This comes from Pesaran et al. (2001, Table CI-Case III, p. 300). 
c. The upper bound critical value of the t-statistic at the 5% (10%) significance level is -3.99 (-3.66) when there are four exogenous variables. These come from Pesaran et al. (2001, Table CII-Case III, p. 303). These values are used to judge significance of ECMt-1.   
d. LM and RESET are the Lagrange multiplier test of serial correlation and Ramsey’s test for functional form. The normality test is based on a test of skewness and kurtosis of residuals. All three tests are distributed as χ2 . While the first two have one degree of freedom, the normality test has two degrees of freedom. The critical values at the 5% significance level is 3.89 for one degree of freedom and 5.99 for two degrees of freedom.
d. ** and * denote significance at the 5% and 10% levels, respectively.  

Table 2. Full Information Estimate of Nonlinear ARDL Equation (5)
	Panel A: Short-Run Coefficient Estimates

	
	Lag Order

	
	0
	1
	2
	3
	4
	5

	ΔlnM
	-
	0.051

(0.731)
	0.282

(4.329)**
	-0.091

(1.303)
	0.310

(4.654)**
	-0.146

(2.186)**

	ΔlnY
	0.069

(0.790)
	-0.094

(1.031)
	-0.194

(3.355)**
	-0.168

(3.355)**
	-0.151

(1.717)*
	-0.125

(1.478)

	Δln(Pt/Pt-1)
	-0.069

(0.405)
	
	
	
	
	

	ΔlnEX+
	0.199

(1.967)*
	0.094

(0.971)
	
	
	
	

	ΔlnEX-
	0.022

(0.437)
	-0.091

(1.848)*
	-0.009

(0.185)
	0.126

(2.439)**
	-0.032

(0.617)
	0.115

(2.270)**

	Δlnr
	-0.011

(0.499)
	
	
	
	
	

	Panel B: Long-Run Coefficient Estimates

	Constant
	lnY
	ln(Pt/Pt-1)
	lnEX+
	lnEX-
	Δlnr
	

	26.597

(63.994)**
	1.733

(10.847)**
	-9.913

(3.875)**
	-0.592

(2.437)**
	-0.371

(1.756)*
	0.307

(2.569)**
	

	Panel C: Diagnostic Statistics

	     F      ECMt-1      LM      RESET        Normality      CUS (CUS2)      Adj. R2   Wald-S      Wald-L

	 6.30**  -0.099    0.334      3.883            2.877               Stable                0.659     4.055*         0.085

                (6.79)**


Notes:
a. Numbers inside the parentheses are absolute values of the t-ratios. 

b. The upper bound critical value of the F-statistic at the 5% significance level is 4.01 (when there are four exogenous variables). This comes from Pesaran et al. (2001, Table CI-Case III, p. 300). 
c. The upper bound critical value of the t-statistic at the 5% (10%) significance level is -4.19 (-3.86) when there are five exogenous variables. These come from Pesaran et al. (2001, Table CII-Case III, p. 303). These values are used to judge significance of ECMt-1.   
d. LM and RESET are the Lagrange multiplier test of serial correlation and Ramsey’s test for functional form. The normality test is based on a test of skewness and kurtosis of residuals. All three tests are distributed as χ2 . While the first two have one degree of freedom, the normality test has two degrees of freedom. The critical values at the 5% significance level is 3.89 for one degree of freedom and 5.99 for two degrees of freedom.

d. ** and * denote significance at the 5% and 10% levels, respectively.  

a. Numbers inside the parentheses are absolute values of the t-ratios. 

b. The upper critical bound value of the F-statistic at the 5% significance level is 3.79. This comes from Pesaran et al. (2001), Table CI-Case III. 

c. LM and RESET are the Lagrange multiplier test of serial correlation and Ramsey’s test for functional form. The normality test is based on a test of skewness and kurtosis of residuals. All three tests are based on a χ2 distribution with two degrees of freedom. The critical value at the 5% significance level is 5.99.

d. ** and * denote significance at the 5% and 10% levels, respectively.  

� Note that the linear combination of lagged level variables in (2) is a proxy for lagged error term known as error-correction term from (1). Therefore, establishing joint significance of lagged level variables is equal to establishing significance of lagged error-correction term  


�For more details of normalization, see Bahmani-Oskooee and Tanku (2008) and for applications in other areas see.   Halicioglu, F., (2007), Narayan et al. (2007), Tang (2007), Mohammadi et al. (2008), Wong and Tang (2008), De Vita and Kyaw (2008), Payne (2008), Chen and Chen (2012), and Hajillee and Al-Nasser (2014).  


� The critical value is from Pesaran et al. (Table CI(iii) Case III, p. 300) where number of exogenous variables  is four. 


� See Pesaran et al. (2001, Table CII, p. 303).


� For a graphical presentation of these tests see Bahmani-Oskooee and Bohl (2000) and Bahmani-Oskooee et al. (2005).


� Note that in terms of our notations in Model (5) we establish long-run asymmetry if θ4 ≠ θ5. 


� Note that the upper bound critical value of t-test to justify significant of ECMt-1 when there are five exogenous variables is -4.19 (-3.86) at the 5% (10%) significance level. These come from Pesaran et al.(2001, Table CII, p. 303).





PAGE  
1

_1493644253.unknown

_1494505035.unknown

_1519894795.unknown

_1493806042.unknown

_1493641053.unknown

