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Abstract  
Recently, steady economic growth rates have been kept in Poland and Hungary. Money 

supplies are growing rather rapidly in these economies. In large, exchange rates have trends of 

depreciation. Then, exports and prices show the steady growth rates. It can be thought that per 

capita GDPs are in the same level and development stages are similar in these two countries. It is 

assumed that these two economies have the same export market and export goods are competing in 

it. If one country has an expansion of monetary policy, price increase and interest rate decrease. 

Then, exchange rate decrease. Exports and GDP will increase through this phenomenon. At the 

same time, this expanded monetary policy affects another country through the trade. This mutual 

relationship between two countries can be expressed by the Nash-equilibrium in the Game theory. 

In this paper, macro-econometric models of Polish and Hungarian economies are built and the 

Nash- equilibrium is introduced into them. 
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Financial Policies and Dynamic Game Simulation in Poland and 

Hungary 

 
Hisao Yoshino 

 

Introduction 
 Polish economy maintained around 5 % GDP growth rate from 1995 to 2000. The 

investment, export and imports showed rapid growth rates. Then, the trade deficit increased and the 

exchange rate kept the trend of depreciation. In this period, the growth rate of M2 showed large 

figures. On its peak, it was larger than 30%. In 2001, GDP growth rate became less than 2 %. The 

investment started to have the trend of decrease and the growth of export declined. The trade deficit 

started to decrease a little. The exchange rate had a trend of appreciation. The growth rate of M2 

showed negative value in 2002 and one digit value in 2003. However, the growth rate of M2 

recovered in 2004 and showed 2 digits value in 2005. The investment started to recover also in 2004. 

Then, the exchange rate started to decrease in 2004.  

 Hungarian economy had small GDP growth rates, less than 2%, in 1995 and 1996, 

showing depression. However, after this period until 2000, it kept rather high growth rates around 

5%. The investment, export and imports showed steady growth rates. Then, the trade balance always 

showed deficits. The exchange rate kept the 2 digits depreciation rates. In this period, the growth rate 

of M2 always showed 2 digits figures. In 1998, it was more than 30%. After 2001, it kept this trend, 

showing around 5 % growth rates of GDP. The trade balance always showed deficits because of 

steady growths of investment, export, and imports. The exchange rate continued to appreciate, but 

depreciated in other years. The growth rate of M2 always showed figures larger than 10% except for 

9% in 2004. It can be observed that the Hungarian central bank have a more active attitude compared 

with the Polish central bank. It is assumed that these 2 countries have the same export market and 

they are competing in that market. If the one country has an expansionary fiscal policy, the price 

increase and the interest rate decrease. Then, the exchange rate depreciates. These changes increase 

the export and GDP. However, such policy affect the another economy through the trade. This 

mutual relationship of two countries can be expressed by the Nash equilibrium of the Game theory. 

In this paper, the macro econometric models of Poland and Hungary have been built at first, then, the 

Nash equilibrium have been introduced.  

 In the next section, outlooks of Polish and Hungarian economies are explained. Financial 

polices of these countries are explained in the section 2. Then, in the section 3, the macro 
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econometric models and simulation are explained. 

 

Section 1・Outlooks of Macro Economies 

 
 Polish economy experienced the negative GDP growth rate in 1990 and 1991 

consecutively since the start of liberalization (Figure 1). In this period, the price showed 

extraordinary high growth rate. Even in the middle of 1990’s, the price still showed the 2 digits 

growth rate (Figure 2) and the GDP growth rate showed rather small figures less than 5%. The 

unstable economic situation was kept. When we look at the movement of Money supply M2 (Figure 

3), we understand that the growth rate has been over 30% until 1996. The gross investment showed 

15% of the growth rate in 1990, but it dropped to minus 20% in 1991. After that, it continued to 

increase up to 20% in 1997. The growth rate of household consumption recorded large negative 

value in 1990. But, it was the exceptional case. In large, it recorded around 5%, showing the bottom 

of 1 or 2 % growth rate in 1994 and 1995. In Poland, the will to consume was strong traditionally. In 

this period, the purchase of family cars was very active and it became the one of driving factors to 

support the economic growth. The growth rate of export showed the large figures more than 10% in 

large, except for 0% in 1991 and 4% in 1993.・During this time, trade partners shifted from the post 

socialist countries to the western countries. The growth rate of exchange rate (Figure 4) recorded 

around 10% depreciation consecutively until 1996 except for the large depreciation in 1991. This 

phenomena brought the large increase of export and steady GDP growth rate. But, it brought the 

rapid increase of the price, at the same time. To keep the steady growth rate of GDP, they conducted 

policies to change trade partners and convert the industrial structure from the heavy industry to the 

industry which reflect the comparative advantages. However, in the beginning of 1990’s, the 

economic situation was still unstable. Reflecting the instability and inactiveness of economy, the 

share of trade balance in GDP (Figure 5) was always small from 4% in 1990 to 1.4% in 1995. The 

driving force of Polish economy was the foreign direct investment (Figure 6). However, that value 

was still small before 1995. It doubled from 1994 to 1995. But it was still less than 4 billion US 

dollars. It could be pointed out that the scale of the foreign direct investment was rather small, 

compared with the figures after 1995 or Hungarian case.    

 After 1995, the economic situation started to have stability. The GDP growth rate 

maintained the very steady figures around 5% from 1995 to 2000. The growth rate of price shown by 

GDP deflator decreased from 40% in 1995 to less than 20% in 1996. It showed the calmness of the 

economy. The growth rate of GDP deflator decreased monotonously from 1996 to 0% in 2003 in 

large. The movement of money supply M2 had a similarity. The growth rate of M2 decreased from 

35% in 1995 to the negative figure in 2002, monotonously. The gross investment showed the large 
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increase of 18% in 1996, then it increased, furthermore, 21% in 1997. Until 1999, the large increase 

more than 10% was kept. The growth rate of household consumption was always on the high level 

from 8.5% in 1996 to 9.4% in 1999. In this period, the boom of the family cars was maintained. The 

increase of export was kept from 21% in 1995 to 9.5% in 1999. It is the result of rapid increases of 

foreign direct investment and automobile export to EU in this period. The exchange rate started to 

show the trend of appreciation. Both of export and imports showed the trend of increase. The share 

of trade balance in GDP showed minus 1.4% in 1996. It was the first negative value since the start of 

reform.  

 

 

Figure 1 Growth Rates of Macro Variables in Poland, Source IFS 
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Figure 2 Growth Rate of GDP deflator in Poland (Source IFS)
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Figure 3 Growth rate of M2 in Poland (% Source IFS)
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Figure 4 Growth Rate of exchange rate in Poland, Source IFS 

-20 

-10 

0 

10

20

30

40

50

60

1
9
9
1

1
9
9
2

1
9
9
3

1
9
9
4

1
9
9
5

1
9
9
6

1
9
9
7

1
9
9
8

1
9
9
9

2
0
0
0

2
0
0
1

2
0
0
2

2
0
0
3

2
0
0
4

2
0
0
5

 

Figure 5 Share of Trade Balance in GDP for Poland (%、Source
IFS)
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Figure 6 FDI for Poland (Million US Dollars
Source IFS)
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Figure 7 GDP Deflator and Interest Rate in Poland, Source IFS 
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Since this year, this negative value continued to be enlarged until minus 10% in 1999 reflecting the 

steady GDP growth rate. The foreign direct investment increased rapidly in this period. FDI in 1995 

recorded 3.7 billion US dollars which was doubled compared with 1994, then it continued to 

increased to 9.3 billion US dollars in 2000. According to the favorable increase of foreign direct 

investment, the economy continued to have the steady GDP growth rate around 5% , showing rapid 

increase of imports, in this period. Until 1998 the export continued to increase by 10% or 20%. But, 

in 1999, the export suddenly decreased by 4%. At the same time, exchange rate showed the 

appreciation by 2.5%. GDP growth rate was 4.6% which was slightly less than the year before. The 

interest rate (Figure 7) decreased to 13.6% in 1999 largely. Before 1999, it was larger than 20%. This 

decrease of interest rate did not become the factor to depreciate the exchange rate. Then, the 

unemployment rate continued to decrease until 10.4% in1998, but it started to have the trend of 

increase from 1999. Except for some small movements, this economy was in the favorable situation 

until 2000.  

 After the year of 2000, it could be found some changes in Polish economy. The growth 

rate of GDP decreased from 4.2% in 2000 to 1.1% in 2001 and it remained in the law level of 1.4% 

in 2002. The growth rate of price shown by GDP deflator recorded 3.5% in 2001, 0.4% in 2003. 

Then, since that time it remained in the level of around 5%. The growth rate of money supply M2 

showed the decrease from 19% in 1999 to 12% in 2000. In 2001, it increased to 15%, but, decreased 

by 3% in 2002. After that, the growth rate of M2 continued to increase as 6%, 7%, and 12%. The 

growth rate of gross investment continued to have negative values from minus 3% in 2000 to the 

year of 2003. This trend is opposite to the trend until 1997. The foreign direct investment continued 

to increase until 9.3 billion US dollars in 2000, however, it decreased largely after that. It was 5.7 

billion US dollars in 2001 and 4.1 billion US dollars in 2002. After that, it increased slightly to 4.6 

billion US dollars and increased largely to 12.9 billion US dollars in 2004. After the year of 2000, 

the growth rate of household consumption remained less than 5%. Compared with years before 2000, 

it showed calmness. The export decreased by 4% in 1999 and increased largely by 23% in 2000. But, 

after that, its growth rate was less than 15%. The exchange rate appreciated from 2002 to 2004. 

Especially, it appreciated more than 10% in 2003. The share of trade balance in GDP continued to 

have figures of around minus 5% after minus 6.4% in 2000. In 2005, it recorded minus 2.9%, then 

the share of trade deficit slightly decreased. In spite of the steady condition of economy, the 

unemployment rate continued to increase from 1999 to 2003. In 2003, it reached to 20%. But, after 

that, it started to decrease and it recorded 18% in 2005. If we observe this economy since 2003, we 

can find some trends such as the trend of increase in the growth rate of M2, the trend of acceleration 

of the growth rate of GDP deflator, the trend of decrease in the interest rate, the trend of increase in 

the growth rate of GDP, the trend of depreciation in exchange rate, and the trend of increase in 
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export.  

 In 1960’s, many reforms were conducted in the former Soviet Union and countries in East 

European countries. However, only Hungarian reform called “New Economic Mechanism: NEM” 

remained in effectiveness. It lead to the economic liberalization in the latter half of 1980’s. In the 

beginning of 1980’s, they had already established the system of private contract of the small scale 

state enterprise, and the system of corporate bond. They started to try to reform the labor market and 

introduce a capital market. In 1986, they established the law of bankruptcy and introduced the 

unemployment insurance. After that, until the privatization of state enterprise and the  

price liberalization in 1989, various reforms were conducted. The start of reforms in Hungarian 

economy was much earlier than Polish economy. Therefore they could control more adequately 

fluctuations accompanied with reforms compare with Polish case. . 

 The GDP growth rate of Hungarian economy (Figure8) recorded minus 3% in 1992. After 

this year, this economy started to have a trend of recover gradually. From 1994, this economy never 

experienced the negative GDP growth rate. The growth rate of price shown by GDP deflator (Figure 

9) recorded the largest figure of 35% and then it started to decrease. It decreased to 19% in 1994. In 

1995, it increased to 27% again. But, after that, it had a trend of decrease. The growth rate of money 

supply M2 (Figure 10) showed close to 30% in 1990 and 19991. Then, it decreased to 13% in 1994. 

After that it had a trend of increase again. The growth rate of gross investment continued to show 

negative value until minus 6% in 1993. Then, it had a trend of recover, showing 10% in 1994. The 

private consumption increased by 4% in 1991 and 1% in 1992. In 1995, it decreased by 6% in 1995. 

The growth rate of export showed positive value, 3.5% in 1992. It decreased to minus 10% in 1993. 

However, after that, it showed figures a little bit more than 10% in large, except for the large value 

of 14% in 1994. The exchange rate (Figure 11) depreciated largely, by 35% in 1991 and 29% in 1993. 

In general, until 1995, it depreciated by around 15% in other years. Hungarian exchange rate 

continued to depreciate until 2001. It had a contrast with the Polish case in which the exchange rate 

had a trend of appreciation earlier. The growth rate of money supply M2 decreased from 30% in 

1991 to 13% in 1994. The growth rate of GDP deflator decreased from 35% in 1991 to 19% in 1994, 

also. The movement of exchange rate had a similarity with them. The share of trade balance in GDP 

(Figure 12) was around minus 2% in 1991 and 1992, then it decreased a lot to minus 8% in 1993. It 

had a similar figure in 1994 also. This seemed to have a relationship with the very large depreciation 

of exchange rate by 29% in 1993. After the reform, the foreign direct investment (Figure 13) was the 

driving force of this economy. But, its role was smaller until 1994. FDI recorded around 1.5 billion 

US dollars in 1991 and 1992. In 1993, it increased to 2.4 billion US dollars, then, it decreased to 1.1 

billion US dollars in 1994.  

 In 1994, GDP growth rate showed 3%. At last, this economy could escape from the 

negative growth. But, it showed still low level, 1.4% in 1995 and 1.3% in 1996. In 1997, it increased 
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to 4.6%. Then, it kept the same level. The growth rate of GDP deflator recorded large figures, 27% 

in 1995 and 21% in 1996. After that, it had a trend of decrease, 18% in 1997 and 13% in 1998. The 

growth rate of M2 increased from 18% in 1995 to 21% in 1996, then, it reached to30% in1998. After 

that, it ha a trend of decrease, and it showed 13% in 2000. The growth rate of gross investment was 

2% in 1995 and recovered to 7% in 1996. It was steady until 13% in 1998. But, it decreased to 4% in 

1999. The growth rate of private consumption continued to have negative values, minus 6% in 1995 

and minus 3% in 1996, but it had favorable values, 2% in 1997, 7% in 1998, and 6% in 1999, 

according to the rather high GDP growth rate in this period. The growth rate of export started to 

increase rapidly from 1994 and it showed 48% in 1995. Until 22% in 2000, it kept to show around 

20%. It can be understood that this economy was driven by the export. The exchange rate kept the 

trend of depreciation from 13% in 1994 to 20% in 2000. The share of trade balance in GDP was 

minus 7% in 1994, then, it improved to minus 2% in 1995. In 1997 it was minus 1%. But it 

decreased to minus 4% 1998. After that, it kept figures of around minus 4%. The foreign direct 

investment was 1.1 billion US dollars in 1994 and increased largely to 4.8 billion US dollars. After 

that, it decreased gradually to 2.8 billion US dollars in 2000. The interest rate (Figure 14), also, 

decreased monotonously from 33% in 1995 to 13% in 2000. However, this movement was a little 

more sluggish compared with the decrease of the growth rate of GDP deflator. In this period, M2 had 

a trend of increase and the exchange rate had a trend of depreciation. The export increased and 

imports increased at the same time. Then, the trade deficit expanded and it stimulated the GDP 

growth. As the result, GDP growth rate kept the steady figures around 5%.  

 The GDP growth rate recorded 5.2% in 2000 and decreased a little to 3.8% in 2001. It 

decreased until 2.9% in 2003. But, It kept steady figures of around 5% such as 6.8% in 2004 and 

4.6% in 2005. The growth rate of GDP deflator decreased gradually from 9.9% in 2000 to 6.9% in 

2003. It was 3.5% in 2004, and decreased furthermore, to 2.5% in 2005. The growth rate of M2 was 

around 15% from 13% in 2000 to 12% in 2003. It decreased to 9% in 2004 and recovered to 13% in 

2005. The growth rate of gross investment increased from 1.7% in 2000 to 3.9% in 2002. In 2003, it 

showed the negative value, minus 1%. But, it recovered to 6.4% in the next year and 5% in 2005. 

The growth rate of private consumption increased from 2.5% in 2000 to 7.2% in 2002, and then, 

decreased gradually to 2.4% in 2005. The growth rate of export showed the large value, 22% in 2000. 

However, after that, it kept 1 digit figures until 2003. From 2004, it kept 2 digits figures. The 

exchange rate depreciated by 20% in 2000 and depreciated by 9% in 2001. It appreciated by 0.4% in 

2002 and appreciated largely by 11% in 2003. It started to have the trend of appreciation. The share 

of trade balance in GDP was minus 4% in 2000. In the next year, it increased to minus 1.4%. It was 

minus 3% in 2002, minus 5.6% in 2003, and minus 0.1% in 2005. In large, it was around minus 5%. 

The foreign direct investment decreased to 2.8 billion in 2000 from 1999. In 2001, it increased to 3.9 

billion US dollars. After that, it increased continuously to 6.4 billion US dollars in 2005. The interest 
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rate had a trend of slight decrease. In this period, the investment and GDP growth rate showed steady 

figures according to the increase of the foreign direct investment. In spite of the large growth rate of 

M2, the growth rate of GDP deflator remained in the level of 1 digit figures. It could be observed the 

trend of appreciation in exchange rate. In spite of the trend of appreciation in exchange rate, the 

export increased steadily and the share of trade deficit in GDP was larger than minus 5% in large.       

 
 
 
 

 

 

Figure 8 Growth Rates of Macro Variables in Hungary, Source IFS           
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Figure 9 Growth Rate of GDP Deflator in Hungary, Source IFS
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Figure 10 Growth Rate of M2 in Hungary, Source IFS
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Figure 11Growth Rate of Exchange Rate in Hungary              
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Figure12Share of Trade Balance in GDP in Hungary  、
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Figure13 FDI to Poland in Million US Dollars, Source IFS   
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Figure 14 Growth Rates of GDP Deflator and Interest Rate in Hungary, Source IFS   
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Section 2 Financial Policies in Poland and Hungary 
 

 In May of 2004, Poland and Hungary joined the European Union. By this measure, trade 

circumstances of these countries were improved largely. Then, the prospects of export lead growth of 

these countries became very clear. In this period, economists in these countries discussed often the 

introduction of common currency, EURO. However, from around 2005, economists became not to 

talk about this issue.  

 If they adopt EURO, they can avoid the risk accompanied with the fluctuation of exchange 

rate. In this point of view, the investment and export could become more active. But it would 

become difficult to alleviate shocks in short terms and in specific areas. Then, the equilibrium 

exchange rate appreciates according to the promotion of economic development. If they adopted 

EURO, economies may start to have accelerations of inflations. Conditions of join into EURO were 

regulated by Maastricht Treaty. They were related to the inflation rate, the long term interest rate, the 

financial deficit, and the stability of exchange rate. If they have policies of monetary expansions, as 

a result, they could have increases of inflations, decreases of interest rates, decreases of exchange 

rates, large increases of exports, and accelerations of GDP growth rates. But, if they follow the treaty, 

they could not to have policies of monetary expansions. 

 The growth rate of M2 in Poland was always larger than 20% until 1998. In 1999, it 

became 19% and then, it continued to decrease in large to minus 2.7% in 2002. The growth rate of 

was GDP deflator was 11% in 1998 and it was 2.2% in 2002. From 1998 to 2002, it decreased 

gradually, which was similar to the movement of the growth rate of M2. The exchange rate was 

depreciated by 5.7% in 1998 and appreciated by 2.5% in 1999. Then, it depreciated by around 10% 

for 2 years. From 1998 to 2001, it showed the trend of depreciation. The demand factors analysis 

(Table 1) shows that the export supported 5.2% for GDP growth rate, 4.9%. In 2000, it supported 

6.3% for GDP growth rate, 4.2%. From 1998 to 2001, GDP growth rate depended on the growth rate 

of export. But, the situation changed from 2002. In this year, the growth rate of M2 became minus 

2.8% and the growth rate of GDP deflator decreased to 2.2%. The exchange rate appreciated by 4% 

and the contribution of export decreased to 1.7% in GDP growth rate, 1.4%. From 2003, The growth 

rate of money supply started to increase, again. It increased monotonously to 12% in 2005. The 

growth rate of GDP deflator showed around 4%. The exchanger rate depreciated by 11% in 2003 and 

depreciated by 12% in 2005. In this period, the growth rate of GDP was around 4% on average and 

the export contributed by around 4% on average. Among the demand factors, it showed the largest 

contribution and this meant the situation of export lead growth.  

 On the other hand, the growth rate of M2 had the peak of 30% in 1998, and after that, it 

continued to show 15%. The growth rate of GDP deflator, also, had the peak of 12.6% in 1998, and 
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after that, it continued to have around 8% until 2003. The exchange rate had a trend of large 

depreciation continuously until the 9% depreciation in 2001. However, from 2002, it showed the 

trend of appreciation. In 1998, GDP growth rate was 4.9% and the export contributed (Table 2) by 

10.4%. Then, GDP growth rate was 5.2% and the export contributed by 16%. The export in Hungary 

had more important role in economic growth compared with the case in Poland. In 2003 and 2004, 

the growth rate of M2 decreased a little, 12.5% in 2003 and 8.9% in 2004. Then, the exchange rate 

appreciated by 11% in 2003 and 3% in 2004. In 2003, GDP growth rate recorded the lowest figure, 

2.9% since 1997 and the contribution of export was 6.8%. In 2004, the exchange rate appreciated by 

3.3%. The appreciation was smaller compared with the before. GDP growth rate was 6.8% in 2004. 

In 2005, the growth rate of M2 increased rapidly to 13.3% and the exchange rate depreciated. It had 

been 4 years since the last depreciation. In 2005, GDP growth rate was 4.6% and the contribution of 

export was 9.5%. 

 As mentioned above, it seemed like that their economies had trends as follows. Central 

banks increased the money supplies M2s, and the exchange rates depreciated. By these depreciations, 

the exports increased, and then, GDP growth rates were accelerated.  

 

 Table1 Demand factors analysis of Growth for Poland, Source IFS  

 
GDP Growth 

Rate 
Consumption 

Government 

Consumption

Gross 

Investment
Inventory Export Imports 

1990 -11.07 -8.12 33.89 3.56 -3.7 1.98 -0.3 

1991 -7.05 4.21 0.39 -4.06 -0.3 0.07 3.09 

1992 1.81 6.11 -0.35 -1.69 7.96 1.79 1.43 

1993 4.2 4 0.22 -0.25 0.25 0.66 1.65 

1994 -1.45 0.38 -1.62 0.08 0 1.69 1.86 

1995 7 1.22 3.57 1.01 -4.4 4.01 3.95 

1996 6.16 5.28 0.55 3.51 0.13 2.33 6.12 

1997 7.19 4.72 0.67 4.64 0.02 2.98 5.95 

1998 4.93 3.61 0.6 3.42 0.02 5.16 8.39 

1999 4.58 6.18 1.73 2.43 -0.1 -0.94 4.58 

2000 4.15 0.86 0.01 -0.64 0.33 6.3 1.65 

2001 1.11 2.16 0.85 -2.31 -0.1 2.54 0.54 

2002 1.42 3.75 0.46 -1.36 0.26 1.7 2.74 

2003 3.85 0.39 0.72 -0.04 -2.9 5.04 2.49 

2004 5.24 3.06 0.91 0.99 6.54 4.15 5.75 

2005 3.29 1.01 1.35 0.75 -0.5 3.39 1.9 
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Growth Rate of 

M2 
Growth Rate of Exchange Rate Growth Rate of GDP Deflator 

1990 160.12 -16.17 434.8 

1991 36.95 53.8 55.27 

1992 57.49 -0.85 38.49 

1993 36.04 7.67 30.56 

1994 38.23 0.55 37.35 

1995 34.99 8.08 40 

1996 30.96 8.49 18 

1997 29.07 3.27 13.81 

1998 25.17 5.66 11.13 

1999 19.35 -2.46 6.03 

2000 11.76 9.77 7.3 

2001 15.04 12.7 3.5 

2002 -2.77 -4.08 2.22 

2003 5.7 -10.92 0.38 

2004 6.91 -0.11 4.05 

2005 12.21 11.64 2.81 

 Table 2 Demand factors analysis of Growth for Hungary, Source IFS  

 
GDP Growth 

Rate 
Consumption 

Gov. 

Consumption

Gross 

Investment
Inventory Export Imports 

1990 -3.5 -4.46 -0.75 -3.72 0.67 -1.11 -5.2 

1991 -11.9 2.88 -0.68 -0.48 1.21 -0.98 7.94 

1992 -3.03 0.72 0.77 -1.55 -15 0.96 0.35 

1993 -0.83 -0.19 1.8 -1.12 -1.3 -2.38 4.64 

1994 3.16 0.4 -1.17 2.11 2.06 3.9 2.58 

1995 1.36 -3.8 -0.73 0.44 0.7 19.49 9.85 

1996 1.32 -2.24 -0.7 1.57 2.53 5.9 4.24 

1997 4.6 1.41 0.97 2.17 0.52 11.95 12.4 

1998 4.88 4.37 0.2 3.04 1.46 10.39 15.3 

1999 4.13 3.63 0.33 1.08 -0.2 8.4 9.07 

2000 5.21 1.56 -0.15 0.4 4.32 16.35 15.5 

2001 3.81 3.63 0.99 0.86 -1.8 6.82 4.14 

2002 3.58 4.76 1.25 0.91 -0.8 3.61 5.46 

2003 2.91 4.7 0.56 -0.15 1.05 6.83 10 

2004 6.84 3.67 0.18 1.45 -0.5 13.44 10.6 
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2005 4.56 1.61 -0.1 1.12 -0.3 9.51 6.13 

 
Growth Rate 

of M2 

Growth Rate of Exchange 

Rate 
Growth Rate of GDP Deflator 

1990 29.19 10.89 25.67 

1991 29.38 34.08 35.37 

1992 27.3 14.17 21.48 

1993 16.79 28.74 21.9 

1994 13.44 13.46 19.24 

1995 18 14.37 26.89 

1996 21.18 25.34 21.19 

1997 23.6 27.11 18.44 

1998 30.33 15 12.62 

1999 15.66 12.77 8.46 

2000 12.61 20.07 9.89 

2001 16.14 9.04 8.6 

2002 14.1 -0.35 8.84 

2003 12.45 -11.05 6.85 

2004 8.89 -3.37 3.4 

2005 13.31 0.41 2.53 

 

Especially, in Hungary this trend was strong.  

 

It is assumed that exports from these countries are competing in EU market and export 

goods are perfect substitutes. One central bank of these countries determines the optimal money 

supply, M2, given the money supply, M2 of another central bank. However, we have 1 problem 

which is how to make a relationship between GDP growth rate and the growth rate of price which is 

shown by GDP deflator. One way is to obtain the preference between GDP growth rate and the 

growth rate of GDP deflator from the regression, using data, with assuming these economies have 

been in Nash equilibrium. Another way is as follows. The indicator which shows utility is explained 

by GDP growth rate and the growth rate of GDP deflator by regression, and then the preference of 

these 2 variables are gained. In this paper, data of insurance premium has been used to express the 

utility. The data is from the Statistical Yearbook in these countries. It is assumed that confusions of 

these countries after reforms have been calmed down and risks have become constant. It is possible 

to use the insurance premium as the indicator of utility by this assumption. As described above, 

using the regression, the preference between GDP growth rate and the grow rate of GDP deflator has 

been obtained. At the same time, the relationship between GDP growth rate and the growth rate of 
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GDP deflator in the past for each country has been checked to keep the reality. Each central bank 

conducts optimization with satisfying the preference. In this way, Nash equilibrium has been 

introduced into the macro econometric model. 

 Under premises mentioned above, macro econometric models of Poland and Hungary, and 

the export market model have been built. Then, reaction functions have been estimated. After that, 

the simulation has been conducted. 

 

Section 3 Equations of Estimation and Definition 
      

  Equations of estimation and definition of the macro econometric model are shown below. 

The figure in parentheses under the estimated value shows t value without plus or minus sign. DW 

shows Durbin-Watson value. R2 shows the coefficient of determination.    

 
 

 

Table 3 Variables in Equations of Estimations and Definitions 

1P1E   Real Export of Poland          1P1EDFLTR  Export Price of Poland 

1P1EN   Nominal Export of Poland       1P1EXR     Exchange Rate of Poland 

1P1FDI   FDI of Poland                  1P1FDISTCK  FDI Stock of Poland 

1P1GC   Real Gov. Consumption of Poland  1P1GDP     GDP of Poland 

1P1GFCF  Gross Fixed Capital Formation of Poland 1P1HC      Real Household Consumption of Poland 

1P1J   Real Inventory of Poland     1P1K        Capital Stock of Poland 

1P1M   Real Imports of Poland       1P1M2      Money Supply, M2 of Poland 

1P1MDFLTR Imports Price of Poland      1P1MN      Nominal Imports of Poland 

1P1PGDP  GDP Deflator of Poland          1P1POTGDP  Potential GDP of Poland 

1P1R     The Interest of Poland       1P1EDOLN Nominal Export of Poland in US Dollars 

1P1EDOLR Real Export of Poland in US Dollars       

 

 

D00      Dummy for 2000            D01       Dummy for 2001 

D02      Dummy for 2002                  D03              Dummy for 2003 

D04      Dummy for 2004                  D05              Dummy for 2005 

D89      Dummy for 1989                  D90              Dummy for 1990 

D91      Dummy for 1991                  D92              Dummy for 1992 

D93      Dummy for 1993                  D94              Dummy for 1994 

D95      Dummy for 1995                  D96              Dummy for 1996 
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D97      Dummy for 1997                  D98              Dummy for 1998 

D99      Dummy for 1999 

 

2H2E     Real Export of Hungary        2H2EDFLTR  Export Price of Hungary 

2H2EXR  Exchange Rate of Hungary      2H2FDIFRT    FDI of Hungary  

2H2FDISTCK  FDI Stock of Hungary         2H2GC       Real Gov. Consumption of Hungary 

2H2GDP Real GDP of Hungary GDP         2H2GFCF Gross Fixed Capital Formation of Hungary 

2H2J     Real Inventory of Hungary     2H2K    Capital Stock of Hungary 

2H2M    Real Imports of Hungary      2H2M2       Money Supply, M2 of Hungary 

2H2MDFLTR Imports Price of Hungary    2H2MN     Nominal Imports of Hungary 

2H2PC    Real Private Consumption of Hungary 2H2PGDP   GDP Deflator of Hungary 

2H2POTGDP Potential GDP of Hungary        2H2R        The interest Rate of Hungary 

2H2EDOLN  Nominal Exports of Hungary in US Dollars 

2H2EDOLR  Real Exports of Hungary in US Dollars 

 

EDFLTRDOLPH Common Exports Price in US Dollars fro Poland and Hungary 

EDOLPHR       Total Real Exports in US Dollars for Poland and Hungary    

GDPUSR      Real GDP of US in US Dollars 

PGDPUS      GDP Deflator of US 

 

By Author 

 

 

3.1 Polish Block  

3.1.1 Household Consumption Function 

（1）Sample period from 1989 to 2005 

（2）Estimated equation 

1P1HC = 251600.9 + 0.1102*1P1GDP + 0.7272*1P1M2 – 1P1PGDP – 49023.4*D90 

     （6.36）   （1.56）             （6.49）    （2.46）  （6.50） 

          - 26136.48*D91 – 25086.1* D01 -25134.8*D05 

           （3.31）       （3.22）      （2.98） 

DW: 2.92 

R2: 0.995 

 

3.1.2 Investment Function 

（1）Sample period from 1989 to 2005 
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（2）Estimated equation 

1P1GFCF= -49899.4 + 279808.8*(1P1GDP/1P1K) – 69.6629*(1P1R/1P1PGDP)  

          (0.8386)  (1.2752)                 (1.155) 

+ 0.739*1P1GFCF(-1) – 15173.4*D02 + 14185.7*D98 -18159.7*D01 

          (4.8)                 (1.55)        (1.55)       (1.67) 

DW: 1.56 

R2: 0.918 

 Real gross fixed capital formation is explained by capital utilization ratio(1P1GDP/1P1K), capital 

cost(1P1R/1P1PGDP), and inertia. 

 

3.1.3 Potential production function 

(1) Sample period from 1989 to 2005                                

(2)  Estimated equation 

Log(1P1POTGDP) = -1.00065 + 0.04113*log(1P1FDISTCK) + 0.9682*log(1P1K) 

                  (1.244)   (14.428)                  (17.025) 

                 + 0.1699*D96  - 0.0282*D00 – 0.0235*D01 

                  (1.324)        (2.321)      (1.911) 

DW: 1.601 

R2: 0.997 

 Potential production is explained by FDI stock and capital stock. In this model, technology 

choice is assumed to be conducted by the historical background. Capital-labor ratio is constant 

country to country (1). 

 

3.1.4 Statistical equation for export deflator 

(1)   Sample period from 1989 to 2005                                

(2)  Estimated equation 

1P1EDFLTR = -0.66424・+ 0.374469*EDFLTRDOLPH*1P1EXR 

            (5.33065)  (12.01607) 

 -0.44507*D89 + 0.155417*D90 

            (4.88598)      (1.46423) 

DW: 1.537211 

R2: 0.952451 

 Export deflator of Poland is explained by the variable which is made by the exchange rate 

times the unique dollar price(2) determined in the common export market of Poland and Hungary. 

 

3.1.5 Determination of imports deflator 
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(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

LOG(1P1MDFLTR) = -3.36845  + 2.302949* LOG(1P1EXR) 

                 (10.2877)   (9.383628) 

               -1.89745*D89 + 0.462119*D90 -0.34822*D01 

                (9.92429)      (2.088514)     (2.16114) 

DW: 1.7107 

R2: 0.97205 

 

3.1.6 Determination of GDP deflator 

(1)・Sample period from 1989 to 2005                                

(2)・Estimated equation 

1P1PGDP = -0.52371 + 0.706993*(1P1GDP/1P1POTGDP) + 1.03552* (1P1M2/1P1GDP) 

          (3.04224)  (3.529356)                   (7.841412) 

          + 0.324865* (1P1MDFLTR) + 0.102745* (1P1MDFLTR(-1)) 

           (5.849354)               (1.40977) 

          + 0.047684*D02          + 0.011434*D96 

           (4.450842)               (1.08349) 

DW: 1.891 

R2: 0.998 

 GDP deflator is explained by the ratio of GDP and potential production, the ratio of M2 

and GDP, imports deflator, and imports deflator of 1 period before. 

 

3.1.7 Determination of exchange rate 

(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

LOG(1P1EXR) = 1.304098   -0.47823*LOG(1P1EN/1P1MN) - 0.08141*LOG(1P1R/1P1PGDP) 

              (3.558205)  (2.80566)                  (2.12381) 

 

 

              + 0.218283* LOG(1P1EXR(-1)) 

              (1.117945) 

DW: 1.776 

R2: 0.85001 

               

 The exchange rate is explained by the nominal ratio of export and imports, real interest 
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rate, and inertia. 

 

3.1.8 Determination of the interest rate 

(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

LOG(1P1R) = -18.3232  - 3.02758* LOG(_1P1M2) + 2.527829* LOG(_1P1PGDP) 

             (0.87284)  (2.4285)              (2.133763) 

           + 4.371208* LOG(_1P1GDP) - 0.81407*D03  - 0.90168*D04 

             (1.7199)                (3.39332)      (3.24861) 

           - 0.88816*D05            + 0.422358*D01 

             (3.10094)               (1.702074) 

DW: 2.0729 

R2: 0.91326 

 The interest rate is determined by M2, GDP deflator, and GDP. 

 

3.1.9 Definition of capital stock 

1P1K・= 0.95・* 1P1K(-1)・+ 1P1GFCF 

 

3.1.10 Definition of nominal imports 

1P1MN・= 1P1M・* 1P1MDFLTR 

 

3.1.11 Definition of the foreign direct investment 

1P1FDISTCK・= 0.95・* 1P1FDISTCK (-1)・+ 1P1FDI 

 

3.1.12 Definition of GDP 

1P1GDP・= 1P1HC・+ 1P1GFCF・+ 1P1J・+ 1P1GC・+ 1P1E・- 1P1M 

 

3.1.13 Imports function 
(1)・Sample period from 1989 to 2005                                

(2)  Estimated equation 

LOG(1P1M) = -8.69911 + 1.562723*LOG(1P1GDP)  -0.32394*LOG(1P1MDFLTR) 
            (1.78147)  (4.3372)              (1.5094) 
           + 1.109623*LOG(_1P1PGDP) + 0.058329*D98 - 0.06004*D01 
            (5.250957)                (1.91894)      (1.9225) 
DW: 2.22807 
R2: 0.995138 
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3.2 Hungarian Block 
3.2.1 Private consumption function 
(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

2H2PC = 1900.987 + 0.1021*2H2GDP + 0.9143*(2H2M2/2H2GDP)  
        (4.52)     (1.10)          (5.70) 
        - 684.68*D90 -432.18*D98 – 384.42*D99 – 383.03*D00 
        (2.88)       (1.85)        (1.65)       (1.63) 
DW: 1.62 
R2: 0.965 
 

3.2.2 Investment function 
(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

2H2GFCF = - 248.90 + 8914.03*(2H2GDP/2H2K) -2.93*(2H2R/2H2PGDP) + 0.39*GFCF(-1) 
          (0.437)   (1.86)                 (3.46)               (1.605) 
DW: 2.147 
R2: 0.964 
 Real gross capital formation is explained by capital utilization ratio (2H2GDP/2H2K), 

capital cost(2H2R/2H2PGDP), and inertia. 

 
3.2.3 Imports function 
(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

2H2M = -2403.99 + 1.547*2H2GDP - 9274.95*(2H2MDFLTR/2H2PGDP) 
        (1.15)    (14.26)        (9.84) 
       -1963.49*D89 + 1635.118*D00 – 925.0289*D94 + 693.286*D99 -700.795*D05 
        (3.30)        (3.1)          (1.69)         (1.33)       (1.13) 
DW: 1.803 
R2: 0.987 
 
3.2.4 Potential production function 
(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 
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2H2POTGDP = -1916.35 + 0.2391*2H2K + 0.6197*2H2FDISTCK 

            (0.4373)  (2.7647)      (11.5729) 

DW: 1.803 

R2: 0.987 

 Real potential production is determined by capital stock and FDI stock. It is assumed that 

the technology choice is conducted by the historical background and the capital labor ratio is 

constant, country to country(3). 

 

3.2.5 Determination of imports deflator 

(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

2H2MDFLTR = 0.1044 + 0.00324*2H2EXR + 0.0976*D96 – 0.1290*D02  

           (4.503)   (27.041)        (2.136)      (2.660) 

DW値: 1.418 

R2: 0.9798 

 

3.2.6 Determination of GDP deflator 

(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

LOG(2H2PGDP) = 0.3249 + 0.5097*LOG(2H2GDP/2H2POTGDP) + 

0.3437*LOG(2H2M2/2H2GDP) 

             (3.265)  (1.482)                      (2.456) 

              + 0.0986*LOG(2H2MDFLTR) + 0.5361*LOG(2H2PGDP(-1)) + 0.0764*D96 

               (1.918)                 (3.569)                   (4.610) 

              + 0.0625*D97 – 0.0389*D05 + 0.0858*D95 + 0.0763*D91 

               (4.317)      (2.343)      (6.405)      (3.518) 

DW: 2.492 

R2: 0.999 

 GDP deflator is explained by ratio of GDP and potential production, ratio of M2 and GDP, 

imports deflator, and imports deflator 1 period before.  

 

3.2.7 Determination of exchange rate  

(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

LOG(2H2EXR) = 7.209 – 0.608*LOG( (2H2E*2H2EDFLTR)/(2H2M*2H2MDFLTR) ) 

              (53.31) (1.52)        
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- 0.650*LOG(2H2R/2H2PGDP) – 0.4486*D05 - 0.326*D03 + 0.2161*D95 

              (18.84)                    (2.91)       (2.135)    (1.514) 

             + 0.208*D96 + 0.1972*D97 

(1.460)     (1.372) 

DW: 1.486 

R2: 0.963 

 Exchange rate is explained by nominal ratio of export and imports and real interest rate. 

 

3.2.8 Determination of interest rate 

LOG(2H2R)・= 1.277559・- 11.65039495・* LOG (2H2M2 /2H2PGDP)・ 

+ 10.86791947・* LOG (2H2GDP)・- 1.241221428・* D89・ 

+ 1.68612671・* D92・- 1.189761633・* D97 

 

 Interest rate is determined by real M2 and GDP(4). 

 

3.2.9 Definition of capital stock 

2H2K・= 0.95・* 2h2K(-1)・+ 2H2GFCF 

 

3.2.10 Definition of nominal imports 

2H2MN = 2H2M・* 2H2MDFLTR 

 

3.2.11 Definition of FDI stock 

2H2FDISTCK = 0.95・* 2H2FDISTCK(-1)・+ 2H2FDIFRT 

 

3.2.12 Definition of GDP 

2H2GDP = 2H2PC + 2H2GC・+ 2H2GFCF・+ 2H2J・+ 2H2E・- 2H2M 

 

3.3 Export block 

 

3.3.1 Polish real export supply function in US dollars 

(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

1P1EDOLR = -89752.7 + 30925.76*EDFLTRDOLPH + 24240.87*1P1EXR + 22716.7*D90 

           (2.498)   (1.205)                (5.481)           (1.648) 

           19284.95*D05 + 18564.8*D03 

            (1.591)       (1.598) 
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DW: 1.778 

R2: 0.762 

 Polish real export in US dollars is explained by the common export price of Poland and 

Hungary, and Polish exchange rate(5). 

 

3.3.2 Hungarian real export supply function in US dollars 

(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

LOG(2H2EDOLR) = 6.928    + 0.4038*LOG(EDFLTRDOLPH) + 0.6278*LOG(2H2EXR) – 0.2789*D94 

                 (25.435)    (1.159)                       (11.432)             (1.947) 

                - 0.1225*D99 + 0.4411*D05 + 0.2111*D04 

                 (0.844)      (3.065)      (1.387) 

Hungarian real export in US dollars is explained by the common export price of Poland and 

Hungary, and Hungarian exchange rate. 

 

3.3.3 Determination of common export price of Poland and Hungary 

(1)  Sample period from 1989 to 2005                                

(2)  Estimated equation 

LOG(EDFLTRDOLPH/PGDPUS) = -7.0363 – 0.511*LOG(EDOLPHR) + 

1.397*LOG(GDPUSR) 

                          (1.977)   (4.065)              (2.606) 

                          -0.2034*D93 + 0.133*D95 – 0.1582*D01 

                          (2.452)       (1.60)      (1.95) 

DW: 1.787 

R2: 0.778 

 The ratio of common export price of Poland and Hungary, and GDP deflator of US is 

explained by the sum of real export in US dollars in Poland and Hungary, and real GDP of US.  

 

3.3.4 Definition of total and real export in US dollars of Poland and Hungary 

EDOLPHR = 1P1EDOLR・+ 2H2EDOLR 

 

3.3.5 Definition of Polish nominal export in US dollars  

1P1EDOLN・= 1P1EDOLR・* EDFLTRDOLPH 

 

3.3.6 Definition of Hungarian Nominal export in US dollars 

2H2EDOLN = 2H2EDOLR・* EDFLTRDOLPH 
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3.3.7 Definition of Polish nominal export  

1P1EN = 1P1EDOLN・* 1P1EXR 

 

3.3.8 Definition of Hungarian nominal export 

2H2EN = (2H2EDOLN・* 2H2EXR)・/ 1000 

 

3.3.9 Definition of Polish real export 

1P1E = 1P1EN・/ 1P1EDFLTR 

 

3.3.10 Definition of Hungarian real export 

2H2E = 2H2EN・/ 2H2EDFLTR 
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Table4 Result of Final test of Poland and Hungary model for main variables 

2000 2001 2002 2003 2004 2005
1P1E
      Baseline 223351 200315 220235 307733 257480 331875
      Actuals 201908 219479 231767 266497 297537 324356
      % Deviation 10.6 -8.7 -5 15.5 -13.5 2.3
1P1EDFLTR
      Baseline 1.05 0.83 1.11 1.07 1.37 1.28
      Actuals 1 0.96 1 1.05 1.17 1.12
      % Deviation 4.7 -14.1 10.8 1.6 17.6 14.5
_1P1EDOLR
      Baseline 51177 41574 51535 71130 64940 81833
      Actuals 46457 44801 51083 62976 76606 74444
      % Deviation 10.2 -7.2 0.9 12.9 -15.2 9.9
1P1EXR
      Baseline 4.53 4.21 4.48 4.58 4.99 4.94
      Actuals 4.35 4.9 4.7 4.19 4.18 4.67
      % Deviation 4.1 -14 -4.6 9.4 19.4 5.9
1P1GDP
      Baseline 751436 731282 745298 823391 811406 853412
      Actuals 744622 752855 763572 792957 834531 861964
      % Deviation 0.92 -2.87 -2.39 3.84 -2.77 -0.99
1P1PGDP
      Baseline 1.08 0.97 1.08 1.12 1.21 1.28
      Actuals 1 1.04 1.06 1.06 1.11 1.14
      % Deviation 7.6 -5.9 1.7 5.7 10 12.5
2H2E
      Baseline 9289 9476 10962 10711 14497 15702
      Actuals 9820 10678 11167 12087 13906 15312
      % Deviation -5.4 -11.3 -1.8 -11.4 4.3 2.5
2H2EDFLTR
      Baseline 0.94 0.94 1.14 1.1 1 1.04
      Actuals 1 1.02 0.97 0.97 0.95 0.95
      % Deviation -6.5 -8 17.1 13.3 4.6 9.6
_2H2EDOLR
      Baseline 33426 34066 38194 37527 45806 55511
      Actuals 34802 39742 38821 40516 44019 53235
      % Deviation -4 -14.3 -1.6 -7.4 4.1 4.3
2H2EXR
      Baseline 257.4 276.9 309.5 309.1 289.5 278.7
      Actuals 282.2 307.7 306.6 272.8 263.6 264.6
      % Deviation -8.8 -10 0.9 13.3 9.8 5.3
2H2GDP
      Baseline 12690 13553 14012 14228 15536 16543
      Actuals 13172 13674 14163 14576 15573 16283
      % Deviation -3.66 -0.88 -1.07 -2.38 -0.24 1.6
      % Deviation -0.57 3.39 0.6 -3.41 -5.31 1.01
2H2PGDP
      Baseline 1 1.09 1.18 1.28 1.35 1.36
      Actuals 1 1.09 1.18 1.26 1.31 1.34
      % Deviation -0.03 0.58 -0.39 1.23 3.52 1.63
EDFLTRDOLPH
      Baseline 1.01 0.94 1.05 1.01 1.09 1.05
      Actuals 1 0.89 0.91 1.06 1.14 1.03
      % Deviation 1 5.8 15.8 -4.3 -4.6 2.3
EDOLPHR
      Baseline 84603 75640 89729 108658 110746 137344
      Actuals 81259 84543 89904 103493 120625 127679
      % Deviation 4.1 -10.5 -0.2 5 -8.2 7.6  

by author 

 

3.4    Final test 
From 1992 to 2005, this model has been calculated. The maximum number of iterations is 5. It 

has been converged smoothly. In table 4, the results of calculation are shown for main variables. 

3.5 Simulation 
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 It is assumed that Polish and Hungarian export goods are competing in one export market. 

If the one country has an expansionary fiscal policy, the export increases through the depreciation of 

exchange rate, and GDP increases. It affects the export and GDP of another country. The one central 

bank of these countries determines the optimal money supply, M2, given the money supply, M2 of 

another central bank. The criterion of optimality is from GDP growth rate and the inflation rate. We 

have 2 ways to get the criterion, in other words, the preference, between GDP growth rate and the 

inflation rate shown in the growth rate of GDP deflator. One way is to obtain the preference between 

GDP growth rate and the growth rate of GDP deflator from the regression, using data, with assuming 

these economies have been in Nash equilibrium. Another way is as follows. The indicator which 

shows utility is explained by GDP growth rate and the growth rate of GDP deflator by regression, 

and then the preference of these 2 variables are gained. In this paper, data of insurance premium has 

been used to express the utility (6). The data is from the Statistical Yearbook in these countries. It is 

assumed that confusions of these countries after reforms have been calmed down and risks have 

become constant. It is possible to use the insurance premium as the indicator of utility by this 

assumption. 

 In the case of 2nd way, it has been possible to get a satisfied result for Poland, but has been 

impossible for Hungary. For Hungary, the 1st way has been adopted. The preference between GDP 

growth rate and GDP deflator in Hungary has been determined, from the regression, using data, with 

assuming these economies have been in Nash equilibrium. 

 It is assumed that the utility of the central bank corresponds to the utility of people (7). 

Also, it is assumed that confusions of these countries after reforms have been calmed down and risks 

have become constant. It is possible to use the insurance premium as the indicator of utility by this 

assumption (8). Because there are no insurance for inflation, GDP deflator is the variable which 

shows risk, with assuming that other risks for which insurances exist are constant.      

 

 

Log u = α*log GDP + β*log PGDP + γ 

(du/dt)/u = α*(dGDP/dt)/GDP + β*(dPGDP/dt) 

 

 If we assume as follows, 

log u = α*log {(GDP^γ)/PGDP} + C  

 Then, we have 

(du/dt)/u = α*{・γ*{ (dGDP/dt)/GDP } - { (dPGDP/dt)/PGDP }・} 

 We have the preference of GDP growth rate and the growth rate of GDP deflator, as 

follows. 
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 (dPGDP/dt)/PGDP =γ(dGDP/dt)/GDP  

 

Assumed γ = 6.22, 

(1)・Sample period from 1989 to 2005                                

(2)・Estimated equation 

log (1P1INSPVC) = -32.28 + 0.50124*log(1P1GDP^6.22/1P1PGDP) – 0.2598*D93 

                  (10.247) (13.36)                           (3.288) 

                 -0.1620*D95 – 0.1025*D98 + 0.08153*D01 

                  (1.937)     (1.353)      (1.085) 

DW: 1.551 

R2: 0.963 

 Above equation has been gained. 

Because γ=6.22 has been supported statistically, the preference between GDP growth rate 

and the growth rate of GDP deflator is 6.22. For Hungary, the preference between GDP growth rate 

and the growth rate of GDP deflator has been calculated as 1.22, as the result of regression, 

assuming this economy has been in the Nash equilibrium.   

At first, the growth rate of M2 in Hungary has been assumed to be 13%. Then, the growth 

rate of M2 in Poland has been assumed to be 5%, 8%, 10%, 12%, and 15%. In each case, the model 

has been solved from 2006 to 2010. As the result, when the growth rate of M2 in Poland is 5%, GDP 

growth rate becomes 1.02% on average from 2006 to 2010. Then, the growth rate of GDP deflator 

becomes 6.34% on average. The ratio of growth rate of GDP deflator and the GDP growth rate is 

6.22. For Poland, if the growth rate of M2 in Hungary is 13%, it is the optimum policy to make the 

growth rate of M2 5%. In similar manner, when the growth rate of M2 in Hungary is assumed to be 

20%, it is the optimum policy for Poland to make the growth rate of M2 3.15%. From this way, the 

reaction function of Poland is estimated as follows. 

 

 ( 1p1m2-(1p1m2(-1)) )/( 1p1m2(-1) )  

= (-0.261)*( 2h2m2-( 2h2m2(-1)) )/( 2h2m2(-1) ) + 8.36 

 

 In the next, the reaction function of Hungary has been gained as follows. 

 At first, the growth rate of M2 in Poland has been assumed to be 8.14%. Then, the growth 

rate of M2 has been assume to be 5%, 8.1%, 10%, 13%, 15%, 20%, 25%, and 30%. In each case, 

this model has been solved from 2006 to2010. As the result, when the growth rate of M2 in Hungary 

is 20%, GDP growth rate becomes 8.62% on average and the growth rate of GDP deflator becomes 

10.52% on average. Then the ratio of the growth rate of GDP deflator and GDP growth rate is 1.22. 

This is the optimal monetary policy for Hungary. Then, the growth rate of M2 in Poland has been 
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assumed to be 15%. Then, the growth rate of M2 in Hungary has been assume to be 5%, 8.1%, 10%, 

13%, 15%, 19.5%, 20%, 30%. In each case, this model has been solved from 2006 to2010. As the 

result, when the growth rate of M2 in Poland is 15%, the optimal growth rate of M2 in Hungary 

becomes 19.5%. By this way, the reaction function of Hungary is estimated as follows. 

 ( 2h2m2-(2h2m2(-1)) )/( 2h2m2(-1) )  

= (-0.073)*( 1p1m2-(1p1m2(-1)) )/( 1p1m2(-1) ) + 20.59 

If we solve these 2 equations (reaction functions) mentioned above simultaneously, we have a 

solution as follows. 

( 1p1m2-(1p1m2(-1)) )/( 1p1m2(-1) )＝3% 

( 2h2m2-(2h2m2(-1)) )/( 2h2m2(-1) )＝20% 

 

 Therefore, we have the Nash equilibrium when we assume the growth rate of M2 in 

Poland, 3% and in Hungary 20%. Under this premise the simulation has been conducted. The result 

is in the table 5. 

  

 When the money supply M2 in Hungary increases, GDP deflator increases through the 

equation of determination of GDP deflator. The interest rate decreases by the equation of 

determination of interest rate (Money demand function). According to this movement, the exchange 

rate decreases and the Hungarian real export in US dollars increases. By the decrease of exchange 

rate, the common export price of Poland and Hungary has a pressure to decrease. But the effect to 

this equation from the real GDP of US is large. Therefore the common export price has shown the 

large negative growth minus 16% in 2006, and then, shown around 5% continuously. The real export 

of Hungary in US dollars has decreased in 2006, but after that, has increased more than 10% 

continuously. The real export of Hungary in national currency has decreased 6% in 2006, but after 

that has increased more than 10% continuously. GDP deflator of Hungary has increased always 

around 10%. The exchange rate of Hungary has always depreciated more than 10%. GDP of 

Hungary has shown large growth driven by the export. It has recorded large growth rate, always 

around 10%, from 9.1% in 2006 to 10.5% in 2010.  

 On the other hand, the growth rate of M2 in Poland is 5% in every year. This is smaller 

than 20% in Hungary. Therefore, the result is much different compared with Hungary. According to 

the increase of M2, GDP deflator increases. The interest rate increases in 2006 and 2007. This is 

because the effect of GDP deflator to the interest rate is large. The exchange rate decreases in 2006 

and 2007. But, this decrease is smaller than the case in Hungary. The growth rate of real export of 

Poland in US dollars has a similarity. It is 0.04% in 2006 and 7.2% in 2007. It starts to decrease in 

2008. It is because the growths of Hungarian export in US dollars very large in the same export 

market. The real export of Poland in national currency decreases by 4% in 2006. Then, it increases 
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by 2.2% in 2007. But, from 2008 it decreases continuously. GDP deflator shows large increases in 

2006 and 2007. But, from 2008, it decreases by around 2% in every year. The exchange rate of 

Poland appreciates by around 2% every year from 2008. According to the sluggish export, GDP  

growth rate shows .small figures, minus 0.2% in 2006, minus 0.2% in 2007, and around 1% from 

2008. 

 

Table 5 Result of Dynamic Game Simulation of Poland and Hungary Model 

2005 2006 2007 2008 2009 2010
1P1M2 417696 430498 443693 457292 471308 485754
    (year % ch.) 12.2 3.1 3.1 3.1 3.1 3.1
1P1E 324356 311686 318675 309142 299762 291556
    (year % ch.) 9.01 -3.91 2.24 -2.99 -3.03 -2.74
1P1EDFLTR 1.12 1.17 1.34 1.44 1.5 1.56
    (year % ch.) -4 4.8 14.6 7.1 4.3 3.9
_1P1EDOLR 74444 74476 79837 79177 77781 76538
    (year % ch.) -2.82 0.04 7.2 -0.83 -1.76 -1.6
1P1EXR 4.67 5.67 5.82 5.72 5.59 5.48
    (year % ch.) 11.6 21.5 2.6 -1.8 -2.1 -2.1
1P1GDP 861964 860089 858092 866998 880832 895946
    (year % ch.) 3.29 -0.22 -0.23 1.04 1.6 1.72
1P1PGDP 1.14 1.41 1.53 1.51 1.48 1.44
    (year % ch.) 2.8 23.8 8.6 -0.9 -2.4 -2.3
1P1r 5.3 20 22.2 20.7 19.1 17.7
    (year % ch.) -11.7 277 11.3 -6.7 -8 -7.4
2H2M2 11005 13246 15943 19190 23099 27803
    (year % ch.) 13.3 20.4 20.4 20.4 20.4 20.4
2H2E 15312 14470 16333 18539 21063 23999
    (year % ch.) 10.1 -5.5 12.9 13.5 13.6 13.9
2H2EDFLTR 0.95 1.5 1.79 2.15 2.6 3.17
    (year % ch.) -0.7 59.2 18.8 20.4 20.8 21.8
_2H2EDOLR 53235 48672 54022 60407 67783 76420
    (year % ch.) 20.9 -8.6 11 11.8 12.2 12.7
2H2EXR 264.6 517.7 586.8 672.7 782.4 918.4
    (year % ch.) 0.4 95.6 13.4 14.6 16.3 17.4
2H2GDP 16283 17758 18938 20486 22409 24753
    (year % ch.) 4.6 9.1 6.6 8.2 9.4 10.5
2H2PGDP 1.34 1.54 1.72 1.9 2.07 2.23
    (year % ch.) 2.5 14.9 12.1 10.2 8.8 7.6
2H2r 8.5 7.81 6.84 5.76 4.73 3.78
    (year % ch.) -33.6 -8.1 -12.4 -15.8 -17.9 -20
EDFLTRDOLPH 1.03 0.86 0.92 0.98 1.03 1.08
    (year % ch.) -10 -15.9 6.5 6.7 5.2 4.9
EDOLPHR 127679 123147 133858 139582 145564 152958
    (year % ch.) 5.85 -3.55 8.7 4.28 4.29 5.08  
by author 
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Conclusion 
 It is possible to find trends recently in Poland and Hungary, as follows. At first, central 

banks increase the money supply, M2, and exchange rates depreciate. According to depreciations, 

exports increase and GDP growth rates are accelerated. Especially, in Hungary this trend is strong. It 

is assumed that exports from these countries are competing in EU market and export goods are 

perfect substitutes. One central bank of these countries determines the optimal money supply, M2, 

given the money supply, M2 of another central bank. However, we have 1 problem which is how to 

make a relationship between GDP growth rate and the growth rate of price which is shown by GDP 

deflator. One way is to obtain the preference between GDP growth rate and the growth rate of GDP 

deflator from the regression, using data, with assuming these economies have been in Nash 

equilibrium. Another way is as follows. The indicator which shows utility is explained by GDP 

growth rate and the growth rate of GDP deflator by regression, and then the preference of these 2 

variables are gained.  

 Under this premise, macro econometric models for Poland and Hungary have been built. 

Then, the optimal money supply, M2 of one country, when another country increases the money 

supply, M2 has been gained, with solving models. Reaction functions for these countries have been 

obtained, repeating this process. By solving 2 reaction functions, growth rates of M2 under the Nash 

equilibrium have been acquired.  

 Simulation has been conducted from 2006 to 2010. In the case of Hungary, the increase of 

GDP deflator, the decrease of interest rate, and the depreciation of exchange rate have been observed 

clearly. As the result, the export in US dollars and in national currency has increased largely. Then, 

GDP has increased by around 10% continuously. In the case of Poland, because the growth rate of 

M2 has been rather small, the interest rate has not decreased so much. Then, the response of 

exchange has been small, also. The increase of Polish export in US dollars and in national currency 

has become small. GDP growth rate shows figures of around 1% after small negative values.   
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(1) Trefler, Daniel (1993), Trefler, Daniel(1995) 

(2) Export prices in US Dollars for Poland and Hungary were calculated, then the integrated 

export price was obtained, using weighted averages by export shares. 

(3) Trefler, Daniel (1993), Trefler, Daniel(1995) 

(4) Money Demand Function 

LOG(2H2M2/2H2PGDP) = 0.1097 – 0.0858*LOG(2H2R) + 0.9328*LOG(2H”GDP) 

          (0.0462)  (1.224)            (4.025) 

 

- 0.1065*D89 + 0.1447*D92 – 0.1021*D97 

 (1.991)      (2.612)      (1.9132) 

       DW: 1.544 

       R2: 0.918 

 was estimated at first, then, was transformed to the definition of interest rate.  

(5) If Zloty depreciate in Poland, the supply function shifts to right. Then, the common export 

price decreases and the equilibrium point moves.  

(6) In the case of Poland, the insurance can be divided to the compulsory and the voluntary. In 

this paper, the insurance premium is the sum of them. In the case of Hungary can not be 

divided. In the case of Poland, the ratio of premium to GDP is higher compared with 

Hungary. I may be possible to say that Polish is more risk averter compared with 

Hungarian. This is accordance with the intuition. 

(7) It is said that this depends on the taste of president of central bank. 

(8) Poland Statistical Yearbook, Hungary Statistical Yearbook   

 

 

References 

 

Armington, Paul S. (1969) “A Theory of Demand for Products Distinguished by Place of 
Production,” International Monetary Fund Staff Papers, March 1969, 16(I), pp. 159-78. 

Bowen, Harry P., Leamer, Edward E. and Sveikaukas, Leo (1987) “Multicountry, Multifactor Tests 
of the Factor Abundance Theory,” American Economic Review, December, 77(5), 
pp.791-809. 

Brecher, Richard A. and Choudri, Ehsan U. (1988) “The factor Content of Consumption in Canada 
and the United States: A Two Country Test of the Heckscher-Ohlin-vanek Model,” in Robert 
C. Feenstra, ed., Empirical Methods for International Trade. Cambridge, MA: MIT Press, 
pp.5-17. 

European Bank for  Reconstruction and Development (EBRD) (1998) Transit ion 
Report  Update .  



 35

Heckscher, Eli F. (1950) “The Effect of Foreign Trade on the Distribution of Income” [in Swedish]. 
Ekonomisk Tidskrift, 1919, 21(2), pp. 1-32; reprinted in Readings in The Theory of 
International Trade. Homewood, IL: Irwin, 1950, pp. 272-300. 

Hungarian Central Statistical Office (HCSO) (1990-2005) Hungary Statistical Yearbook. 

Leamer, Edward E. (1980) “The Leontief Paradox, Reconsidered,” Journal of Political Economy, 
June 1980, 88(3), pp.495-503. 

Leamer, Edward E. (1988) “Cross Section Estimation of the Effects Trade Barriers,” in Robert C. 
Feenstra, ed., Empirical Methods for International Trade. Cambridge, MA: MIT Press, pp. 
51-82. 

Leontief, Wassily W. (1953) “Domestic Production and Foreign Trade: The American Capital 
Position Re-Examined.”, Proceedings of the American Philosophical Society, September 
1953, 97(4), pp. 332-49. 

Maskus, Keith E. (1985) “ A Test of the Heckscher-Ohlin-vanek Theorem: The Leontief 
Commonplace.”, Journal of International Economics, November 1985, 19(3/4), pp.201-12. 

OECD(2006) Economic Surveys Poland ,  Paris .  

OECD(2007) Economic Surveys Hungary ,  Paris.  

Ohlin, Bertil G (1933) Interregional and International Trade, Cambridge, MA: Harvard University 
Press. 

Poland Central Statistical Office (1990-2005) Poland Statistical Yearbook. 

Straiger, Robert W. (1988) “A Specification test of the Heckscher-Ohlin Theory,” Journal of 
International Economics, August 1988, 25(1/2), pp. 129-41. 

Stern, Robert M. and Maskus, Keith E. (1981) “Determinants of the Structure of U.S. Foreign Trade, 
1958-76,” Journal of International Economics, May 1981, II(2), pp. 207-24. 

Trefler, Daniel (1993) “International Factor Price Differences: Leontief was Right!” Journal of 
Political Economy, December 1993, 101(6), pp.961-87. 

Trefler, Daniel (1995) “The Case of the Missing trade and Other Mysteries,” American Econmic 
Review. December 1995, pp. 1029-1046. 

Vanek, Jaroslav (1968) “The Factor Proportions Theory: The N-Factor Case,” Kyklos, October 1968, 
21(4), pp. 749-56. 

Krugman, Paul R. (1994) Rethinking International Trade. Cambridge : MIT Press. 
Ikeda Nobuo, (2005), The Architecture of Information Technology and Institutes. Tokyo: NTT 

 Publications. (Written in Japanese) 

Izumiya Wataru, Editorial Office of the Newspaper of Semi-conductor, (2005), The Newest Trend 

 of Semi-Conductor. Tokyo: Kanki Publications. (Written in Japanese) 

Izumiya Wataru, Editorial Office of the Newspaper of Semi-conductor, (2005), The Trend of FPD. 

Tokyo: Kanki Publications. (Written in Japanese) 

JETRO, Budapest Office , (2002) The Trend of R&D in Hungary 

Yokoyama Hisahi, Ohno Kouichi, Itoga Shigeru, and Imaoka Hideki. “The measurement of factor 

Endowments in East and South-East Asian Countries, using Leontief and Leamer Index” 



 36

Ajia Keizai, 1987, 27(10), Institute of Developing Economies. (Written in Japanese) 

 


	吉野DPタイトルページ.pdf
	吉野Financial Policies and Dynamic Game Simulation in Poland and Hungary.pdf
	3. バックナンバーのリスト（製本用）.pdf



