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Abstract

Applying the extended Box-Cox model and the Newey-West method, this paper finds that the demand for real M2 is positively 
influenced by real GDP and the real effective exchange rate, negatively affected by the deposit rate and the world interest rate, and 
not correlated with the real financial stock price. Hence, real depreciation of the zloty or a lower world interest rate would raise real 
output. The widely used log-linear form or the linear form can be rejected at the 5% or 1% level in favor of the extended Box-Cox 
model, suggesting that the elasticity or the slope is not a constant but varies with the values of the dependent and independent 
variables.   
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1. Introduction
 Since its transition to a market economy, the quantity 

of money in Poland has increased in the long run with some 

fluctuations in the short run partly due to economic growth. 

Real M2 declined from 207,847 million zlotys in 1990 to 161,125 

million zlotys in 1991. An analysis of macroeconomic variables 

suggests that the decline in real M2 may be associated with 

a decrease in real GDP from 276,213 million zlotys to 256,954 

million zlotys, an increase in the deposit rate from 41.67% to 

53.50%, and/or an increase in the zloty/USD exchange rate 

from 0.95 to 1.06 during the same period. Real M2 rose from 

189,800 million zlotys in 1995 to 207,472 million zlotys in 1996. 

The increase may be attributable to an increase in real GDP 

from 337,222 million zlotys to 358,261 million zlotys, a decrease 

in the deposit rate from 26.78% to 20.02%, and/or real appre-

ciation of the zloty during the same period. It is surprising to 

observe the decline in real M2 from 306433 million zlotys in 

2001 to 321173 million zlotys in 2002 in view of an increase in 

real GDP, a decrease in the deposit rate, and real depreciation 

of the zloty. 

 The demand for money is an important macroeconomic 

foundation. The interaction between money demand and 

money supply determines the money market equilibrium. 

While monetary policy is determined by the European Central 

Bank (ECB) since Poland joined the EU in May 2004, unique re-

lationships may exist between money demand and its determi-

nants in Poland. The sensitivity of money demand to a change 

in one of the explanatory variables may vary among EU mem-

ber countries

 This paper examines the demand for money for Poland 

with several focuses. First, the paper will discuss the interac-

tion between the money market equilibrium and the goods 

market equilibrium and the impact of a change in one of the 

explanatory variables in money demand on the equilibrium 

output. Second, the extended Box-Cox model (Box-Cox, 1964; 

Seaks and Layson, 1983; Hsing and Chang, 2003; Hsing, 2006) 

is applied in empirical work to determine whether the widely 

used log-linear form or the linear form would be appropriate. 

Many previous studies chose the log-linear form a priori partly 
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because the log-linear form exhibits a constant elasticity of 

money demand. Third, the Newey-West (1987) method will be 

employed in empirical work to yield consistent covariance and 

standard errors when the forms of heteroskedasticity and auto-

correlation are unknown. 

 There are several recent studies of money demand for Po-

land and/or its neighboring countries. Van Aarle and Budina 

(1996) showed that there was evidence of currency substitu-

tion for Poland, Hungary, Bulgaria, and Romania. Buch (2001) 

examined the money demand functions for Poland and Hunga-

ry and found that in several specifications, money demand and 

other variables are cointegrated and that estimated money de-

mand functions can serve as useful tools for the central banks. 

Rusek (2001) indicated that a stable money demand function 

for Poland and the other three East European countries could 

not be estimated and that there was a lack of equilibrium re-

lationships among the nominal variables in money demand. 

Kruszka (2003) studied the demand for cash for four Eastern Eu-

ropean countries during 1994-2003 and showed that variables 

in the demand for money for Poland were I(1) and had at least 

one cointegrating relationship, that the income elasticity was 

estimated to be 0.997, and that the coefficients of the nominal 

interest rate and the inflation rate had wrong signs. Reimers 

(2004) conducted large-scale research on the long-run money 

demand function for eleven Eastern European countries based 

on a sample from 1993 to 2001. He found that for Poland, the 

coefficients estimated by the FM-OLS and two-step method for 

real income, the interest rate and the inflation rate were 2.91, 

-0.03, and 3.90, respectively and that large differences were 

found across countries. Dreger and Reimers (2005) examined 

the money demand function for ten Eastern European coun-

tries during 1995-2004 and revealed that real broad money de-

mand in general had a positive relationship with real income 

and the euro exchange rate and a negative relationship with 

the domestic interest rate and the U.S. dollar exchange rate. 

 

2. The Model
      Suppose that the demand for money in Poland is deter-

mined by real output, the domestic interest rate, the real finan-

cial stock price, the real exchange rate, and the world interest 

rate and can be expressed as

),,,,,( *REWRYLM �      (1)
0,0,0,0,0 * �������� orLorLorLLL REWRY

     

 where:

M = demand for real money balances,

Y = real output,

R = the domestic interest rate,

W = the real stock price,

E = the real effective exchange rate, and

R* = the world interest rate.

       The demand for money is expected to have a positive 

relationship with real output and a negative relationship with 

the domestic interest rate. An increase in the real stock price 

may reduce or increase the demand for money due to the 

substitution effect or the wealth effect (Friedman, 1988; Fase 

and Winder, 1998). Real appreciation of the zloty may increase 

or reduce the demand for money due to the substitution ef-

fect or the wealth effect (Arango and Nadiri, 1981; McKinnon, 

1982; Bahmani-Oskooee and Techaratanachai, 2001; Bahmani-

Oskooee and Ng, 2002). A higher world interest rate may re-

duce or increase the demand for money because of the capital 

mobility effect or the cost of borrowing effect (Marquez, 1987; 

Bahmani-Oskooee and Ng, 2002).

 The signs of the partial derivative of the demand for 

money with respect to the real stock price, the real effective 

exchange rate, and the world interest rate in equation (1) are 

crucial because they may influence the equilibrium real output 

differently. Suppose that the goods market equilibrium is given 

by

),,,,,( EWTGRYHY ep��      (2)

where

H  = aggregate spending,

�e = the expected inflation rate,

G  = government spending, and 

T  = government tax revenues.
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The impact of a change in the real stock price, the real effective 

exchange rate, or the world interest rate on the equilibrium 

output can be expressed as

0000/)(/ ���������� WWWRRW LiforandLifJLHLHWY

             (3) 

00000/)(/ ���������� EEERRE LiforandLifJLHLHEY

              (4)

0000// ***
* ������� RRRR LifandLifJLHRY

             (5)

where H
x
 is the partial derivative of aggregate spending with 

respect to any exogenous variable X and �J� is the Jacobian of 

the endogenous variables with a positive value. As shown, the 

sign of   Lw , LE and Lr 
crucial in determining whether a change 

in one of the variables would affect the equilibrium real output 

positively or negatively. The equilibrium real GDP is expected 

to increase if the demand for money responds to the real stock 

price or the world interest rate negatively and to decline if the 

demand for money responds to the real appreciation of the 

zloty positively.

The extended Box-Cox model is employed to transform all the 

variables with positive values as follows

,/)1(
,/)1(
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MM

  (6                                    (6)

 where X is any of the right-hand-side variables and λ is 

the transformation parameter. It can be shown that when λ ap-

proaches zero, equation (1) reduces to a log-linear form, and 

when λ=1, equation (1) becomes a linear form. The test statistic 

has a �2 distribution with one degree of freedom and is given 

by 

)]10(ln)([ln2 orLL ��
�

ll  ~ �
2

(1)

               (7)

 

3. Empirical Results
      The data source came from the International Financial 
Statistics published by the International Monetary Fund. Real M2 

is chosen as the monetary aggregate because it contains saving 

or money market deposits, small time deposits, and money 

market mutual funds and is regarded as a broader measure 

of money. Real M2 is equal to nominal M2 divided by the CPI 

and measured in million zlotys. Real GDP is measured in million 

zlotys at the 2000 price. The deposit rate is selected to represent 

the domestic interest rate. The real effective exchange rate is an 

index number with 2000=100. An increase in the real effective 

exchange rate means real appreciation of the zloty, and vice 

versa. The euro government bond rate is chosen to represent the 

world interest rate. The sample runs from 1996.Q1 to 2005.Q2.

Real effective Exchange RateReal effective Exchange Rate Box-Cox
Regression
Box-Cox

Regression
Log-Linear
Regression
Log-Linear
Regression

Linear
Regression
Linear

Regression

Real Output 0.894
(4.370)

0.682
(5.210)

0.706
(5.468)

Deposit Rate -1.69E+08
(-13.530)

-0.066
(-2.184)

-3268.972
(-6.066)

Real Stock Price 9.325
(1.290)

-0.114
(-2.117)

-0.706
(-1.315)

Real effective
Exchange Rate

5849468
(7.452)

0.578
(4.676)

1457.048
(7.531)

Euro Interest Rate -3.50E+08
(-2.405)

-0.217
(-2.734)

-7342.920
(-3.073)

Constant 3.19E+10
(2.813)

3.128
(1.494)

90074.060
(2.108)

R2 0.970 0.927 0.955

D-W Statistic 1.629 0.935 1.022

λ 2.06 0.000 1.000

Log Likelihood -395.569 -416.284 -404.423

Test statistic 39.430 17.708

4.199 2.9122.346

Theil Inequality Coef. 0.026 0.0180.014

The Newey-West method is employed to estimate standard errors and
covariance.
Figures in the parenthesis are t-ratios.
***, **, * denote 1%, 5%, and 10% significance levels.
MAPE is the mean absolute percent error.

Table 1.
Estimated Regressions of the Demand for Money in Poland:
1996.Q1-2005.Q2

 The ADF unit root test is performed first. The critical 

value is -3.62 at the 1% level and -2.94 at the 5% level. All the 

variables in levels have unit roots and all the variables in first 

difference are stationary at the 5% or 1% level. The Johansen 
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cointegration test shows that there are 3 cointegrating 

relationships at the 5% level when the trace test is applied. 

 The functional form is tested next. The value of 

L(λ) is -395.569 with an estimated λ of 2.06. The value of 

L(λ=0) for the log-linear form is -416.284. The test statistic 

of 39.430 is far greater than the critical value of 6.635 at the 

1% level. Hence, the log-linear form can be rejected. The 

value of L(λ=1) for the linear form is -404.423. Comparing 

the test statistic of 17.708 with the critical value of 6.635 at 

the 1% level, the linear form can be rejected at the 1% level.

 Table 1 presents empirical results for the regression 

based on the extended Box-Cox model, the log-linear 

regression, and the linear regression. In the Box-Cox regression, 

the value of R2 is 0.970. Real M2 demand has a positive 

relationship with real output and the real effective exchange 

rate and a negative relationship with the deposit rate and 

the euro interest rate. The coefficient of the real stock price is 

insignificant at the 10% level. The mean absolute percent error 

and the Theil inequality coefficient are estimated to be 2.346 

and 0.014, respectively. The values of the estimated elasticity of 

money demand at the means with respect to real output, the 

deposit rate, the real effective exchange rate, and the world 

interest rate are 0.369, -0.168, 0.486, and -0.203, respectively.

 In the log-linear regression, the value of R2 is 0.927, which 

is lower than that in the Box-Cox model. Real M2 is positively 

associated with real output and the real effective exchange 

rate and negatively affected by the deposit rate, the real stock 

price, and the euro interest rate. The mean absolute percent 

error and the Theil inequality coefficient are estimated to be 

4.199 and 0.026, respectively. In the linear regression, the value 

of R2 is 0.955. The coefficients of real output and the real effec-

tive exchange rate are positive and significant, the coefficients 

of the deposit rate and the euro interest rate are negative and 

significant, and the coefficient of the real stock price is nega-

tive and insignificant. The mean absolute percent error and the 

Theil inequality coefficient are 2.912 and 0.018, respectively.  

 The critical values of the Durbin-Watson test at the 1% 

level are d
L
 = 1.019 and d

U
 = 1.585, respectively. Compared 

with the test statistics, the absence of autocorrelation in the 

Box-Cox regression cannot be rejected whereas the absence 

of autocorrelation in the log-linear or linear regression can be 

rejected or is inconclusive. Hence, an incorrect functional form 

may be one of the reasons for serial correlation.

The CUSUM and CUSUMSQ tests are reported in Graph 1. As 

shown, the Box-Cox model exhibits better results than the log-

linear or linear regression because the cumulative sums of the 

recursive residuals become larger over time or because part of 

the cumulative sum of squares in the log-linear regression is 

outside of the critical lines, suggesting variance instability. If 

the rejected log-linear regression is chosen, we may draw the 

misleading conclusion that the demand for real M2 reacts neg-

atively to a change in the real stock price. In comparison, the 

extended Box-Cox model shows better statistical outcomes in 

terms of the value of R2, the log likelihood value, the mean 

absolute percent error, the Theil inequality coefficient, or the 

stability tests.

Based on empirical results, the coefficient of the real stock price 

is insignificant, the coefficient of the real effective exchange 

rate is positive and significant, and the coefficient of the world 

interest rate is negative and significant. Hence, their respective 

impacts on the equilibrium output can be shown as follows:

0/ ��� WY  because 0�WL
0/ ��� EY    because 0�EL

0/ * ��� RY  because 0* �RL

 Several different measures of the variables are consid-

ered. When the yield on a U.S. 10-year Treasury bond is used 

as a proxy for the world interest rate, the coefficient is positive 

and insignificant. It may suggest that the euro interest rate is 

a better proxy for the world interest rate due to Poland’s geo-

graphical position in Europe. If the real zloty/USD exchange 

rate is employed, the coefficient is positive and insignificant at 

the 10% level. It suggests that the real effective exchange rate 

may be a better proxy because it is a trade-weighted measure 

including major currencies such as the U.S. dollar, the euro, the 

British pound, etc. 

 3. Summary and Conclusions

The This paper has examined the demand for money in 

Poland. Explanatory variables include real output, the deposit 

rate, the real stock price, the real effective exchange rate, and 

the world interest rate. The study finds that both the log-linear 

and linear forms can be rejected in favor of the Box-Cox model. 

The Box-Cox model exhibits a higher value of R2, lack of serial 

correlation, a lower value of the mean absolute percent error, 

a lower value of the Theil inequality coefficient, and more pa-

rameter stability. In the Box-Cox model, real M2 is positively af-

fected by real output and the real effective exchange rate and 

negatively associated with the deposit rate and the world inter-

est rate. The coefficient of the real financial stock price is found 

to be insignificant at the 10% level. These findings suggest that 

the substitution effect of the real effective exchange rate is 
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greater than the wealth effect, that the capital mobility effect 

of  the world interest rate is greater than the cost of borrowing 

effect, and that via the money and goods market equilibrium, 

real depreciation or a higher world interest rate is expected to 

raise real output. 

 There are several policy implications. Because the log-lin-

ear form can be rejected, the constant elasticity as implied in 

the log-linear form does not apply to money demand in Po-

land. Instead, the elasticity of money demand would vary with 

the transformation parameter, the value of money demand, 

and the value of the explanatory variable. The insignificance of 

the real stock price suggests that LM will not shift when the real 

stock price changes. Hence, a higher real stock price is expect-

ed to shift IS upward and raise real output. The positive sign of 

the coefficient of the real effective exchange rate suggests that 

real appreciation is expected to hurt real output. Hence, real 

depreciation may be considered in stimulating exports, reduc-

ing imports, and reducing the demand for  money.   
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