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ABSTRACT 

A number of Central European transition economies began transition 
from centrally-planned to market economies with sizeable budget 

deficits. Financing of the fiscal deficit was complicated by the initial 

inability of their underdeveloped tax systems to collect enough tax 

revenue, the fledgling state of financial markets in these countries that 
limited the sale of government securities and the general lack of 
international creditworthiness which prevented large-scale foreign 

borrowing. 

Consequently, it would appear that many transition countries had little 

alternative but to substantially monetise their deficits at the beginning of 
transition. As transition economies stabilised and become more 
integrated into the web of market economies, especially by the growing 

prospect of EU accession, one would expect transition economies to have 

experienced a switch in fiscal financing to more conventional methods 

used in advanced market economies. Therefore, one would expect the 

seigniorage effect to attenuate in the latter part of transition. 

This thesis examines this proposition by characterising the behaviour of 
five Central European transition economies, most likely to accede to the 

EU in the first round of accession, by means of the unifying framework 

of monetary feedback rules, specifically, Taylor rules. 

The estimated results show that monetary policy in the Czech Republic 

(from 1993) and in Estonia could be described by forward-looking 

inflation targeting. The other three countries experienced regime 

switches. 

The results for Hungary show that the seigniorage effect was important 

in the first half of the estimation period and then attenuated in the 

second half. Inflationary stabilisation was targeted by mimicking the 

Bundesbank's setting of its short-term policy instrument. 

Poland and Slovenia also experienced regime switches. For these 

countries, the first sub-period could not be characterised by inflation or 

output stabilisation. By contrast, during the latter half of the sample 

period, authorities pursued stabilisation with vigour. In Poland, this took 

the form of classic inflation and output stabilisation and the implicit 
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interest rate smoothing. In Slovenia, it took the form of inflationary 

stabilisation, interest rate smoothing and guidance from the 

Bundesbank's setting of its short-term policy instrument. 



I. INTRODUCTION AND SUMMARY 
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1. INTRODUCTION 

At the outset of transition from plan to market, governments face 

important macroeconomic imbalances that need to be corrected. 

Macroeconomic stabilisation - defined as price stability, external balance 

and a sensible rate of growth - has been a major ingredient of the 

transition process. 

It is not an easy task to delineate the precise boundaries of stabilisation 

policies during transition because they interact closely with liberalisation 

policies, with institutional adjustments and with structural reforms. In 

addition, governments pursuing macroeconomic stabilisation also faced 

transition-specific factors that constrained or detracted from their 

stabilisation pursuits. The present thesis analyses monetary 

stabilisation policy in transition economies. An integral part of this 

analysis is the focus on the rampant fiscal deficits and transition 

economies' idiosyncratic difficulties in their financing which cannot be 

ignored when analysing monetary stabilisation. 

One of the main problems facing a number of Central European 

transition economies countries was that they faced sizeable budget 

deficits at the outset of transition. Financing of the fiscal deficit was 

complicated by the initial inability of their underdeveloped tax systems 

to collect enough tax revenue, the fledgling state of financial markets in 

these countries that limited the sale of government securities and the 

general lack of international creditworthiness which prevented large- 

scale foreign borrowing. 

Consequently, it would appear that many transition countries had little 

alternative but to substantially monetise their deficits at the beginning of 

transition. This appears to have had a profound impact on the 

implementation of monetary stabilisation policy. As transition economies 

become more integrated into the web of market economies, especially by 

the growing prospect of EU accession, one would expect transition 

economies to have experienced a switch in fiscal financing to more 

conventional methods used in advanced market economies. Therefore, 

one would expect the seigniorage effect to attenuate in the latter part of 
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transition and monetary policy to be re-focussed towards its traditional 

aim of price stabilisation. 

This thesis examines this proposition by characterising the behaviour of 
five Central European transition economies, most likely to accede to the 

EU in the first round of accession, by means of the unifying framework 

of monetary feedback rules, specifically, Taylor rules. The estimated 

results lend overall support to this central hypothesis. 

The thesis is divided into five chapters. Chapter I begins by describing 

macroeconomic stabilisation in the five transition countries under study. 
It then goes on to provides a summary of all the issues covered in the 

thesis Chapter II estimates the Taylor Rule for the five transition 

economies and deals with econometric issues pertinent to this 

estimation. Chapter III introduces a range of different concepts of 

seigniorage and quantifies seigniorage for three transition countries. It 

compares the results obtained from the different measures of 

seigniorage. Chapter IV develops an equilibrium-correction model to 

estimate a form of Taylor Rule in three transition economies. This type of 

model addresses the previous finding of non-stationary in the relevant 

economic time-series. It also augments the Taylor Rule with seigniorage. 

Finally, Chapter V concludes. 

The remainder of the current chapter reviews the salient features of 

transition focussing on aggregate trends characterising the 

macroeconomic phases of transition in five Central European countries, 

the Czech Republic, Estonia, Hungary, Poland and Slovenia. We refer to 

this group as the TE5. 

The choice of countries is motivated by the fact that these are the five 

transition countries most likely to accede to the EU within the first 

round of enlargement towards the East. In addition, this sample of 

countries offers a huge variety of different experiences due to the 

different regimes adopted. For example, the sample encompasses fixed 

and floating exchange rate regimes as well as a currency board. 

Moreover, the sample (and timing) includes both transition beginning 

with hyperinflation and with moderate inflation; big bang and more 

gradualist approaches to stabilisation; large and moderate external debt 

burdens at the outset of transition; economies plagued by fiscal deficits 
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and those with a better fiscal position. As will become clear, this sample 

offers a very rich variety of experiences from which to draw valuable 

policy lessons. 
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2. MACROECONOMIC STABILISATION IN 
TRANSITION 

This section describes the patterns and salient features of transition in 

the five countries under study, namely, the Czech Republic, Estonia, 

Hungary, Poland and Slovenia. We focus on both the macroeconomic 

environment and describe the typical transition phases. 

Economic transition from central planning to market orientation can be 

viewed as successive phases of change. Macroeconomic stabilisation has 

been an integral part of the transition process. Successful stabilisation is 

taken to mean the achievement and maintenance of a reasonable degree 

of price stability2 and external balance, as well as a sensible rate of 

growth. The reason for this is that, at the outset of transition, 

governments in Central Europe were faced with important 

macroeconomic imbalances (with inflation and output collapse the 

primary manifestation) that needed to be corrected. An important 

question that springs from this context is how to gear monetary policy to 

this changing pattern of requirements, as an economy shifts through the 

different phases. 

In practice, there appears to be a common pattern for transition in 

countries that have stabilised successfully. According to Easterly (1996), 

transition countries that stabilised successfully initially experienced 

output falls and budget deficits that were reflected in money growth and 

inflation. Subsequently, stabilisation was attained and output growth 

resumed (Bruno, 1993). In the case of those Central European countries 

that are widely expected to accede to the European Union in the first 

round, stabilisation has gone hand-in-hand with policies geared towards 

EU accession. 

2.1 Transition Phase One 

The initial phase of transition is characterised by economic 

liberalisation, falling output, monetary overhang and deficit 

monetisation, both of which helped to fuel inflation, and by negative real 

2 Specifically. following common practice. we take the reduction of annual inflation below forty 

per cent to be the attainment of price "stabWsation". 
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interest rates. During this phase, a government's financial position is 

typically strained. On the revenue side, declines in output and, hence, a 
falling tax base, and a reduction in tariff revenue owing to the decline in 

trade caused by the collapse of the Council for Mutual Economic 

Assistance (CMEA) had to be accommodated. On the expenditure side, 
increases in welfare expenditure due to the non-trivial burden of 

restructuring the economy and often due to the increasing cost of 

servicing the external debt due to exchange rate devaluation imposed 
large costs. 

A major and well-documented feature of transition was the sharp fall in 

output. Figure 1 reports the dramatic fall in output in the five countries, 

resulting in a reduction of the conventional tax base3. During the first 

couple of years of transition, real output declined by around 20 per cent. 
For example, in Poland, during 1990, GDP decreased by 11.6 per cent 

and contracted a further 7.6 per cent in the subsequent year. In Estonia, 

the cumulative fall in Estonian GDP from 1991 to 1994 was about 35 

per cent. 

A number of reasons have been put forward to provide an explanation 
for the output decline. For example, Mundell (1997) highlights the role of 

imperfect national statistics that did not take into account the rapid 

growth of the private sector. Moreover, the elimination of soft budget 

constraints that, combined with strict monetary policies, resulted in high 

real interest rates and strict credit restrictions had a further dampening 

effect on output. However, the overriding factor in output decline is 

believed to have been the collapse of the CMEA and the resulting effect of 
the foreign trade multiplier on both aggregate demand and aggregate 

supply4. 

Mundell found output decline to have been larger the higher was the 

level of industrialisation, the lower was the stock of human capital, the 

3 We use different monthly industrial production data as a proxy for output. 
4 See Bruno (1993). p. 10, and Mundell (1997). 
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more open was the economy and, finally, the more urbanised was the 

economy. 

Figure 1: The path of output in the TE5 

C 
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Another transition feature involves economic liberalisation. Most 

transition countries were subject to a highly controlled and distorted 

internal pricing system well into the 1980s. Prices did not convey any 

information about internal imbalances in the period before 1989-91, 

with the possible exception of Poland. Price liberalisation experienced a 

similar pattern across countries. It had elements of a supply shock and 

led to stagflation. Poland was the first to liberalise in 1989, followed by 
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Czechoslovakia in 1990-91. Due to more favourable initial conditions of 

macroeconomic imbalance, typified by the extent of monetary overhang 

and external debt prior to stabilisation, Czechoslovakia experienced a 

much smaller price shock. 

Economic liberalisation had important implications for both price 

inflation and output growth. According to de Melo et al. (1997) who 

conducted a large cross-sectional study of economic liberalisation during 

transition, liberalisation seems to induce an initial increase in inflation, 

but this is followed by a prompt and sustained decline. Its effect on 

output growth was found to be positive. However, there is a marked 

negative relationship between inflation and output, suggesting that 

output recovery requires moderate inflation. 

The relationship between liberalisation and inflation is determined 

mainly by monetary overhang. This is a well-documented phenomenon 

typical of formerly centrally planned economies and refers to a situation 

whereby private agents are forced to save more than they desire to save. 

Monetary overhang arises from a number of sources, such as price and 

quantity controls, the unavailability of desired goods and imperfect 

capital markets, all features of central planning. These caused pent-up 

demand. Once price liberalisation was introduced at the beginning of 

transition, this excess demand became effective demand, causing a jump 

in the price level. 

Figure 2 shows the initial period of high inflation followed by price 

stabilisation. The figure is split into two panels due to the varying scales 

for the different countries. 
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Figure 2: The rise and fall of inflation in the TE5,1989-94 
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Probably the most serious constraint on the road to stabilisation has 

been the fiscal pressures faced by transition economies. The more 

rapidly the economy is liberalised and reformed, the less binding this 

constraint becomes. There is evidence that rapid reformers have 

experienced smaller fiscal deficits. 

Notwithstanding the substantial depreciation of the real exchange rate 

and the problem of monetary overhang during the early stages of 
transition that exacerbated inflationary pressures, the main spur to 

price inflation appears to have originated from quasi-fiscal deficits and 
the associated monetary expansion. It was not until stabilisation was 

achieved that these were eliminated. 

In the TE5, conventional fiscal deficits were, on the whole, moderate. 
Fiscal revenues and expenditures were maintained. However, the 

numbers mask an important consideration, especially in transition 

economies, namely the quasi-fiscal deficit. The quasi-fiscal deficit arises 
from extra-budgetary revenues and expenditures of government 

institutions, including the central bank, state-owned financial 

institutions and state-owned non-financial enterprises. 

Precise quantification of the quasi-fiscal deficit is difficult to come by. 

However, some estimates for transition countries exist, for example, 
Buster (1996), Budina & van Wijnbergen (1997) and de Melo et al. (1997). 

In the absence of debt markets in most transition countries, Budina & 

van Wijnbergen (1997) maintain that fiscal deficits were a direct input 

into the money-creation process that has fuelled inflation. The authors 
find that during the late 1980s and beginning of the 1990s, fiscal deficits 

were, to a large extent, financed by direct central bank credit to the 

government at below-market interest rates, which fuelled inflation. 

These results are echoed by de Melo et al. (1997) who calculate an 
important component of the quasi-fiscal deficit, namely the implicit 

subsidies to the banking sectors for four of our five countries5. What is 

clear from their analysis is that the quasi-fiscal deficits were substantial 

This subsidy is calculated as the difference between the central bank discount rate and the 
inflation rate, applied to gross monthly (or quarterly) central bank credit outstanding to 
the non-public sector. 
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at the beginning of reform and only subsided once stabilisation was more 

or less achieved and rapid structural change had taken effect. 

Negative real interest rates were symptomatic of another big constraint 
impeding transition countries' stabilisation efforts. The 

underdevelopment of monetary institutions and instruments at the 

beginning of transition greatly limited the ability of monetary policy to 

play a central role in the stabilisation process. 

As shown in Figure 3, real interest rates were negative throughout much 

of the initial period of transition. This was caused by the combination of 

high inflation coupled with low nominal interest rates. 

Figure 3: Real interest rates in TE5 
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Interest rates were kept artificially negative due to financial repressions. 
This entailed price and quantity restrictions that affected domestic 

financial markets, such as nominal interest rate ceilings. Financial 

repression also involved the extensive use of reserve requirements7. 

From a public finance perspective, the phenomenon of negative interest 

rates tends to generate a high demand for real balances, implying a low 

velocity of circulation of money and, hence, a large inflation tax base. 

Secondly, negative real interest rates can help to curtail the budgetary 

gap by reducing real government debt. 

2.2 Transition Phase Two 

During the second phase of transition, initial stabilisation of both prices 

and output have occurred, although real interest rates continue to be 

negative. 

While it is difficult to determine the exact timing of the different phases 

of transition, Figure 1 showed that Poland was the first country to start 

recovering at the beginning of 1992. In this year, GDP increased by 2.6 

per cent and then by 3.8 and 4.3 per cent in the subsequent two years. 

The Czech Republic's share of the Czechoslovakian output drop had also 

been stemmed by the beginning of 1992. Similarly, Hungary began its 

output recovery phase in the first quarter of 1992. Estonia followed in 

mid-1993. Slovenia's first recovery took place at the beginning of 1993 

and lasted for about two years until the beginning of 1995, before 

declining again until the beginning of 1997 and then catching up again. 

During Phase Two, the TE5 countries began to orient themselves 

strongly towards European economic integration. A decade of 

rapprochement between Eastern Europe and Brussels began with the 

June 1988 joint declaration of the European Community and the 

Council of Mutual Economic Assistance and culminated in mid-July 

1997 with an invitation to the TE5, extended by the European 

Commission, to begin talks over European Union membership. 

6 See Giovannini & de Melo (1993) who discuss financial repression at length. 

7 Financial institutions were also forced to hold larger volumes of excess reserves due. in part. 
to high spreads and bad loans. 
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The PHARE programme of technical assistance was established, initially 

for Poland and Hungary. In January 1990, Hungary and Poland were 

granted preferential tariff treatment under the Generalised System of 

Preferences. GSP status was extended to Czechoslovakia a year later. In 

late 1990, the EC began association talks with these three countries. 

Eventually, ten transition countries bilaterally negotiated Association or 

Europe Agreements with the European Union (EU). 

Under the terms of the bilaterally negotiated Association (or Europe) 

Agreements with the European Union, the TE5 are committed to an 

eventual evolution toward greater harmonisation of monetary and 

financial policies with the ultimate aim of achieving currency union. This 

process is guided (but not dictated) by the Treaty of the European Union 

(TEU), which spells out the five basic convergence criteria for monetary 

union, namely, fiscal deficits, public debt, price stability, interest rates 

and exchange rate stability. 

The convergence criteria for EU accession are guided by the following 

well-known proscriptions relating to: 

Fiscal deficits: The ratio of the planned or actual general government 

deficit - including the deficit of the central government, regional or local 

government, and social security funds - to GDP at market prices is set at 

three per cent. 

Public debt: The ratio of the total nominal value of gross consolidated 

debt outstanding at the end of the year to GDP at market prices is set at 

60 per cent. 

Price stability: The average rate of annual consumer price inflation must 

be sustainable and may not exceed by more than 1.5 percentage points 

the average rate of the three best performing member states in terms of 

price stability in the year prior to consideration of entry. 

Interest rates: The average nominal long-term interest rate, as measured 

by rates on long-term government bonds or comparable securities, may 

not exceed by more than two percentage points the average of the three 

best performing member states in terms of price stability in the year 

prior to consideration of entry. 
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Exchange rate stability: The Exchange Rate Mechanism's margins of 

fluctuation must be observed without severe tensions for at least two 

years prior to consideration of entry. The currency's central rate may not 

be devalued against any other member state's currency on its own 

initiative during this period. 

Table 1 compares the performance of the TE5 in terms of these five 

criteria: 

Table 1: TE5 assessed in terms of EU convergence criteria 

Public sector Public debt Inflation Currency Interest rates 
deficit (% (% GDP, (1996) stability (% (%) 

GDP) 1996)(1) movement) 
Year. 1996 1999 1996 1999 1996 1999 Jun 96 - Jul 1997 

Jun 97 
CZ 0.1 4.9 37.1 46.4 8.8 2.5 -16.9 11.7 
EO 1.6 0.7 9.7 6.0 23.1 3.5 -14.1(41 7.1 
HN -2.0 3.8 63.5 60.6 19.8 10.0 -22.0 19.6 
PO 2.5 2.5 33.0 45.3 19.9 7.1 -12.2 22.0 
SJ 0.1 0.7 24.2 37.0 9.1 6.0 -7.6 21.6 

EU averse 4.5 73 .8 
2.6 -14.9 7.5181 

Convergence 3.0 60.0 2.9(61 ±15(7) 8.9(51 
criteria 
NOTES: (1) External debt for East European countries. (2) Rates are against the dollar, 

except for Maastricht criterion, which reflects currencies' latitude within the EMS. (3) 12- 

month T-bills or nearest maturity. (4) The kroon is pegged to the DM. (5) Ten-year 
government bond or nearest maturity. (6) Current level: a country's Inflation rate may not 

exceed that of the three best performing member states by more than two percentage points. 
(7) Currencies must remain within ERM bands for two years prior to EMU entry. 

Source: EIU (1997). Eastern Europe at a glance. Elu: Lonaon, -aare A.; 3 ans 
Economist (1999) of 6th Nov 

Table 1 shows that most criteria are more or less in line with the EU 

averages. The notable exception is price stability. The TEU foresees that 

a country's inflation rate may not exceed that of the three best 

performing member states by more than two percentage points. 

According to EIU (1997), the Maastricht criterion was 2.9, which was far 

off the 1997 inflation rates of the TE5, namely, 8.8 in the Czech 

Republic, 23.1 in Estonia, 19.8 in Hungary, 19.9 in Poland and 9.1 in 

Slovenia. 

The analysis so far concerning the two transition phases and their major 

characteristics has been largely descriptive. It appears that the main 

obstacle to stabilisation were the fiscal problems encountered by a 

number of Central European transition economies countries. Many 
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transition countries had little alternative but to use monetary policy to 

substantially monetise their deficits at the beginning of transition. Initial 

stabilisation was largely implemented by via the exchange rate. As 

transition economies stabilised and become more EU oriented, one 

would expect transition economies to have experienced a switch in policy 

instruments. Specifically, instead of using monetary policy for fiscal 

aims, fiscal financing now moves to more conventional tax methods used 

in advanced market economies, while monetary policy targets price 

stabilisation. The exchange rate can then be freed. Therefore, one would 

expect the seigniorage effect to attenuate in the latter part of transition. 

This thesis examines this proposition more rigorously by characterising 

the behaviour of five Central European transition economies, most likely 

to accede to the EU in the first round of accession, by means of the 

unifying framework of monetary feedback rules, specifically, Taylor rules. 

The remainder of the present chapter describes the content of the core 

chapters of this thesis in more depth. Broadly, we cover the standard 

forward-looking Taylor Rule to describe monetary policy. Next, we look at 

the concepts of seigniorage and quantify these for the three countries in 

our sample, for which we believe it was most relevant. Finally, we 

develop a model that augments our original model by seigniorage and 

incorporates other important modelling aspects. 
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3. THE BASIC MODEL - TAYLOR RULES FOR THE 
TE5? 

We begin by estimating a standard Taylor Rule in Chapter II. This 

enables us to assess whether or not this reactive rule provides a good 

description of monetary policy in the TE5 during transition. Such a rule 

provides information on whether central banks in the TE5 target price 

stability and, if so, to what degree. 

Past research on simple monetary policy feedback rules has analysed 

central banks' behaviour based on the notion that central banks conduct 

monetary policy as if they were following simple feedback rules that 

incorporate a Phillips-curve trade-off. 

The Taylor Rule is part of the family of simple feedback rules or policy 

reaction functions that relate the central bank's instrument to a variety 

of independent "gap" variables, usually, deviations of actual variables 

from their desired levels. In order to attenuate the business cycle, these 

rules prescribe that monetary policy "lean against the wind" - tightening 

when inflation is high and easing when economic activity is low or 

falling. In other words, monetary authorities are assumed to target both 

price level and output stabilisation over the business cycle. 

When designing a feedback rule, it is necessary to choose an appropriate 

operating target and a preferred policy instrument. Instruments are used 

to achieve their ultimate aims, over which policymakers have minimal 

direct control, e. g. economic growth. To put this into practice, so-called 

operating targets are adopted as a short-run operating guide for 

monetary policy. These are usually observable variables that policy 

makers have partial control over. Operating targets can take various 

forms, such as exchange rate pegs, price level or inflation targets, 

nominal income targets or, as in the Taylor Rule, a combination of these 

latter two. Their relative merits are discussed. The adoption of an 

operating target defines the path of the policy instrument in order to 

attain the ultimate target. Hence, the operating target determines the 

setting of the instrument. 
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While the Taylor Rule defines the central bank's policy instrument as the 

short-run interest rate, any variable over which policymakers can exert 

significantly precise control over in the short run qualifies as a policy 
instrument. We review some of the arguments in favour of and against 
the alternative of using a monetary (or bank reserve) aggregate to 

perform the same instrument function, which forms the basis of the 

McCallum Rule for monetary policy. 

The advantage of a rule is that it can provide a useful starting point for 

policy discussion. Simple rules are transparent as they explicitly relate 
the policy instrument to current economic conditions and also have 

advantages of credibility and ability to monitor. However, they may be 

too restrictive to provide a full picture of monetary policy conduct. 
Hence, no central bank would admit to blindly following such a rule. 
From a positive methodological perspective, however, it appears that the 

rule mimics central banks' actual behaviour with considerable accuracy 

over a variety of countries. Some of the evidence is reviewed. 

If the Taylor Rule is an adequate description of behaviour, it can be 

used, in a normative or prescriptive sense, to guide policymakers about 
the optimal setting for monetary conditions. In the highly uncertain 

policy and economic environment that characterises transition 

economies, . an understanding of the central banks' reaction functions 

would be of value to guide short-run policy decisions toward those 

consistent with the long-run goal of price stability. Equally, it would 

enhance the decisions of financial market participants to know how 

future inflation and output is weighted in the TE5. This normative 

approach to establish optimal monetary policy benchmarks for operating 
targets presupposes that the model is robust with regard to structural 

changes. In addition, however, it requires agreement about the 

appropriate specification for any model which appears to be notably 

absent. 

Using the positive methodology in Clarida & Gertler (1998) and Clarida 

et al. (1997), we estimate a forward-looking version of the Taylor Rule for 

the TE5 during transition. The baseline hypothesis defines a central 
bank that adjusts the nominal short-term interest rate in response to the 
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gaps between expected inflation and output from their respective target 

and trend values. 

An important underlying assumption of the model is that all the 

variables in the estimated equation are stationary series. In addition, the 

estimation must be balanced in an econometric sense in that the right- 

and left hand sides must be integrated of the same order, namely 1(0). If 

this were not so, the regression would be liable to spurious results, a 

well-documented phenomenon that invalidates the ordinary least 

squares methodology. It is therefore of the essence to test the dependent 

and independent variables for stationarity. The results show that a 

variety of interest rates, the year-on-year inflation rate and the output 

gap are non-stationary series, while the month-on-month inflation rates 

turn out to be 1(0). 

We perform estimations, using stationary measures of interest rates and 

the inflation rate, for the TE5. Since output is found to be an I(1) series, 

instead of de-trending it, we assume a stochastic trend. Our estimation 

sample periods vary across countries and have been chosen to reflect the 

beginning of reforms. The starting dates were 93M I. for the Czech 

Republic (when it became independent), 92M6 for Estonia, 90M3 for 

Hungary, 90M I, for Poland and 92M1 for Slovenia. 

Results indicate that only the Czech and Estonian central bank 

behaviour can be represented by a Taylor Rule although the coefficients 

on the output gaps are not statistically significant in either case. A 

number of explanations can be offered for these results. In the case of 

the Czech Republic, they had largely stabilised by 93M 1, when they 

separated from the Slovak Republic, since Czechoslovakia began its 

reforms at the beginning of the 1990s. Therefore, according to the 

instruments switching hypothesis this thesis seeks to examine, one 

would expect the Czech Republic to have already switched to the second 

phase by 93M1 and it was therefore pursuing price stabilisation via 

monetary policy as confirmed by the results. 

In the case of Estonia, the reforms coincided with the introduction of a 

currency board to stem the huge price inflation the country was 

experiencing. This form of radical stabilisation took effect almost 

immediately. In June 1992. Estonia left the rouble zone and established 



19 

a new currency, the kroon, regulated through a currency board. This 

effectively freed the central bank from inflationary money printing to 

cover the budget deficit. As a result, one observes a good statistical fit for 

the estimated Taylor Rule. 

The results also clearly demonstrate that monetary policy in the other 

three countries (TE3) could not be adequately characterised by a Taylor 

Rule, at least, not across the entire sample periods under study. This led 

us to ask whether other considerations such as seigniorage, may have 

played a role in "monetary" policymaking in the TE3. 
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4. SEIGNIORAGE IN TRANSITION ECONOMIES 

We begin by reviewing the meaning of seigniorage. In a market economy, 

the government has a number of options it can resort to for financing its 

fiscal deficit. These include external borrowing, government debt issue or 

monetisation. 

Sargent & Wallace (1981) showed that if a government follows a path of 

unsustainable fiscal deficits, it would eventually be forced to monetise 

the deficit. Fischer (1982), who states, 

It might be argued that the right to print money is peculiarly important In 
providing a government with a ready source of finance in an emergency [p. 2971 

stresses this point. Empirically, it is well established that many 

governments, particularly those in less-advanced market economies, 

collect substantial revenues from seigniorage, the tax on money 

holdings. 

In the transition context, there are a number of strong a priori reasons 

why monetisation may have been important in the context of transition 

economies. Certain factors, idiosyncratic to transition economies, could 

reasonably be expected to have had the effect of limiting access to 

certain sources of financing. In particular, arguably, external borrowing 

or the sale of domestic securities to the private sector could not be used 

extensively, thereby forcing governments to monetise their deficits 

instead. 

The lack of a sophisticated money market also meant that the sale of 

domestic securities could not be relied upon to fund the primary deficit. 

Moreover, real interest rates were negative throughout much of the 

initial period of transition, caused by the combination of high inflation 

coupled with low nominal interest rates. Interest rates were also kept 

artificially negative due to financial repression. This entailed price and 

quantity restrictions that affected domestic financial markets, such as 

nominal interest rate ceilings. Financial repression is often used in 

conjunction with a seigniorage policy. 

From a public finance perspective, the phenomenon of negative interest 

rates tends to generate a high demand for real balances, implying a low 
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velocity of circulation of money and, hence, a large inflation tax base. 

This may have made monetisation more attractive an option. 

Dornbusch (1989) argues that negative short term real interest rates 

could be interpreted as an emergency measure where the government 

sacrifices its reputation as a means of financing an unusually large 

shock by reneging on its liability. In the presence of long-term debt with 
fixed interest rates, inflation is a powerful instrument to reduce the real 

value of existing claims through the inflation tax. 

Chapter III is aimed at quantifying seigniorage - the governmental 

revenue arising from the creation of base money - in three transition 

economies, namely, Hungary, Poland and Slovenia. 

Initially, this chapter reviews various definitions of seigniorage for our 

modelling purposes from among the various concepts of seigniorage that 
have been put forward in the literature. This chapter covers key 

theoretical approaches to seigniorage: the inflation tax, the total 

monetisation and opportunity cost concepts and the consolidated 

approach. To some extent. these different approaches reflect a 

chronological order as additional features of the economy were taken 

into account to broaden the concept of seigniorage. 

However, differences have also arisen as a result of different frameworks 

within which seigniorage was viewed. Common to these main approaches 
is the backward-looking nature of expectations. 

From the mid-1970s, however, the rational expectations (RE) revolution 
fundamentally changed the way economists thought about monetary 

policy. Forward-looking expectations lead to predictions about the future 

level of a variable, made at the current point in time and assuming 
instantaneous access to information on the variable. This ensures that 

the variable is known at each point in time. RE introduced a new 
dimension that focused on the inter-temporal nature of decision-making 

and the resulting time inconsistency issues that arose. This must be 

incorporated in the discussion of seigniorage. 

Hence, we review the core models that have been used, using both 

adaptive and rational expectations. 

Third, the chapter reviews possible determinants of seigniorage. 
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Finally, we quantify the phenomenon of seigniorage for the TE3, 

comparing and contrasting four different definitions. We find some 
interesting results. Firstly, all seigniorage measures applied to a 

particular country exhibit clear co-movement in time but there are some 

notable differences across measures. Second, the pattern of seigniorage 

over time shows that was high in all three countries at the beginning of 
transition and was then brought down to low levels by the end of the 

transition decade. The seigniorage time series resemble the inflation time 

series for each country. For Poland and Slovenia, stabilisation 

progressed continuously, while in the case of Hungary, the Initial 

downward trend in seigniorage was interrupted as the Hungarian 

economy derailed somewhat. It was only after the introduction of the 

Bokros stabilisation plan that seigniorage came under firm control and 
followed a downward trend. 
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5. SEIGNIORAGE-AUGMENTED TAYLOR RULES FOR 
THE TE3 

The final chapter seeks to incorporate the results of the previous 

chapter, which quantified seigniorage for the TE3, into the forward- 

looking Taylor Rule framework. 

In the TE3, successful stabilisation was achieved considerably later than 

the beginning of these countries' sample periods. For example, Hungary 

and Poland, whose sample periods for estimation began in early 1990 

had, largely, stabilised only by the end and beginning of 1992, 

respectively. This raises an interesting question. Did seigniorage 

concerns play a role in the setting of monetary policies in Hungary, 

Poland and Slovenia? 

The central proposition of Chapter N is that central banks in the TE3 

acted as if they are also taking into consideration seigniorage revenue 

collection, in addition to price and output stabilisation, when conducting 

monetary policy. Can central banks' behaviour in transition economies 
be more accurately characterised by including a term for seigniorage in 

their monetary policy reaction function? 

This is tested by including an appropriate term for seigniorage into a 
Taylor feedback monetary policy rule. Were this to result in a good 

statistical fit, this would support a central proposition of this thesis, that 

central banks in the TE3 followed a seigniorage-augmented monetary 

policy rule. 

The analysis in Chapter IV differs in at least three important ways from 

that conducted in Chapter II. First, our analysis takes into account - at 
least partially - the simultaneity and interdependent nature of economic 

series. It does this by estimating an unrestricted vector autoregression 
(in equilibrium correction form) for each country in the TE3, involving 

inflation, output and seigniorage. From this model, we obtain the 

estimates of the respective variables that serve as inputs into the policy 

reaction function. 

Second, it uses an equilibrium correction specification. Econometric 

tests performed in Chapter II showed that a majority of interest rates 
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and inflation rates in the TE5 were found not to be mean reverting. This 

finding invalidated the standard Taylor Rule methodology for modelling 
these series, obviating the need for a different specification of the model. 

Finally, we augment the monetary policy rule by a term that reflects 

seigniorage considerations. 

The first part of Chapter II deals with model specification issues. Prior to 

estimating the vector equilibrium correction model (VECM), it is 

necessary to choose the order of the VAR and ascertain the nature of the 
deterministic components in the underlying model. Finally, one is 

required to specify the number of long run (co-integrating) relations in 

the model. This involves decomposing the long run relationships of the 

model into those that are stationary (and comprise the co-integrating 

vectors) and those that are nonstationary and comprise the common 
trends. The maximum eigenvalue and trace statistics advanced by 

Johansen (1988) are used for this purpose. Once a well-specified system 
is available, an econometric model is developed which in run forward in 

time to obtain all our inputs into the policy reaction function. 

Finally, the seigniorage-augmented Taylor is estimated for the TE3. The 

results largely confirm the central proposition of this thesis to the TE3, 

namely that at the beginning of transition, these countries used 

monetary policy to target fiscal concerns and once initial stabilisation 

was attained, monetary policy experienced a switch. As seigniorage effect 

attenuated in the latter part of transition, monetary policy was re- 
focussed towards its traditional aim of price stabilisation, as used in 

more advanced market economies. 
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II. A FORWARD-LOOKING TAYLOR RULE - 
A USEFUL DESCRIPTION OF MONETARY 

POLICY IN TRANSITION? 



1. INTRODUCTION 

Past research on simple monetary policy feedback rules has analysed 

central banks' behaviour based on the notion that central banks conduct 

monetary policy as if they were following simple feedback rules that 

incorporate a Phillips-curve trade-off. This was found to describe the 

behaviour of central banks across a variety of countries. 

In this chapter, we explore the adequacy of the well-known Taylor rule to 

describe monetary policy in five transition economies, widely expected to 

accede to the European Union in the first round of accessions of 

associated countries. These countries, termed the Transition Euro 5 

a E5), are Poland, Hungary, Slovenia, Estonia and the Czech Republic. 

A decade of rapprochement between Eastern Europe and Brussels began 

with the June 1988 joint declaration of the European Community and 
the Council of Mutual Economic Assistance and culminated in mid-July 
1997 with an invitation to the TE5, extended by the European 

Commission, to begin talks over European Union membership. Under 

the terms of the bilaterally negotiated Association (or Europe) 

Agreements with the European Union, the TE5 are committed to an 

eventual evolution toward greater harmonisation of monetary and 
financial policies with the ultimate aim of achieving currency union. This 

process is guided by the Treaty of the European Union (TEU), which 

spells out the five basic convergence criteria for monetary union, namely, 
fiscal deficits, public debt, price stability, interest rates and exchange 

rate stability. 

The focus of the current chapter is on price stability. The TEU foresees 

that a country's inflation rate may not exceed that of the three best 

performing member states by more than two percentage points. 

According to EIU (1997), the Maastricht criterion was 2.9, which was far 

off the inflation rates of the TE5, namely, 8.8 In the Czech Republic, 23.1 

in Estonia, 19.8 in Hungary, 19.9 in Poland and 9.1 in Slovenia. 

Here, we explore specifically whether or not there is any indication that 

the TE5 are following the objective of price stability in preparation for 

eventual accession to the EU and, if so, to what extent. We propose to 
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investigate these questions by analysing monetary and financial policy 

conduct of the TE5. For this purpose, we estimate a Taylor rule and 

assess whether or not this reactive rule provides a good description of 

monetary policy in the TE5 during transition. Such a rule provides 
information on whether central banks in the TE5 target price stability 

and, if so, to what degree. 

The Taylor Rule is part of the family of simple feedback rules or policy 

reaction functions that relate the central bank's instrument to a variety 

of independent variables, usually, deviations of actual variables from 

their desired levels. In order to attenuate the business cycle, these rules 

prescribe that monetary policy "lean against the wind" - tightening when 
inflation is high and easing when economic activity is low or falling. 

When designing a feedback rule, it is necessary to choose an appropriate 
operating target and a preferred policy instrument. Instruments are used 
to achieve their ultimate aims, over which policymakers have minimal 
direct control, e. g. economic growth. To put this into practice, so-called 

operating targets are adopted as a short-run operating guide for 

monetary policy. These are usually observable variables that policy 

makers have partial control over. Operating targets can take various 
forms, such as exchange rate pegs, price level or inflation targets, 

nominal income targets or, as in the Taylor Rule, a combination of these 

latter two. The adoption of an operating target defines the path of the 

policy instrument in order to attain the ultimate target. Hence, the 

operating target determines the setting of the instrument. 

While the Taylor Rule defines the central bank's policy instrument as the 

short-run interest rate, any variable over which policymakers can exert 

significantly precise control over in the short run qualifies as a policy 
instrument. We review some of the arguments in favour of and against 

the alternative of using a monetary (or bank reserve) aggregate to 

perform the same instrument function, which forms the basis of the 

McCallum Rule for monetary policy. 

The advantage of a rule is that it can provide a useful starting point for 

policy discussion. Simple rules are transparent as they explicitly relate 
the policy instrument to current economic conditions and also have 

advantages of credibility and ability to monitor. However, they may be 
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too restrictive to provide a full picture of monetary policy conduct. 
Hence, no central bank would admit to blindly following such a rule. 
From a positive methodological perspective, however, it appears that the 

rule mimics central banks' actual behaviour with considerable accuracy 

over a variety of countries. 

If the Taylor Rule is an adequate description of behaviour, it can be 

used, in a normative or prescriptive sense, to guide policymakers about 
the optimal setting for monetary conditions. In the highly uncertain 

policy and economic environment that characterises transition 

economies, an understanding of the central banks' reaction functions 

would be of value to guide short-run policy decisions toward those 

consistent with the long-run goal of price stability. Equally, it would 

enhance the decisions of financial market participants to know how 

future inflation and output is weighted in the TE5. This normative 

approach to establish optimal monetary policy benchmarks for operating 
targets presupposes that the model is robust with regard to structural 

changes. In addition, however, it requires agreement about the 

appropriate specification for any model, a feature that appears to be 

lacking. 

Using the positive methodology in Clarida & Gertler (1998) and Clarida 

et al. (1997), we estimate a forward-looking version of the Taylor Rule for 

the TE5 during transition. The baseline hypothesis defines a central 
bank that adjusts the nominal short-term interest rate in response to the 

gaps between expected inflation and output from their respective target 

and trend values. 

An important underlying assumption of the model is that all the 

variables in the estimated equation are stationary series. In addition, the 

estimation must be balanced in an econometric sense in that the right- 

and left hand sides must be integrated of the same order, in our case 
1(0). If this were not so, then regression would be liable to spurious 

results, a well-documented phenomenon8. It is therefore of the essence 
to test the dependent and independent variables for stationarity. The 

results show that a number of interest rates series, the year-on-year 

8 See Nelson & Kang (1984). 
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inflation rate and the output gap are non-stationary series, while the 

month-on-month inflation rate turns out to be 1(0). 

We perform estimations, using stationary measures of interest rates and 
the inflation rate, for the TE5. Since output is found to be an I(1) series, 

we assume a stochastic trend. 

Section 2 provides an overview of monetary and exchange rate policies in 

the transition countries under study. Section 3 discusses issues in the 

design of simple feedback rules for monetary policy. In Section 4, the 

model is specified. Prior to estimation, we pre-test the time series for unit 

roots in Section 5. The Taylor Rule for the TE5 is estimated in Section 6. 

Finally, Section 7 concludes. 
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2. OVERVIEW OF MONETARY AND EXCHANGE RATE 
POLICIES IN THE TE5 

In this section, we review the monetary and exchange rate arrangements 
in the TE5. Our choice of sample periods are: Czech Republic (93M1). 

Estonia (92M6), Hungary (90M3), Poland (90M1) and Slovenia (92M1)9. 

Table 2 summarises the key developments that took place in the TE5 

since 1990. 

Q We state the justification for this choice when we estimate the Taylor Rule. 
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Table 2: Key developments in the TE5,1990-1999 

Czech Estonia Hungary Poland Slovenia 
Republic 

Date: 
90M1 Central bank REFORMS 

established BEGAN 
Stabilisation 
package 
introduced. 
Most prices 
liberalised. 
Zloty devalued 

- 
by 31.69-fi 

-- ---- 90M3 REFORMS 
BEGAN 

91M1 (REFORMS Most prices 
BEGAN) liberalised. 
Exchange rate Forint devalued 
unified by 15%. 
Most prices 
liberalised 
Most foreign 
trade controls 
lifted 

91M4 Debt-forgiveness 
package by Paris 
Club creditors: 
cancelled 50% of 
debt owed to 
Western 
governments 

91M5 T-bills market 
Initiated. 
ER devalued 

91M6 Independence 
from Yugoslavia 
Central bank 

---` 
established 

91M8 ---------- Independence 
from Soviet 
Union 

91M10 New, more New currency 
flexible crawling- (tolar) 
peg introduced: introduced; 
monthly managed float 
devaluation set 
at 1.6% 

92M2 T-bills market ER devalued REFORMS 
initiated BEGAN 

----- -- -- - ---- ---- EU Association EU Association 
Agreement- 

92M6 REFORMS 
BEGAN 
Exchange rate 
unified 
New currency 
(kroon) and 
currency board 
introduced; 
pegged at 8: 1 
against DMK 
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Czech Estonia Hungary Poland Slovenia 
Republic 

92M12 Most prices 
liberalised 
Banking crisis 

93M1 Czechoslovakia 
splits into two 
republics 

93M2 New currency ER devalued by 
(koruna) 1.9% 
introduced 

93M3 ER devalued by 
2.9% 

93M6 ER devalued by 

- 
1.9% 

9397 ER devalued by 
3% 

93MS ER devalued 
93M9 ER devalued by 

----- --- 
4.5% 

94M6 Most prices 
liberalised 

95M2 Crawling peg Capital account 
devaluation controls 
reduced to 1.2% introduced 
per month 

95 `Bokros" 
stabilisation 
package of 
austerity 
measures 
introduced: ER 
devalued by 9%, 
pre-announced 
crawling-peg 
regime of 
monthly 
devaluations. 

95M5 Crawling peg 
bands widened 

------ - -- - -- - ---------- - -- 
to 7% 

98M6 - - -- Central bank ---- - Association Full current EU Association 
takes a series of Agreement with account Agreement 
steps to stem EU signed convertibility 
the inflow of introduced 
foreign capital 

95M9 Full current 
account 
convertibility 
introduced 

95M10 Koruna fully 
convertible for 
current-account 
transactions 
(IMF Art. VII 

95M12 Crawling peg 
devaluation 
reduced to 1% 
per month 

96Mi Application for Full current 
full EU account 
membership convertibility 

introduced (IMF 
Art. VIII) 

96M2 ER band 
widened to 7.5% 
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Czech Estonia Hungary Poland Slovenia 
Republic 

96M3 IMF stand-by 
agreement 

--_. _ ---------__ ------ --- ---- - -- --- -- -eignen - ______ 96M7 Capital account 
restrictions 
relaxed 

97M1 Currency basket 
changed 

97M4 Austerity 
package 
announced in 
response to 
growing budget 

--- 
deficit 

- -- -- -- -- - ---- --- -- - 97M6 -- -- --- ------ ----- Currency crisis; -- ------ -- -- - -- - 
fell 10% against 
former currency 
basket; Fixed 
regime replaced 
by managed 
float against 
DMK. 
Second austerity 
package 
announced 

97M7 EU invites CZ to 
begin accession 
negotiations in 
early 1998 

98M1 New measures 
to liberalised 
international 
capital flows 
introduced 

98M3 EU accession 
negotiations 
begin 

98M9 ER band 
widened to ten 
per cent. 
Devaluation 
crawl rate down 
to 0.5%. 
Foreign 
exchange bill 
sets groundwork 
for full capital 
account 
liberalisation by 
2000 

99M1 ER peg 
transferred to 
Euro 

Source: EBRD (1999) 
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Figure 4 plots the interest rates used and the inflation rate over the 

sample period in each of the TE5. 

Figure 4: Time paths of inflation rate and interest rates in TE5 
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It is clear from the figure that there was a common period of disinflation 

in the early 1990s. Estonia, Poland and Slovenia began their transition 

paths from economic hyperinflation, all recording rate of inflation of 

above 250 per cent per annum. Annual inflation rates in the Czech 

Republic and in Hungary were comfortably below twenty and forty per 

cent, respectively. 

Disinflation was largely successful across all the countries, with the 

notable exception of Hungary that suffered two setbacks in its 

disinflationary trend since the early 1990s. The first occurred in August 

of 1992 (92M8) for six months and then again, more or less steadily from 

94M3 to 95M6, after which, and until the present time, it continued on a 

steady disinflationary route. After this date, the co-movement between 

inflation and interest rates improved markedly. 

Countries also differed in their choices of exchange rate regime. The 

Czech Republic initially opted for a narrow peg, then widened its bands. 

In May 1997, the Czech Republic abandoned its peg in favour of a 

managed float, which is also the system operated in Slovenia. Estonia 

adopted a currency board, fixing its currency to the DM and, 

subsequently, the Euro. Hungary used an adjustable peg while Poland 

opted for an initially fixed exchange rate and then switched to a crawl. 

According to Rosati (1996), countries that initially opted for a floating 

regime did so because a fixed regime was considered infeasible in the 

light of inadequate levels of international reserves or low credibility of 

their stabilisation programmes. 

A key component of market liberalisation in the TE5 was the early 
introduction of an open foreign exchange market followed, at 

stabilisation, by (current account) convertibility. Since financial markets 

were not sufficiently developed at the time to provide alternative inflation 

hedges, the demand for foreign exchange reflected primarily a stock 
demand. In the light of negative real interest rates on bank accounts, 
foreign exchange provided the most important form of liquid wealth. 

Convertibility was accompanied by initial undervaluation'0 of the 

exchange rates, especially with respect to purchasing power parity (PPP) 

10 Also discussed by Bruno (1993). Portes (1994b) and Nutt (1996). 
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and other measures of competitiveness. Halpern & Wyplosz (1995) put 
forward a number of reasons for this phenomenon. They argue that it 

was the result of a combination of monetary overhang", pent-up 
demand for foreign assets, the lack of credibility of the new policy- 

makers and uncertainty concerning the appropriate equilibrium 

exchange rate. In addition to these, Rosati (1996) suggests that unless 
initial devaluation was substantial, a high level of foreign reserves would 
be needed to make the foreign exchange rate anchor a credible 
instrument. The notorious lack of hard currencies was a decisive factor 

dictating initial undervaluation. Undervaluation also appears to have 

been the price for instant convertibility by new governments that did not 

enjoy full credibility, operating in an environment characterised by high 

inflationary expectations. 

In the short-run, the most damaging effect of undervaluation was the 

generation of inflationary pressures that accompanied price 
liberalisation. Subsequent to these episodes, real revaluation followed in 

the TE5, sometimes excessively. 

In addition, real interest rates were strongly negative, prompting a 

correction by the authorities to encourage saving and counter inflation. 

Real rates soon exceeded sustainable levels, i. e. those that matched the 

real rate of return on investment. This dampened investment and 

sustainable growth. 

Domestic to foreign interest rate differentials were initially high and 

exceeded levels necessary to cover domestic currency devaluations. 

Again, this was considered a quid pro quo for the lack of credibility of 

exchange rate policies. As currencies experienced real (and occasionally 

nominal) revaluations and the rate of inflation slowed down, these 

interest rate differentials began to attract serious capital inflows, 

especially against the backdrop of expected currency revaluation. 

Hand-in-hand with capital inflows came the growth of foreign reserves, 
both with the central bank and with the whole banking system. For 

However. monetary overhang was not significant in the CSFR. where is was small and price 
liberalisation occurred prior to convertibility, nor in Poland where 1989 inflation largely 

eliminated it. 
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example, in Poland, foreign exchange reserves doubled during the first 

half of 199512. Similar trends were recorded in other TE5 countries. 

Capital inflows have the advantage that they ease the external constraint 

and enhance potential investment and growth. However, they make a 

country particularly vulnerable to sudden outflow. They can also pose a 
dilemma for monetary policy because they are potentially inflationary if 

not sterilised. Sterilisation can be a costly undertaking for a domestic 

central bank. According to Nuti (1996), sterilisation was particularly 
costly in the Czech Republic and in Poland due to interest rate 
differentials and the scale of the operations. 

We now review monetary and exchange rate policies in more detail in 

each country. 

2.1 Czech Republic 

Monetary policy in the Czech Republic is determined by the Czech 

National Bank (CNB), which enjoys independence to set key interest 

rates and the exchange rate. 

The Czech Republic's inflation rate has been stable over the period under 

consideration (since 1993) but experienced an upturn after 97M5, no 
doubt due to the exchange rate crisis, reported by Begg (1998b). 

On 1 January 1991, the Czech and Slovak Federal Republics (CSFR) 

adopted a fixed exchange rate for the koruna. In February 1993, the 

koruna was split into Czech and Slovak korunas, following 

independence. In May 1993, the koruna was pegged13 to the DM and 

US$ (65% and 35°x6, respectively) and limited by a narrow band of ±0.5%. 

Nominal exchange rate stability was achieved between January 1991 

and May 1997. In practice, this meant a gradual real revaluation, as the 

Czech inflation rate was higher than that of its main trading partners. In 

early 1997, a worsening trade deficit and growing doubts about the 

current account sustainability put downward pressure on the koruna. 

12 According to the National Bank of Poland this was not so much due to capital inflows but 
due to a boom in border trade and improvements in competitiveness, despite real 
revaluation. 

13 The koruna has previously been pegged to a basket that contained USD,, DMK. ATS, SFR 
and FFR 
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Speculators took flight, leading to the currency crisis and an immediate 
devaluation of about ten per cent. 

This episode shows the need for a change in foreign exchange 

arrangements once initial inflation has successfully been brought under 

control. In the longer-run, the exchange rate should be used to avoid 

major misalignments in the real exchange rate rather than to defend 

price stability, which should be the primary objective of monetary (and 

fiscal) policies. The nominal exchange rate should be adjusted to achieve 

a real rate consistent with the sustainable current account deficit which 

would be financed by autonomous capital inflows. This suggests that 

once inflation has been brought under control, a shift to a flexible regime 

would not be misplaced. 

2.2 Estonia 

In many ways, Estonia stabilised its economies under much less 

favourable conditions than those of other transition economies. First, it 

experienced a much larger terms-of-trade shock, due, in large part, to a 
high dependence on energy imports. Second, as a small country, it was 

more affected by the collapse of CMEA trade. Finally, Estonia inherited a 
highly distorted economy at the beginning of transition. Contrary to the 

Polish and Hungarian experiences, it had not introduced market 

elements during previous decades. Its only advantage, vis-ä-vis other 

transition economies, was that it started out reform with zero foreign 

debt as Russia assumed its foreign liabilities. It also succeeded in 

keeping its government budget remarkably near balance. 

These conditions meant that the output collapse was greater than that 

experienced by other transition economies. The cumulative fall in 

Estonian GDP from 1991 to 1994 was about 35 per cent. 

Inflation was brought down from near-hyperinflation in 1992, with an 

annual rate of 953% to 41.7% in 1994. This was due, mainly, to its 

currency board system, which effectively represents tight monetary 

policy, but also due to its tight fiscal policy. 

In June 1992, Estonia left the rouble zone and established a new 

currency, the kroon, regulated through a currency board. The kroon is 

backed by hard currency and gold reserves. The currency board is 
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enshrined in law, which requires that any devaluation receive 

parliamentary consent. Because it is a currency board system, the Bank 

of Estonia can only issue new money in proportion to the growth of its 

reserves. This effectively frees the central bank from ir}f lationary money 

printing to cover a budget deficit or currency devaluation to counter a trade 

deficit. 

The government has pledged to continue pegging its currency at a rate of 
8: 1 against the Deutsche Mark (DMK) at least until 2000 and has ruled 

out any devaluation. However, some aspects of Estonia's economic 

situation have caused doubts about the currency's stability. Fixing the 

kroon, coupled with higher inflation than its trading partners (as in the 

Czech case), has led to a sharp real appreciation. In 1993, the kroon 

appreciated by 20 per cent in real terms and by fifty per cent in 1994. 

This development has undoubtedly hampered export growth and 

widened the trade and current account deficit. 

Also, in 1998, the central bank governor was forced to step down, 

further eroding confidence in the currency board. As a small open 

economy with a narrow export base. Estonia is also particularly 

vulnerable to external shocks that it is unable to counter with a 

relatively painless exchange rate adjustment. 

A potential crisis in 1997 was averted when currencies in countries with 
fixed regimes but operating large current account deficits came under 

attack. In April 1997, the central bank stepped up its control over 

liquidity by means of quantitative controls on bank lending. Interest 

rates rose sharply, but the currency escaped devaluation. 

Estonia is characterised by extreme currency convertibility. In 1994, it 

became one of the first economies in transition to accept IMF Article VIII 

convertibility. Estonia has also abolished all limits on capital movement 

and foreign exchange accounts. 

2.3 Hungary 

Hungary is the country where reforms started earlier and were 
implemented gradually over a long period of time. However, 

macroeconomic stability was not immediately achieved until the 

introduction of the Boleros stabilisation programme in March of 1995. 
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Hungary suffered two setbacks in its disinflationary trend since the early 
1990s. For six months subsequent to August 1992 and from 94M3 to 

95M6, the Hungarian rate of inflation rose substantially. 

Three core elements were at the heart of Bokros stabilisation effort, 

namely, an initial, radical devaluation of the currency, coupled with a 
preannounced crawling peg; a substantial cut in budgetary spending; 

and an incomes policy aimed at curbing nominal wage growth. 

Since the introduction of the 1995 stabilisation package, the co- 

movement between inflation and interest rates improved markedly. As a 

reaction to the package, an initial adjustment of year-on-year consumer 

price inflation occurred, which increased to 28.2 per cent during 1995. 

However, the programme's benefits began to materialise in 1996, which 

saw inflation drop to 19.8 per cent. 

At the beginning of the 1990s, the Hungarian forint was pegged to a 
basket of currencies giving 70 per cent weight to the ECU and 30 per 

cent to the dollar. Hungary operated an adjustable peg to maintain a 

stable real exchange rate. 

In the course of 1990, the forint was devalued by 18 per cent and in 

January 1991, it was subjected to another 15 per cent devaluation. In 

1992, three small devaluations were insufficient to compensate for 

domestic inflation. As a result, the consequent appreciation of the real 

exchange rate was corrected by more devaluations in 1993: in February 

(1.9 per cent), March (2.9 per cent), June (1.9 per cent), July (3 per cent) 

and September (4.5 per cent). This trend continued in 1994 with an 

eight per cent reduction in the official rate in August. The trade deficit 

ballooned. Three small devaluations in 1992 were insufficient to 

compensate for domestic inflation, leading to a significant real 

appreciation of the currency. 

The stabilisation-cum-austerity package also entailed a9 per cent 
devaluation and pre-announced monthly devaluations of the crawling 

peg regime. Since its inception, this regime has proved to be successful 
in withstanding speculative attacks. The rate of crawl has been steadily 

reduced. During the course of 1995, total devaluation of the forint 

reached 29 per cent. 
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2.4 Poland 

Poland introduced its "Balcerowicz" stabilisation package on 1 January, 

1990, primarily aimed at fighting inflation. Similarly to Estonia, Poland 

began its transition path from hyperinflation, recording a rate of inflation 

of above 250 per cent per annum. 

According to Wellisz (1997), who studies the post-1990 Polish 

stabilisation experience, inflation in Poland was fiscal-deficit-driven until 

mid-1993. After that, the chief cause of subsequent inflation appears to 
have been the policy refusal to let the zloty appreciate in real terms and 
the failure to sterilise the rapid accumulation of foreign exchange 

reserves. 

Poland went through three different periods of exchange-rate regimes, 

namely, the fixed-exchange-rate period, the "crawl-cum-mini 
devaluation" period and the "pure crawling peg" period. The zloty was 
devalued by 31.6 per cent, pegged to the dollar and was made internally 

convertible. A second devaluation occurred in May 1991 when the rate 

was linked to a trade-weighted basket of five currencies14. 

In October 1991, the "crawl-cum-mini devaluation" -a more flexible 

crawling-peg exchange rate regime - was introduced. This incorporated 

an automatic (pre-announced) monthly zloty devaluation of 1.8 per cent 

against its basket. 

From September 1994, the zloty followed a crawling peg regime, subject 

to continued devaluation of 1.5 per cent per month. In 1995, a currency 

reform launched a new zloty, exchanged at a rate of 1: 10,000 against the 

existing currency. From mid-May 1995, the zloty has been floating 

within a seven per cent band around a baseline of daily crawling 
devaluation. In December of that year, the crawling-peg depreciation rate 

was cut to 1 per cent per month and the central rate was realigned to 

stronger market rates. This caused a real zloty appreciation of around 15 

per cent by the end of that year. During 1996, real appreciation slowed 

as the current account moved into deficit. The authorities moved to 

stabilise the zloty's real value by spending reserves. By September 1998, 

14 The basket consisted of. US$ 45%. DM 35a%o. Sterling 10%, FF and SFR 5% each. 
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the zloty's band had been widened to 10 per cent and the rate of monthly 
devaluation was down to half a per cent. 

In April 1991, the Paris Club of official creditors agreed to cancel 50 per 

cent of the $33bn owed to Western governments. 

2.5 Slovenia 

Like Estonia and Poland, Slovenia faced high inflation after its 

programme of price liberalisation in the mid-1980s. The peak inflation 

rate exceeded 1,300% in 1989 and continued high in 1991 and in early 
1992. In addition, Slovenia faced widespread external and internal 

disequilibria. Slovenia had neither foreign exchange reserves nor access 
to foreign financial markets. 

These constraints limited its approach to macroeconomic stabilisation. 
Slovenia was forced to build up its foreign exchange reserves and to 

stabilise simultaneously. The stabilisation programme relied on 

reshaping the foreign exchange market and adopting a floating- 

exchange-rate regime while monetary and fiscal policy remained tight. 

The central bank pursued a tight monetary and credit policy leading to a 

sharp fall in Slovenia's monthly inflation rate in the second half of 1992, 

from 5.9% in June, down to 1.1% in December. Annual inflation fell well 
below 10% in 1997 and 1998. 

In October 1991, the new currency, the tolar, was introduced at a fixed 

rate to the DMK and, in December, it was allowed to float. The exchange 

rate regime now operates as a managed float. During 1992 and 1993, the 

currency depreciated sharply due to the high rate of inflation. During the 

first three quarters of 1995, the exchange rate policy hardened and the 

tolar was kept almost constant against the DMK. This contributed to 

making exports uncompetitive and, hence, a much sharper depreciation 

was allowed in the last four months of 1995. During 1996, the tolar 

depreciated at a rate broadly commensurate with the inflation 

differentials to the country's main trading partners. 

Broad exchange-rate policy has been to avoid appreciation of the real 

effective exchange rate which occurs when domestic inflation is higher 

than that of its main trading partners. Similarly to other TE5 countries, 
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one big problem the authorities have faced has been the rapidly 

mounting influx of foreign capital. In Slovenia, this meant that inflation 

remained above 20 per cent per annum and also put upward pressure 

on the tolar from 1996. In February 1997, the central bank restricted the 

flow by requiring foreign investors to keep special custody accounts for 

their purchased securities. Banks were also put under obligation to keep 

the equivalent in foreign exchange on their balance sheets. These 

requirements raised the cost of portfolio investment for foreign nationals 

prompting capital outflow and a significant drop in the stock-exchange 
index. In July, following criticism by the EBRD, the new measure was 

repealed. However, foreign Investors still faced the requirement to keep 

their Slovene securities for at least seven years unless they sell them to 

other foreign nationals. 
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3. ISSUES IN THE DESIGN OF SIMPLE FEEDBACK 
RULES FOR MONETARY POLICY 

3.1 Introduction 

The subject of rules for the conduct of monetary policy has a long 

precedent in macroeconomic history'5. A seminal contribution in this 

debate is Kydland & Prescott (1977), which was later elaborated on by 

Barro & Gordon (1993a, b), showing that monetary policy will have an 
inflationary bias under discretion and will, hence, be suboptimal in the 

long run. These contributions put an end to the previously widespread 

notion that policy rules necessarily involve fixed (non-reactive) settings 
for the policy instrument, a prominent example of which is Friedman's 

constant money growth rate rule. 16 

These models are set in a rational expectations world in which the 

workings of the economy are public knowledge and the government's 

objectives coincide with those of the private sector. They utilise a Lucas 

supply function -a surprise Phillips curve. The key assumptions 

underlying these models is a positive relation between monetary policy 

surprises and deviations of output from its full-employment level, and 
that the public's expectations eventually are consistent with the policy 
followed by the central bank. This means that the public can only be 

fooled temporarily and, hence, that output cannot deviate from its full- 

employment level in the long-run, and therefore, that social welfare is 

maximised by producing zero inflation. 

Under these circumstances, Kydland & Prescott showed that 

discretionary monetary policy has an inflationary bias. By stimulating 

aggregate demand and surprising the private sector with unanticipated 
inflation, the monetary authorities can reduce unemployment in the 

short-run. The extent of the inflationary bias in discretionary policy is 

affected by the central bank's rate of time preference. The more weight it 

places on near-term, relative to more distant, developments, the larger is 

the inflationary bias. The monetary authority pre-committing itself to a 

15 For an extensive review of the issues, see Englander (1990). 

1e See also Levine & Currie (1985) and Bryant et al. (1993) for an evaluation of various policy 
rules. 
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policy rule that would guarantee price stability in the long run could 

eliminate this bias. 

The reason for the inferiority of discretionary policymaking lies in the 

trade-off that exists between the reduced-unemployment benefits of 
higher monetary growth and the increased-inflation costs of such 
growth. Under discretion, each time policy-makers choose the level of 
monetary growth in a period, they take the private sector's expectations 

of this as a given. However, due to the nature of the optimisation process 
that focuses exclusively on the current period, this ignores the fact that 

expectations are determined by the ongoing policy choices as time 

progresses. By contrast, a rule calls for period-by-period implementation 

of a contingency formula, general enough to apply to all contingencies 

and for an indefinitely large number of future time periods. 

Uncertainty in a dynamic economic framework is handled in different 

ways. In this context, it is useful to distinguish three types of policy rule, 

open-loop, closed-loop and feedback. 

An open-loop policy completely specifies the values of the policy 
instruments at the beginning of the planning period. Such a policy 
depends only on the information set known in the time period t=117. An 

example of this rule is x1= g, j (Ii), where x represents the policy rule 

and g(. ) the calculation procedure to be applied in each t as a function of 
the information forthcoming in period j, the period in which g(. ) is 

calculated, where j precedes t 

Given uncertainty, I, may differ from I,. A feedback rule is one in which 

the value of the policy instruments at t can also be a function of the 

system's past evolution, e. g. x1 = g,. j(Ir) . 

The most general formulation is the closed-loop policy rule given by 

xr =g, (I, ) " Feedback and closed-loop rules are sometimes taken to be 

synonymous. This is because they coincide when there are no revisions 
to exogenous assumptions. The feedback solution is essentially 
backward-looking in nature and is designed to take account of 

» Conventionally. open-loop policies are taken to be calculated in j91 and are based on I, . In 

this case. the example above can be referred to as a sequentially updated open-loop rule. 
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innovations in 0 which have already occurred. By contrast, the closed- 

loop rule combines both a feedback response to unanticipated 
disturbances and a feed-forward response to anticipated disturbances. 

When it comes to the practical application of rules to the conduct of 

central banks, however, the distinction between rules and discretion is 

more difficult to draw. In practice, there is no tangible commitment 
technology limiting an independent central bank. Hence, monetary 

authorities are forced to behave in a discretionary way, freely choosing 
their instrument settings as they judge fit. This point is emphasised by 

Bernanke et al. (1999) who argue that the dichotomy between rules and 
discretion is too simple to capture the realities that central bankers face: 

There is no such thing in practice as an absolute rule for monetarg policy. (... 1 In 
short, in real-life monetary policy-making, the rules-versus discretion distinction is 
an empty one; In practice, only discretion prevails. (p. 5-61 

Nevertheless. since it is well known that behaving in a rule-like manner 

will generate superior outcomes on average, a rational central bank can 
be expected to behave in a rule-like manner. This is the basis for simple 
feedback rules, proposed by Taylor (1993a, b) and McCallum (1988, 

1993). 

A feedback rule is a formula that specifies how a policy instrument 

(under the direct control of the central bank) responds to deviations of 

an operating target variable from its pre-established target path. A 

generic feedback rule can be written as: 

Equation 1: I=W+ X[Zt*_1 - Zt_1 

The variable I represents the policy instrument, while Z denotes the 

operating target variable of policy. This rule specifies that the change in 

the policy instrument equal the change desired in the steady state 

equilibrium, iy, and an adjustment term, which describes the monetary 

authority's response to deviations between the actual level of the 

operating target variable (4 and its desired level (ZI. The strength of the 

policy-maker's reaction is characterised by X. Since the policy 
instrument, I, responds only to lagged, observable values of the 

operating target variable, the rule can be used without reference to a 

particular model. 
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Reactive rules concern policy reaction functions that relate the central 
bank's instrument to a variety of independent variables, usually, 
deviations of actual variables from their desired levels. In order to 

attenuate the business cycle, these rules prescribe that monetary policy 
"lean against the wind" - tightening when inflation is high and easing 

when economic activity is low or falling. 

Both the Taylor (1993) Rule and McCallum's (1988) rule - that defines a 

monetary or bank reserve aggregate as the monetary policy instrument 
function - are examples of such feedback rules in which the policy 
instrument feeds back in response to economic outcomes. They are also 

simple rules, which are arguably more robust when there is uncertainty 

about the true structure of the economy. Simple rules may also have 

advantages of credibility and monitorability. 

To specify a rule, it is necessary to choose both a preferred operating 
target and a preferred policy instrument. We discuss some of the main 

options. In Section 3.4, we proceed to describe the Taylor Rule, the focus 

of this chapter. This rule links its chosen policy instrument, the short 
term interest rate, in a mechanistic way to its chosen operating target, a 

mix between the inflation rate and the amount of spare capacity in the 

economy. 

3.2 Choice of operating target 

Policy makers use instruments to achieve their ultimate aims, over 

which they have minimal direct control, e. g. economic growth. To put 

this into practice, so-called operating targets are adopted as a short-run 

operating guide of monetary policy. These are usually observable 

variables that policy makers have partial control over. The adoption of an 

operating target defines the path of the policy instrument in order to 

attain the ultimate target. Hence, the operating target determines the 

setting of the instrument. 

The justification of using a variable as an operating target is given when 

uncertainty and information lags are present. Its analytic role is to 

provide an effective rule for revising a priori expectations. For example, in 

the presence of data lags, the central bank may choose to act as if its 
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target is some variable for which recent data are in fact available. This 

adds to the information set to determine expectations. 

An important question that has been raised with respect to operating 

targets is whether it is preferable to specify a growth-rate target or one of 

growing levels type, i. e. whether the target should be specified in a 

difference-stationary or trend-stationary manner. This issue is relevant 

to targets that relate to either prices or quantities. 

The main weakness of a growth-rate choice is that by treating past target 

misses as bygones, it introduces a unit root component into the time- 

series processes for all nominal variables. This introduces the possibility 

that the price level would drift arbitrarily far away from its 

predetermined path as time continues, implying considerable 

uncertainty when predicting future values for variables, measured as 
levels. 

The major drawback in using levels-type target paths is that the target 

variable will be forced back onto its predetermined path after a 

disturbance, regardless of whether the latter is of a temporary or 

permanent nature. Hence, this type of targeting risks introducing extra 

cyclical variability in output and other real variables. 

Some authors, such as McCallum (1997) have suggested that, for this 

reason, it appears preferable to use growth-type targets, rather than 

levels type. However, this is not a foregone conclusion. 

In practice, operating targets can take various forms, such as exchange 

rate pegs, price level or inflation targets or nominal income targets 

(written either as levels or as growth rates). In addition, we discuss the 

"hybrid" type (used in the Taylor Rule) which sums inflation and real 

output measured relative to some sort of trend or reference value. 

Price and income operating targets presume that the economy in 

question does not have its monetary policy dedicated to an exchange rate 

target. If a country has opted for a fixed exchange rate, then its operating 

target has been determined as the exchange rate, to which we now turn. 
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3.2.1 Exchange rate pegging 

One strategy for monetary policy is to fix the exchange rate of its 

currency to that of a large, low-inflation country (often a major trading 

partner). If the exchange rate is fixed at a prescribed value, domestic 

inflation will approximate the other country's rate, assuming that 

movements in the real exchange rate are not significant. Alternatively, 

the exchange rate could follow a crawling peg. which allows it to 

depreciate at a fixed, predetermined rate. 

Under a fixed-rate system, the exchange rate is an exogenous variable 

while the money supply is endogenous. The money supply in the 

domestic country must accommodate the fixed exchange rate. The 

uncovered interest parity (UIP) condition prescribes equality between the 

domestic and foreign rates of interest. 

In a two-country model, under a flexible system, the UIP postulates that 

the interest rate in the domestic economy is equal to the foreign interest 

rate, P. plus the expected rate of depreciation, t, of the domestic 

country's currency, written in logs 18: 

Equation 2: i= i* + EkI, ] 

There are a number of key disadvantages of an exchange-rate peg. 
Maintenance of a peg imposes severe constraints on the ability of the 

domestic monetary authorities to use monetary policy for other 

purposes, such as short-run output stabilisation. As exchange rate pegs 
(ERPs) are not always fully credible, domestic interest rates have to 

exceed the anchor country's interest rates, causing exports to be 

uncompetitive. This sometimes imposes a significant cost to the 

domestic economy by depressing domestic activity. Moreover, a pegged 

rate allows shocks originating in the anchor country to be rapidly 
transmitted to the country with an ERP. Finally, ERPs are susceptible to 

speculative attacks, which are highly damaging to an economy. 

Begg (1998) illustrates this final point with the example of the Czech 

koruna. Initially pegged at 28 koruna/US$ in January of 1991 and later 

Is In a simple Mundell-Fleming model, prices are fixed and expectational terms are absent, 
hence. these interest rates are equal. 

: ýt ý1r11C1ý1 
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converted to a basket of currencies (65% DM and the rest US$), it was 
limited by a narrow band of ±0.5 per cent. Although the band was 

widened in February 1996, a speculative attack in May 1997 forced the 

Czech government to abandon the peg and adopt a managed float. 

The Czech crisis teaches a number of lessons pertaining to an ERP. 

According to Begg, a number of circumstances triggered the crisis. Prior 

to the crisis, the Czech economy experienced substantial foreign 

borrowing to finance infrastructure investment and consumption. 
Typically, this has a long gestation period before it can feed through to 

productivity increases, thereby boosting competitiveness. This meant 
that competitiveness remained low during the interim period and was 
further undermined by rapid wage growth. Consumption also increased, 

especially via higher imports, as the domestic economy was already 

operating close to full capacity. 

These trends were encouraged by substantial interest differentials that 

led to high foreign borrowing by Czechs. As a result, confidence of 

investors ebbed, compounded by the substantially diminishing 

momentum of structural adjustment. This led to a reversal of foreign 

direct investment. 

Finally, the tightening of monetary policy may have exacerbated these 

problems by inducing higher interest rates and the resulting capital 
Inflow caused real appreciation and further erosion of competitiveness. 
The inability to allow nominal appreciation, beyond the narrow 
fluctuation band around the central rate, can make it difficult to counter 
the growth of foreign exchange reserves. In the absence of sterilisation, 
this will result in domestic money supply growth that causes inflationary 

pressures. Through this mechanism, these developments led to 

overheating, especially since fiscal policy was not reined in, which can be 

regarded as a policy mistake. 

The Czech example serves to illustrate the danger of pegging the 

exchange rate when fiscal restraint is a compelling priority, too. This 

arises because the authorities' policy instrument, the interest rate, is 

being used to maintain the peg rather than to alleviate domestic 

concerns. 
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An extreme example of an ERP is the currency board, an arrangement 

that was implemented by Estonia in June of 1996. A currency board 

guarantees the exchange of domestic currency, on demand, at a fixed 

exchange rate, for a chosen anchor or reserve currency. A country using 

a currency board holds interest-earning reserves against the domestic 

currency. It earns profits from the difference between the interest earned 

on its reserve assets and the expense of maintaining its note and coin 

circulation. 

Under this type of regime, the money supply is endogenous and 

determined by market forces. Under a currency board system, interest 

rates cannot be adjusted to support the currency. The central bank 

possesses only indirect control over the money supply. Interest rates will 

be determined by the anchor country's and will be equal, provided that 

there is confidence in the currency board. In giving up the choice of its 

inflation rate and accepting the anchor country's inflation rate, the home 

country will face a welfare loss. Banks' liquidity and lending capacity can 

be controlled by increasing their reserve, liquidity or provisioning 

requirements. 

An alternative target-variable choice is strict nominal GNP or GDP, often 

expressed in growth rates. 

It is obvious that the exchange rate regime will have important 

implications for the conduct of monetary policy. By fixing the exchange 

rate, monetary policy becomes subordinate to the exchange rate target. 

This means that the money supply is endogenous, adjusting to the 

exchange rate target. 

This raises the question as to whether the existence of a fixed exchange 

rate regime, such as an exchange rate peg, a crawling band or even a 

currency board, invalidates the concept of a monetary policy feedback 

rule which does not include the exchange rate as an explicit target. 

It is true that in a textbook world, the setting of the interest rate is 

subordinate to an exchange rate target. However, the "real world" may be 

considerably more complex than that and it is unlikely that central 

banks act monomaniacally to achieve a fixed target at all times. 
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There is both theoretical and empirical modelling literature which lends 

support to the view that pursuing, but not perfectly maintaining, a fixed 

exchange rate regime of any type does not preclude policymakers from 

pursuing other targets. 

On the theoretical level, Svensson (1999) and Ball (1998) have developed 

monetary policy feedback models in the context of an open economy. In 

their models, policy affects inflation through two channels. A monetary 

contraction reduces output and thus inflation through the Phillips curve, 

and it also causes an appreciation that reduces inflation directly. Of 

these two channels, the effect of exchange rates on inflation via import 

prices is the fastest channel from monetary policy to inflation. 

To illustrate this point, we can write two simultaneous equations, 
following Ball (1998). One is an open-economy Phillips curve in which 
the change in inflation, is , depends on lagged output, y-1, and the 

lagged change in the exchange rate, e_l , which affects inflation through 

import prices. The coefficients are given by a and y, while 1 denotes a 

random shock. The second equation is the well-known uncovered 
interest parity (UIP) condition which prescribes equality between the 

domestic and foreign rates of interest. This condition says that the 

interest rate in the domestic economy is equal to the foreign interest 

rate, i*, plus the expected rate of depreciation, t. of the domestic 

country's currency, written in logs. This relation between the interest 

rate and the exchange rate captures the idea that a rise in the interest 

rate makes domestic assets more attractive and leads to an appreciation: 

aY_1-Ye4 +71 
i=i+E[tflt] 

These imply that we can interpret a policy rule as a rule for r, a rule for e 
or, as in practice, this is likely to be more often the case, a rule for a 
combination of two. 

It may be argued that then exchange rates enter the monetary policy rule 
directly, but in general, the output gap and inflation variables in the 

Taylor Rule already contain information on exchange rates1°. 

19 This issue is also raised in Section Errorl Reference source not found. below 
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Similar arguments can be applied to the existence of a currency board. 

In theory, a currency board does not allow monetary authorities any 
discretion at all. This is because authorities convert domestic currency 

on demand at the fixed exchange rate. To make this commitment 

credible, currency board hold reserves of foreign currency equal at a 
fixed rate of exchange to at least one hundred per cent of the domestic 

currency issued. 

Unlike a conventional central bank, which can print money at will, a 

currency board issues domestic notes and coins only when there are 
foreign-exchange reserves to back it. Under a strict currency-board 

regime, interest rates adjust automatically so governments are prevented 
from setting their own interest rates. 

However, the biggest difficulty of a currency board is how it responds to 

capital outflows. Under a currency board, any outflows shrink the money 

supply, sending interest rates to unsustainable levels. For emerging 

markets with fragile banking systems, this can be a dangerous 

drawback. 

Since governments cannot use the exchange rate as a policy instrument 

to adjust the economy to external shocks, domestic wages and prices 

must adjust. In very open economies that are more vulnerable to 

external shocks, the internal adjustment required would be painful. 

These are compelling reasons to suggest that, in practice, currency 
boards may allow some intervention to smooth some of these effects. In 

practice, most currency boards use more freedom than the textbook 

description implies. Many currency boards retain some influence over 
the money supply, for example, by varying minimum levels of 

commercial banks' reserve deposits with central bank. 

Hong Kong and other countries with currency boards, such as 

Argentina, occasionally intervene in money markets to smooth swings in 

interest rates in the same way as central banks do. For example, Hong 

Kong's monetary authority can inject or withdraw money from the 

interbank lending market to push up or lower interest rates. On October 

23rd 1997, it drove up overnight interest rates to 300% to punish 

speculators. The following day it injected money into the system to push 
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the rates down. Lithuania is another example of a country that, despite 

operating a currency board, has actively intervened in monetary policy. 
There, the government bailed out two big banks in 1995 banking crisis, 
despite operating a currency board. Part of its currency board's reserves 

appear to have been pledged to prop up the banking system. 

On an empirical level, work by Clarida et al. (1998) or Davies et al. 
(1996) have shown that, despite stated policy goals such as maintaining 

a fixed exchange rate, monetary authorities may have other (hidden) 

agendas. 

Clarida et al. (1998) argued that it is quite possible that there may be 

other important factors that influence the interest rate setting besides 

those in the forward-looking Taylor Rule they estimated as their baseline 

scenario. For example, some central banks in their sample are likely to 

have pursued policies to maintain exchange rates within reasonable 
bounds, such as Bundesbank in ERM. But, Clarida et al. (1998) did not 
take this fact as implying that central banks had completely sacrificed 

monetary control. 

In their estimation of simple Taylor rules in European countries, Davies 

et al. (1996) also find that while exchange-rate movements explain much 

of French and Italian monetary policy, thereby making the Taylor rule a 

somewhat poorer guide for those countries, this finding was not viewed 

as invalidating the Taylor rule methodology. Quite to the contrary, they 

conclude that, even in cases where exchange rate considerations enter 

monetary policy, the Taylor Rule can still be used to make rough 

assessments about domestic monetary policy. 

3.2.2 Nominal GDP growth rate targets 

The rationale for using nominal GDP as an intermediate target lies in the 

apparent simplicity of its relationship with the price level, which is the 

ultimate long-term policy goal. The price level is equal to the difference 

between the logarithms of nominal and real GDP. This identity 

postulates a long-term relationship between nominal GDP and the price 
level, given a predictable path for steady state real GDP. 
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A potential problem of using nominal GDP as an intermediate target is 

that the lags from policy actions to nominal GDP are relatively long, and 

thus targeting nominal GDP may result in instrument instability. 

3.2.3 Strict inflation targeting 

In recent years, a country's expected or future inflation rate has featured 

prominently as an operating target. This is, in part, due to its marked 

success since its introduction in Canada, Finland, Sweden, New Zealand 

and the United Kingdom20. 

These regimes are characterised by the setting of an explicit and 

quantitative inflation target, typically two per cent per annum. In many 

cases, the regime also incorporates an explicit tolerance interval around 
the inflation target, typically plus or minus one percent. Moreover, 

additional temporary operating targets, such as an exchange rate target, 

need not be inconsistent with an inflation target. 

The main advantage of inflation targeting lies in gearing monetary policy 

to directly achieve the goal of low and stable inflation. An inflation target 

also provides an ex post yardstick of performance by the central bank. 

Coupled with a measure of inflationary expectations relative to the 

inflation target, this serves to evaluate monetary policy, enhancing its 

accountability. For this reason, it can be regarded as a potential 

commitment mechanism, thereby eliminating any inflation bias. 

Inflation targeting has a number of drawbacks, too, especially in the area 

of monitoring and implementation. An inflation target may be difficult to 

implement as it constitutes only an operating target, i. e. one over which 
the monetary authorities have limited control. There are a number of 

reasons that explain why control over inflation is imperfect. These 

include long and variable lags in the effect of monetary policy on future 

inflation, making decisions on current instrument setting difficult. Other 

influences can disrupt the relationship between monetary policy and the 

inflationary outcome during this gestation period. This lack of control 

also makes it difficult to monitor and evaluate performance. 

20 Most notable is New Zealand's arrangement whereby the governor of the central bank is 

removed from office if the inflation target of 0-2 per cent is not met. 
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However, Svensson (1996). using an optimising framework, shows that 

inflation targeting implies inflation forecast targeting and, hence, the 

central bank's inflation forecast becomes an intermediate target. This 

convenient feature resolves some of the drawbacks discussed above. 
Given this link, the central bank's inflation forecast can be regarded as 
the ideal operating target because, it is by definition that current 

variable most correlated with the goal. Moreover, it adds to transparency 

and is simple to grasp. These features are compelling and go some of the 

way in explaining its recent popularity. 

There is one important distinction to be made in our context, namely 
that of strict versus flexible inflation targeting. The former sets the 

weight on output gap stabilisation equal to zero, hence only inflation 

enters into the loss function to be optimised. Under the flexible 

alternative, however, there is a positive weight on output gap 

stabilisation and, therefore, both inflation and the output gap feature in 

the relevant loss function. When a positive weight on the output gap is 

present, Svensson (1996) points out that the monetary authority should 

adjust the conditional inflation forecast gradually towards the long-run 

inflation target. The intuition behind this stems from the optimisation 

result that this will reduce output gap fluctuations. In fact, Svensson 

finds that a more general rule holds, namely that the higher is the 

weight on output gap stabilisation, the slower should be the adjustment 

of the conditional inflation forecast towards the long-run inflation target. 

3.2.4 Flexible inflation targeting 

Flexible inflation targeting, used in the Taylor Rule, sums inflation and 

real output measured relative to some sort of trend or reference value. 
Hence, the Taylor Rule explicitly acknowledges central banks' twin 

objectives of long-run price stability and short run stabilisation of output 

around its long run trend. The latter objective is only to reduce 
fluctuations in output and employment, not to alter their average long 

run levels. The only objective for the long run pertains to price stability, 
however the stabilisation of real economic activity remains an important 

short-term goal for many central banks. The desire to achieve both these 

goals inevitably raises the question as to which should take precedence 

at any moment in time. 
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In considering the choice among the various operational targets, a 

straightforward approach involves selecting the target that corresponds 
best to the policymaker's social objectives that can be influenced by 

monetary policy. A priori, this points to the hybrid measure as the 

appropriate target. 

However, in practice, there appears to be some degree of consensus 
among the central banking community that price stability should 
represent the main macroeconomic objective of a central bank21. This 

suggests that the hybrid measure has been somewhat neglected, in 

practice. There appear to be some compelling reasons for this 

development. 

First, it rests on the notion that, in the long run, the inflation rate is the 

only macroeconomic variable that monetary policy can affect, i. e. the 

natural rate hypothesis. While higher inflation may lower unemployment 
for short periods, via the Phillips curve trade-off, in the long-run, only 
the inflation rate is affected by expansionary monetary policy while 

output and unemployment return to their normal or "natural" rates. This 

means that there is no long-run trade-off between inflation and 

unemployment. 

Second, measuring trend output22 needed for the hybrid measure is 

difficult and controversial. It necessitates more knowledge about the 

economy than the other measures. We return to these measurement 
issues in Section 4.3. 

3.3 Choice of instrument 

Instruments of monetary policy fall into two basic categories: aggregates 

such as the monetary base or the stock of bank reserves and short-term 
interest rates. Either qualifies as an instrument since either can be 

controlled with precision in the short-run by the monetary authority and 

each is causally linked to output and prices. 

21 Among actual central banks that have adopted formal numerical targets, virtually all have 

opted for inflation targets (as of 1997). 

22 Note that measurement errors pertaining to the measurement of y, trend output. are 

expected to be larger than those related to measuring the long-term average value of Ay 

which is needed to construct the GDP growth operating target. 
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The prevailing view among economists is that the nominal overnight rate 
in the inter-bank market for reserves is a national monetary authority's 

central policy instrument23. This is substantiated by the fact that almost 

all central banks utilise some short-term interest rate as their policy 
instrument. 

At the broadest macroeconomic level, Poole (1970) analysed the 

monetary policy control problem by comparing the alternatives of direct 

control over the interest rate and over the stock of money in order to 

target nominal income. Poole's seminal paper was set within an IS-LM 

framework. In his model, the money supply is exogenous, credit markets 

are absent and the linkages between the financial and real sectors are 

restricted to the influence of the rate of interest on investment and the 

influence of income on money demand. It shows that the choice between 

the two alternatives depends upon the coefficients characterising the IS 

and LM curves, respectively, and on the joint distributions of the 

structural disturbance terms in both equations. Large LM shocks 

militate in favour of targeting interest rates while the existence of large IS 

shocks suggested the use of money supply targets. 

On the empirical level, some guidance exists concerning the coefficients 
in the IS-LM framework in order to guide the choice between the use of 

money supply targets and the interest rate alternative. Empirically, 

doubts have been cast upon the stability of the velocity of monetary 

aggregates. In the 1990s, instabilities in estimated LM curves in various 

countries were observed, which questioned conventional wisdom that 

money and nominal income were co-integrated24. Hence, the case for 

targeting money aggregates as a policy instrument was undermined. This 

eventually led to central banks targeting short-term interest rates, just 

as Poole (1970) advocated in the case of an unstable LM curve. The Fed 

gradually reverted to the Federal funds rate as its instrument after 
August 1982, thus downgrading the policymaking significance of 

monetary aggregates growth rates. 

23 This is confirmed by Blinder (1998). Chapter 2; Bernanke & Blinder (1992). Bernanke & 
Mihov (1997) and Goodfriend (1991). 

24 To be precise, the failure to reject the no co-integration hypothesis between nominal GDP 
and any of the Federal Reserve's three official definitions of the money supply applied to 
all data samples that included the 1990s. 
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The view that using a monetary base instrument would result in more 

variability of short-term interest rates than is experienced under 
interest-rate instruments and short-term interest rate smoothing, as 

propounded by Goodhart (1994), is generally accepted. However, 

McCallum has expressed doubts that this outcome would represent a 

significant welfare loss to society. McCallum (1997) runs a number of 

counterfactual simulations of the US economy and finds that, in terms of 
deviations of actual from target values, a monetary base instrument 

performs more effectively on the macroeconomic level. This begs the 

questions as to why almost all central banks utilise some short-term 
interest rate as their policy instrument. McCallum offers a number of 

explanations. First, central bankers may cater to financial communities 

who dislike interest rate variability. Second, he shows that, given the 

prevalent views about the (dominant) elasticity of the interest rate lag in 

the base money demand function, the use of a base instrument would 

result in an explosive system. He argues that, in practice, these beliefs 

are not justified. Finally, to prevent financial crises that result in a 

sharply increased demand for base money, a central bank needs to 

supply base money abundantly in times of stress. Interest rate 

smoothing automatically allows for this and, hence, if smoothing is 

practised, the interest rate becomes the natural policy instrument. 

The preceding discussion has shown that many issues concerning 

monetary policy conduct are still unresolved and further research is 

warranted. 

For the remainder of this chapter, we assume the choice of an interest 

rate instrument and the hybrid measure for the operating target, as 
incorporated in the Taylor Rule. 

3.4 The Taylor Rule 

Taylor (1993a, b) first proposed his rule that central banks set the short- 
term nominal interest rate (federal funds rate) by taking into account the 

sum of the following four (historical) terms: 
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Equation 3: 1= r+n+ alv + a?. 
(n 

- 7i 

where i denotes the nominal overnight inter-bank rate of interest2&. The 

right-hand side is just a specific form of the hybrid operating target, 

discussed above. The output gap26 is denoted by v and it is the inflation 

rate, taken to be the rate over the previous four quarters as a proxy for 

expected inflation. Weights ai denote those attributable to deviations of 

output and inflation from their respective trend and target and a star as 

a superscript refers to a variable's target value. The aj show the relative 

weights given to output stabilisation versus inflation. The third term 

refers to the deviations of the current rate of inflation from its target. In 

equilibrium, it =n and v=0, so, by definition, the nominal equilibrium 
interest rate will equal the sum of the real short rate, F, implied by 

neutral monetary conditions and the expected rate of inflation. 

This interest rate rule contains feedback components that specify how 

the interest rate is adjusted when deviations in inflation from target and 

output from trend occur. When output is above trend and inflation is 

below target, the rule dictates a tighter than neutral monetary stance. 
The rationale underlying the rule is that output above trend and prices 
below their respective pronounced target level are both suggestive of 
future inflation. 

There are two important distinctions to be drawn in the context of this 

model. The first is between the short- and the long run interest rates: the 

second is between real and nominal quantities. One basic assumption of 
the model is that any expectations theory of the term structure holds. 

This theory links long rates to short rates. 

In terms of the real and nominal distinction, Blinder (1998) argues that, 

in the short-run, Inflationary expectations are sluggish so the Fed can be 

reasonably confident that short-run changes in the nominal short rate 

signify changes in the real short rate. In the long run, the monetary 

authority must choose its nominal rate to ensure that the real interest 

rate achieves its Wicksellian neutral real rate (NRIR). This is the rate that 

25 The relevant nominal short-term interest rate is sometimes taken to be the three-month 
Treasury bill rate, for example Judd & Motley (1992). 

26 The output gap here is defined as the percentage deviation of real GDP from trend real GDP. 
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equates GDP along an economy's steady state IS curve to potential GDP. 

When the real rate is below its neutral level, aggregate demand will 

eventually exceed potential GDP, leading to higher inflation. The opposite 

will be true for a real interest rate below its neutral setting. 

This means that neutrality is defined by the control of inflation. Neutral 

monetary policy is taken to mean one that is consistent with constant 

inflation in the medium run. A higher real rate constitutes tight money 

that will imply falling inflation and vice versa. Since this neutral real rate 

is difficult to estimate with precision, it is a concept rather than a 

number that guides policy-making. 

3.4.1 Methodological issues 

A Taylor Rule formulation is appealing from both a positive and a 

normative perspective of central bank behaviour27. This is reflected in 

the distinction between "instrument rules" and "target rules" in the 

language of Svensson (1997). 

A reflection of the former is the original analysis undertaken by Taylor 

(1993a, b), which specifies a period-by-period setting of a controllable 

policy instrument, as given by Equation 3 above. This reflects the 

hypothesis that the central bank would (whatever its model and 

objectives) achieve satisfactory results if it were to implement this rule. 

A number of studies confirm that this rule appears to mimic central 

banks' actual behaviour with considerable accuracy over a variety of 

countries. For example, Taylor (1993b) finds that the rule in Equation 3, 

using ai = 0.5, n' = 2, r=2 and actual inflation to approximate expected 

inflation, fits the actual policy performance adequately. Hence, he 

concludes that 

In this sense the Fed policy has been conducted as if the Fed had been following a 
policy rule much like the one called for by recent research on policy rules. 

Also on the empirical level, Clarida & Gertler (1996) find that the 

German Bundesbank follows a sophisticated version of this rule. 

Moreover, Davies et al. (1996) show that German and Japanese three- 

month rates have tracked the simple Taylor rule closely in the past ten 

27 For a review of recent literature on the positive and normative analyses of central bank 

behaviour on the part of the central bank, see Clarida et al. (1999). 
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years. Stuart (1996) finds that actual policy in the UK over the eleven- 

year period under study, 1985 to 1996, followed the Taylor rule quite 

closely. Peersman & Smets (1998) find that monetary policy by the 

Bundesbank and more recently in the eleven EMU countries can be 

described by a Taylor rule with interest rate smoothing. Gerlach & 

Schnabel (1998) reinforce these results. 

Similarly, US policy followed the rule with two notable exceptions: in 

1986, after the oil-price collapse. rates were kept too high, while in 1992- 

3, the Fed held rates down to support the banking sector. This suggests 
that only under specific, exogenous circumstances may it be necessary 
for central bankers to deviate from this rule. 

It is also possible to approach the Taylor Rule from the normative 

perspective. If it were possible to establish an appropriate specification of 
the ultimate monetary policy aims, it would be possible to derive the 

optimal monetary policy. Subsequently, it would be possible to assess 

whether or not the central bank is keeping to these normative 
benchmarks. 

Svensson (1996,1998b), Bernanke & Woodford (1997), Ball (1997) and 
King (1997) show that approximate forms of the Taylor Rule are optimal 
for a central bank with a quadratic loss function in deviations of inflation 

and output from their respective targets. What is meant by a "target 

rule" is that the central bank is assigned to minimise a loss function that 

is increasing in the deviation between a target variable and the target 

level for this variable. The target rule implies an implicit instrument rule, 
in the sense that it yields such an instrument rule (very similar to the 

Taylor Rule) from its first-order maximisation conditions. 

This result applies to generic (Keynesian) macroeconomic models with 

price inertia. The salient features of such models are that inflation and 
the output gap react with a lag to changes in the interest rate. Moreover. 

inflation reacts with a longer lag than the output gap and that a 

stochastic persistent natural rate level of output and other exogenous 

variables also play a role in the model's dynamics. Normative values for 

operating "target rules" are obtained by optimal control exercises on the 

basis of a designated model and objective function. The specification of 
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such a target rule amounts to the selection of a model and an objective 
function. 

However, the main problem in obtaining normative results is that there 

is no consensus on what the exact model specification should be. A 

number of questions arise in this regard, for example, what should the 

normative values be? Should they change over time? How heavily should 
the variability of output be weighted in relation to the inflation criterion? 
Should the variability of output be defined relative to capacity or to 

consumption and, in the former case, how can this be measured? 

So, while these are optimising models, specified at the level of 
individuals' utility and production functions, the answers to the above 
questions are still a function of the specification of the optimal control 
problem. Hence, in the absence of agreement with regard to the 

appropriate model specification, it follows that no consensus can be 

reached about the precise policy alms that could constitute normative 
benchmarks from which to assess policy. 

Another problem arises on the empirical front. While its quantification 
would serve the useful purpose of providing a check on monetary policy, 
operationally specifying the Taylor rule presents some complications28. 
An obvious problem that emerges in practice is that the levels for neutral 
short rates vary substantially across economies. It would appear that 

differences in the public sector debt ratios and in the degree of liquidity 

of financial markets, which result in different risk premia on short- and 

long-term interest rates over the cycle, are helpful in explaining some of 

these observed differences. 

There are two main ways to estimate the (Wicksellian) neutral real rate. 

The first entails using a full macroeconometric model29. Alternatively, it 

is possible to compute the average ex post real rate over a historical 

28 The problems involved in measuring the output gap were discussed by Bank of England 
(1994) and by HM 71reasury (1996). 

29 See Bomllm (1997) who uses the MPS model to compute a quarterly time series of the 

neutral real federal funds rate based on a similar concept. Bomllm allows for random 
shocks to affect the neutral rate, whereas the definition used here and employed by 
Blinder (1998) sets shocks equal to zero. The resulting difference is that Bomßm's time 
series is rather volatile across quarters. He finds an average rate of 2.8% for the 1990s. 
Note that for Blinder's own estimates, he uses the four-quarter trailing rate of change of 
the deflator for personal consumption expenditures. 
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period. This is based on the assumption that random shocks average to 

zero over time and other transitory phenomena fade. The drawback of 

this approach is that a selected historical sample may, in fact, be 

unrepresentative. 

As a guideline, Blinder (1998) recommends data which encompasses 

thirty to fifty years in order to perform these computations. He obtains 

estimates for the US neutral real rate that range between 1.75 and 2.25 

per cent. In practice, this rate is calculated on a regular basis by central 
banks and defines the neutral policy setting. 

To define the neutral short rates for the G7 countries, Davies et al. 

(1996) look at the actual levels of real short rates over the last decade 

and adjust these according to whether monetary conditions are judged to 

have been tight or loose over this period. The main basis for this 

judgement was the behaviour of trend inflation over the period under 

study. A decline in this variable was taken to mean that monetary 

conditions were tighter than neutral. 

Even if estimates could be made with precision, there may be other 
information used by a central bank to set monetary policy. For example, 
Davies et al. (1996) find that exchange-rate movements explain much of 
French and Italian monetary policy, making the Taylor rule a poorer 
guide for those countries. It is not surprising that for countries in which 
exchange rate targets are given priority over domestic considerations, the 

Taylor Rule does not explain interest rate changes adequately, especially 
in the short-run. In this case, much less correlation is observed between 

the path of actual interest rates and the optimal path implied by the 
Taylor Rule. 

However, they stress that, even in cases where exchange rate 
considerations enter monetary policy, the Taylor Rule can be used to 

make rough normative assessments about domestic monetary policy. 
Moreover, when assessing whether the Taylor Rule serves as an 
econometric reaction function that formally explains central bank 
behaviour, they find that the main variables included in the Taylor Rule 
do have significant effects on central bank policy. There may also be a 
role for monetary aggregates but. in most cases, they find that there is 

no role for the exchange rate. 
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4. SPECIFICATION OF THE MODEL 

4.1 Baseline hypothesis 

We begin by describing the model used by Clarida & Gertler (1996), 

Clarida et al. (1998b). In each period, the monetary authority sets a 

target for the nominal short rate, (�based on the observed state of the 

economy. In the baseline case, Clarida et al. (1998b) take this target to 

be a function of the expected rate of inflation and of output: 

Equation 4: it =i+ ßl (E[7c+kjIt] - 
)+ ß2E[vc+gIIt] 

where 7tt+k denotes the annual inflation rate for time t+k (in period t) and 

k is the horizon of the inflation forecast; 7t' is the inflation target and 

v, +q is a measure of the average output gap for period t+q in period 00. 

The output gap is defined as the percent deviation between actual GDP 

and the corresponding target (or the log difference). E denotes 

expectations and It the information set available to the monetary 

authority at time t. By construction, i is the desired nominal rate when 

both desired and actual values for inflation and output are equal. The 

betas are the policy feedback parameters that indicate the strength of 

the policy response for a given deviation of the inflation forecast from its 

target and of actual output from its trend value, respectively. 

It is well known that there is a lag between the enactment of monetary 

policy and its effects on inflation and output. In principle, by its choices 

of k and q, the monetary authority can embody these transmission lags 

automatically. However, in practice, there is considerable debate as to 

what constitute appropriate time lags for these variables. 

This rule incorporates a forward-looking dimension, a specification that 
has been used extensively in recent years31. The forward-looking rule 

nests the Taylor rule as a special case: if either lagged inflation or a 
linear combination of lagged inflation and the output gap Is a sufficient 

30 Note that since current time GDP is not known as of the time the interest rate is set in that 
period, this excludes current period GDP. 

3' See Clarida & Gertler (1996). Clarida et al. (1998b), Haldane & Batini (1998) and McNees 
(1992) for examples of forward-looking specifications. 
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statistic for forecasting future inflation then Equation 4 collapses to the 

Taylor rule. Another attractive feature of incorporating a forward-looking 

dimension is that it allows the monetary authorities to consider all 

information available, not just lagged inflation and output when setting 

the instrument. Finally, this forward-looking rule appears to reflect 

actual behaviour. Some countries have adopted inflation targets directly 

by basing monetary policy on explicit inflation forecasts. Also, central 

bankers have taken the view that policymakers cannot avoid looking into 

the future. For example, Alan Greenspan remarked in his Humphrey- 

Hawkins Testimony in 1994, 

The challenge of monetary policy is to interpret current data on the economy and 
financial markets with an eye to anticipating future inflationary forces and to 
countering them by taking action in advance. 

The rule in Equation 4 can be rewritten as: 

Equation 5: rt =F+(01 -1)(E[7tt+klIt] - 71*)+ ßtE[vt+q ! t] 

where rt = i; - E[ltt. t+kIIt 
] and r is the long-run equilibrium real 

rate of interest, determined by purely real (non-monetary) factors. 

This equation shows that if 13 > 1. the target real rate adjusts to stabilise 

inflation. Hence, a real interest rate rule characterised by values for ßl 

less than unity will be destabilising. The sign of 12 must take a positive 

value so that the real interest rate rises when inflation exceeds its target 

or output exceeds its trend value. In other words, the authorities raise r 

more than they expect 0 to rise. 

So far, the model has assumed simultaneous adjustment of the actual 

rate to its target level. However, empirical considerations suggest that it 

may be necessary to incorporate interest-rate smoothing, a feature that 

could be regarded as characterising central banks' behaviour32. 

Explanations put forward for interest smoothing have included the fear 

of disrupting capital markets and the resulting loss of credibility from 

sudden policy reversals33. Second, the above specification assumes that 

changes in interest rates across time are endogenous. Third, the 

32 Goodfriend (1991) and Rudebusch (1995) present evidence in support of the serial 
correlation of interest rate changes. 

33 See Williams (1997). Sack (1997) and Goodfriend (1991). 
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monetary authority is assumed to have perfect control over interest rates 

through open market operations. 

Interest-rate smoothing is assumed to follow: 

Equation 6: it = (1- p)it + pit_1 + ut 

where pE [0,1] is the interest-rate smoothing parameter and u 

represents a zero mean exogenous interest rate shock. Short-run real 

interest rates are thus determined by a weighted combination of lagged 

and equilibrium (target) interest rates. The error term may reflect either 
the monetary authority's failure to keep the interest rate at the optimal 
level prescribed by the rule or, alternatively, deliberate deviations from 

the prescribed level to respond to particular shocks. 

Equation 4 is inserted into Equation 6 to yield: 

Equation 7: it=(1-p)li+01(Elnt+kIItl-ni )+ 02E[vt+gIIt]}+pit-1+1)c 

The term in the curly brackets is the target interest rate of the central 

bank, which is a function of current or expected values for inflation and 
for the output gap, given in Equation 4. However, in order to estimate 

this equation econometrically, it is necessary to replace the expected 

variables with observable values. 

To do this, we turn to the important issue of how expectations are 

modelled. Expectations about future variables have key roles to play in 

economic decision making. Our model assumes rational expectations 

which asserts that economic agents should not make systematic 

mistakes in forecasting the future. Whatever expectations scheme is 

chosen, of key importance for the economics of the model are the 

forecast horizon, the dating and content of the information set used in 

making the forecast and the relationship between the forecast error and 

the information set. 

The basic axioms underlying the rational expectations hypothesis have 

crucial implications for the estimation procedure. We review them here. 

In a rational expectations model, it is assumed that the structure of the 

relevant economic system is such that there exists at time t-1 a unique 

mathematical expectation of the value of the variable at time t. Rational 
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expectations postulate that agents possess complete knowledge of the 

economic system and put this knowledge to the best possible use when 

forming their expectations. A forecast error arises because actual and 

expected values of the variable do not perfectly coincide. 

In order for expectations to be rational in the sense of the rational 

expectations theory, this forecast error must satisfy certain properties. 

First, forecasts are unbiased on average, with constant variance. Second, 

successive (one-step-ahead) forecast errors are uncorrelated with each 

other and with the information set used in making the forecast. 

If this were not the case, it would imply that the economic agent has not 

used all the available information in making his forecast. Since, by virtue 

of the rational expectations hypothesis, all available information is 

incorporated into the value of the forecast, this implies that the error 

term must be uncorrelated with the forecast. In fact, the prediction error 

must be totally random in the sense that the forecaster is unable to 

predict what it will be. This means that it cannot be serially correlated, 

otherwise, it would be possible to predict future errors from past errors. 

The underlying assumption of rational expectations has implications for 

how we estimate Equation 7 of our model. There are two main 

procedures for estimation. We choose the so-called errors in variables 

method (EVM) of estimating structural equations assuming that agents 

hold rational expectations. The EVM entails replacing the unobservable 

expectational operator by its realised value. This method is a form of 

instrumental variable or two-stage least squares approach. Under 

rational expectations, the unobservable expectations variable is 

determined by the full relevant information set It. By contrast, in the 

EVM, a subset of the true information set, At It is sufficient to obtain 

consistent estimates. This estimation procedure was first developed by 

McCallum (1976), with applications in Cuthbertson & Taylor (1986, 

1988) on the demand for money. 

An alternative procedure is to use auxiliary equations (such as 

extrapolative predictions) to generate a suitable proxy variable for the 

unobservable expectations series. This gives rise to two-step procedures. 

This involves, for example, estimating the actual variable as a function of 
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past variables, both of itself, say, and of other past exogenous variables. 

With estimates of these coefficients, we can obtain a prediction of the 

variable and use this, instead of its expectational value, to estimate our 

Equation 7. This procedure is equivalent to the generalised instrumental 

variable estimation, replacing the variable with its lagged values as well 

as lagged value of the exogenous variables. The resultant estimators will 

be consistent. 

Returning to our model, we apply EVM estimation. Equation 7 can be re- 

written, eliminating the expectational operators for the purpose of an 

estimable empirical specification as a function only of the realised 

variables, so: 

Equation 8: it = (1 - p){i - ß17i + 017lt+k + 12 Vt+q I+ Pic-I + £c 

where 

Equation 9: ct = (1- p){ (31(E[7 t+k 
IIt ]- 7Ct+k )+ 32 (E[ve+q I! 

t 
J Vt+q )}+ ut 

In Equation 9, the error term Ft a linear combination of the forecast 

errors within the curly brackets and the exogenous lid. disturbance ut . 

Let At denote the vector of variables which lies within the policymaker's 

information set, At c It. The rational expectations axioms imply that the 

one-step ahead rational expectations forecast error is white noise and an 

innovation, conditional on the complete information set It and is 

orthogonal to a subset of the complete information set. This 

orthogonality condition implies that E[st+jIAc]= 0, j =1,2,.. c since all 

the multi-period forecast errors are independent of the information set I, 

and orthogonal to At. 

There are two basic problems when estimating structural (single) 

equations involving expectations terms by the EVM. First, the k-step 

ahead rational expectations forecast errors (k>1) are serially correlated 

and are MA(k-1). The assumption of rational expectations in this model 

causes the immediate problem of serially correlated errors for k>1 and, 

hence, some kind of generalised least squares estimator must be used to 

correct for serial correlation, in order to ensure efficiency of estimation. 
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An additional problem arises because the available data are measured 

with error. In this case, the regressors will be correlated with the error 
term and some form of generalised instrumental variables estimator is 

required to produce consistency and asymptotic efficiency. The 

orthogonality property between the rational expectations forecast error 

and the information set is frequently used in finding a suitable 
instrument set. 

In practice, corrections for these problems can be obtained by applying 
either the Hansen-Hodrick generalised method of moments (GMM) that 

corrects the covariance matrix to take into account the serially correlated 

errors, or the two-step, two-stage least-squares estimation procedure. 
Both these rely on asymptotic results34. 

4.2 Additional variable inclusion 

When identifying a central bank policy reaction function, a choice needs 
to be made concerning the information set to which the central bank 

responds. While the central bank may have a primary goal of stabilising 
inflation and output, it usually will also want to take into account a 
broader set of information than simply inflation and output. Additional 

information may be useful for forecasting future inflation or future 

output. The monetary authorities may also want to make use of 
intermediate targets such as the exchange rate or the money supply 

either because current inflation or output cannot be directly observed or 
because of the need for a commitment device. Examples of possible 

additional variables include commodity prices or the exchange rate. 

As mentioned in Section 3.2.1 above, central banks may pursue 

monetary policy with the view to maintaining a fixed exchange rate. 
Exchange rates might plausibly enter the rule specification 
independently, as their direct inclusion might contain additional 

information for the forecasting exercise, over and above the information 

on exchange rates already contained in the output gap and inflation 

terms of the equation. 

For more detail on these methods. the reader is referred to Hansen (1982) and Cumby et al. 
(1983). 
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From a positive perspective, the inclusion of additional relevant 

variables, denoted T. into the "target" specification (given in the curly 
brackets in Equation 7) yields an augmented target of the form: 

Equation 10: it =1+(31(E[7ct+ktIcl-n 
)+ß2E[Vt+q(It1+ß3E[%IIc1 

Assessment of the statistical significance of the new variable(s) would 
then proceed along the usual lines. The potential relevance of alternative 

variables such as real exchange rates, foreign interest rates and the 

money supply can be assessed in this way. 

However, from a normative perspective, the exercise of including 

additional variables is far less straightforward. 

4.3 Empirical specification 

The national monetary authority's control instrument was taken to be 

the national discount rate, as this was the only widely available interest 

rate. In certain cases, where available, national data that tracked the 

monthly average of the inter-bank rate for reserves was used. For each of 
the five countries, there were a number of different interest rates and 
industrial production indices that were tested. 

For all countries, annual inflation (INFL1) was derived from the 

consumer price or retail price index (where available). It Is calculated as 
the log difference of the consumer price index (denoted opt) in the 

current time period relative to the entry twelve months prior to the 

current period, i. e. pct = [1og(cpit) - log(cpit_12)] . This loses twelve 

observations. The monthly rate of inflation (INFL2) was calculated as 

pct = [1og(cpit) - log(cpit_1)]. 

The estimation of the output gaps is described separately in Section 

4.3.1. 

Data for all five countries was procured from the on-line database 

"Datastream", as well as from individual country sources35 and the 

central bank web pages36. As figures for GDP were not available on a 

monthly basis, we resorted to using a national monthly index of 

35 See Footnote 1. 
36 See http: //www. bis/org/cbanksl. htin. 
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industrial production. In most cases, there were a number of indices for 

industrial production37 from different sources38. 

The sample period chosen varied from country to country. We follow 

Fischer et al. (1996) in setting the starting dates for reform in four of the 

countries studied. These were June 1992 for Estonia, March 1990 for 

Hungary, January 1990 for Poland and February 1992 for Slovenia. In 

the Czech case, although reforms began39 in January 1991, due to data 

constraints, we have opted to begin the analysis in January 1993 when 
they separated from the Slovak Republic. 

For the Czech Republic, we perform regressions with a combination of 

three interest rates and two measures of the output gap. The interest 

rates we look at are the Prague inter-bank overnight rate (middle rate), 

abbreviated to R1, the Czech discount rate (112) and the lending rate 
(R5). 

For Estonia, we perform our analysis using three interest rates and one 

measure of the output gap. The interest rates are the lending rate (Ri), 

the deposit rate (112) and the (weighted average) interbank deposit rate 
(R3). For Hungary we take three measures of interest rates, the T -bill 

rate (RI), the discount rate (112) and the lending rate (R3). 

In the case of Poland, we initially considered three measures of the 

interest rate: the re-discount rate (R4), the money market rate on 

interbank deposits of up to one month (R7) and the Treasury bill rate 

(R8) and two measures of the output gap. 

Estimation for Slovenia includes two interest rates, the discount (RI) 

and the deposit (R4) rate and two measures of the output gap. 

37 A priori preferences of one over another series could not usually be made, so that the most 
complete ones were picked. 

38 Sources for the Czech Republic. Hungary and Poland were Datastream national accounts 
statistics, and Vienna's WIIW Institute's monthly listings. Data for Estonia and Slovenia 

were from the OECD main economic indicators and the transition economies short-term 
economic indicators series. In addition to these, the International Monetary Fund's 
International Financial Statistics database also provided statistics of CPI indices, 

unemployment rates, exchange rates, etc. 
39 According to Fischer et al. (1996). 
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4.3.1 The output gap 

Prior to estimating our equation, the immediate concern is to find an 
appropriate measure of the output gap, v,. the difference between actual 

output and some measure of potential, "trend" or "equilibrium" output40. 
Common proxies for the output gap include de-trended GDP or 

unemployment. It is important to stress that underlying this concept of 
the output gap is the assumption that output has a deterministic 

trends 1. 

In most advanced economies, the trend level of output is growing over 
time and is determined mainly by productivity growth. Changes in the 
labour market can also affect particular periods, for instance if there is a 

change in the participation rate or in the non-accelerating inflation rate 

of unemployment (NAIRU) or the natural rate of unemployment. 

In considering the output gap, it can be useful to distinguish short-term 
from longer-term potential capacity that results once the supplies of 
factors of production have adjusted to their desired levels42. The short- 
term output gap measures the difference between actual and trend or 

equilibrium output when capital stock is invariant. The equilibrium level 

of output in the short term is that level at which the margin of spare 

capacity is just sufficient to keep cost pressures in check. The size and 

productivity of either the capital stock or the labour force, whichever is 

the tighter of these constraints, determine the short-run equilibrium 
level of output. 

In the long run, once the factors of production have adjusted to demand, 

equilibrium output is the level consistent with full employment of the 

effective labour supply. In this case, the binding constraint on output is 

the effective supply of labour under full market-clearing wage conditions. 

40 Some economists prefer the concept of equilibrium output rather than trend output, so as 
not to imply that there is a particular trend rate of growth that will be constant over time. 

41 On the other hand. it is entirely possible that output is a non-stationary series and has a 
stochastic trend that is not mean-reverting. On this, see e. g. Blanchard & Fischer (1989). 

42 According to HM Treasury (1996). some economists do not think that this is a useful 
distinction. This is because of the held view that inflation is affected by the change in 
output as well as by the output gap. Other economists believe that there is no harm in 
ignoring cyclical changes when calculating the output gap as these are regarded as both 
small and difficult to identify. 
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The long-term output gap measures the difference between actual and 
trend or equilibrium output when human and physical capital can vary. 

Since short-term equilibrium output is constrained by the stock of 

physical capital, it is lower than long-term equilibrium output. This 

implies that real wages and employment levels are below their long-run 

levels, too. In the long run, physical and human capital adjust towards 

their desired levels and equilibrium output will converge to its long run 
level, resulting in higher employment and real wage growth. 

The relationship between the output gap and inflation is complex. 
Generally, inflationary pressure will tend to fall when actual output is 

below trend or equilibrium output43. Under these circumstances, the 

output gap would represent a guideline for monetary policy. However, 

the size of the output gap is not always a reliable indicator. For example, 

a small output gap might be the result of a supply side adjustment to 

the productive capacity in a flexible economy. The observance of a small 

output gap would dictate monetary tightening, although, under these 

specific circumstances, the opposite reaction would constitute the 

appropriate response. 

Another problem with the relationship between the output gap and 
inflation is that it is not unique. In practice, inflation affects the 

domestic economy and impacts on output. 

The inflation-reducing effect of an output gap may also be offset by the 

effect of inflationary output growth. When output is below its trend or 

equilibrium, it may not always be that inflationary pressures are falling. 

In fact, it is likely that the economy will be constrained in the speed by 

which it can close the output gap without running into supply 

constraints that induce inflation. This suggests that there is a 

relationship between changes in inflation and both the level of and the 

change in the output gap. Slower adjustment might allow investment 

that would be associated with a lower inflation rate than in its absence. 

43 Monetarists do not think that there is a strong relationship between the output gap and 
inflation. They argue that the latter is determined by monetary conditions. a process 
which emphasises the role of inflationary expectations and expectations held about the 
monetary authority's policy reaction. Bouts of unexpected monetary contractions will 
widen the output gap and, hence. inflation. However, this effect on inflation is a once-off. 
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Our chosen method for statistical trend extraction techniques is the 

Hodrick & Prescott (1997) filter. This approach fits a trend through all 
the observations of real GDP, regardless of any structural breaks, by 

making the regression coefficients themselves vary over time. The 

formulation allows the trend to be endogenous, thereby avoiding 

structural breaks in the trend. It does not require output growth to be 

deterministic and can incorporate a stochastic growth component within 
the model. 

This method finds a trend output estimate that simultaneously 
minimises a weighted average of the gap between output and trend 

output, at any point in time, and the rate of change in trend output at 
that point in time. Benchmark output is calculated by minimising the 

fluctuations in actual output, yt, around the trend, y* t. subject to a 

constraint on the variation of the trend growth rate: 

T2 T-1 2 

Equation 11: min Yt) 
y t-1 t-2 

The sample size is denoted by T. The smoothing parameter X controls 
how smooth the resulting trend line is. A low value for this parameter 

produces a trend that follows actual output more closely, while a high 

value reduces sensitivity of the trend to short-term fluctuations in actual 

output and, in the limit, the trend converges to the mean growth rate for 

the whole estimation period. 

For monthly observations, it is set to 126,40044. However, while this 

approach only requires actual GDP observations, its major criticism is 

the arbitrary choice of X, which determines the variance of the trend 

output estimate45. 

Since any I(1) time series can be broken up into an infinite number of 

non-stationary trend and stationary cycle combinations, there is no 

Therefore. the output gap is seen only as an indicator of the scope for above-trend growth. 
rather than of inflationary pressures. 

44 See Pesaran & Pesaran (1997). 

45 The variance of trend output falls as X increases; the amplitude of the corresponding output 
gap increases with X. 
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satisfactory statistical criterion to identify which trend-cycle 
decomposition is most adequate. 

The choice of X remains a key decision. There are three possible decision 

criteria to help the choice. First, one could follow Hodrick and Prescott's 

approach by choosing a constant ratio of the variances of trend output 

and actual output. Applied across a sample of different countries, this 

approach would generate a different ?. for each country, meaning that 

countries whose actual output fluctuates more would also show greater 
fluctuation in trend. 

A second approach would impose a uniform degree of smoothness and 
the same variance in trend output for each country. 

Both these approaches suffer from the fact that they ignore the 

possibility that some countries respond with greater flexibility to 

economic shocks than others, which would affect how closely trend 

output would follow actual output. 

Another approach rests on choosing a value for X that generates a 

pattern of cycles broadly consistent with prior views about past cycles in 

each country. However, this criterion relies on judgement and is less 

transparent than the other two. 

Another drawback of the Hodrick-Prescott filter is that is has a so-called 

endpoint problem. In part this reflects the fitting of a trend line 

symmetrically through the data. If the beginning and end of the data do 

not reflect similar points in the economic cycle, then the trend will be 

biased upwards or downwards towards the path of actual output for the 

first and last few observations. This problem can be partially alleviated 
by using projections that go beyond the end of the current cycle. 

Finally, a further weakness of this approach concerns the treatment of 

structural breaks. The Hodrick-Prescott filter spreads out their effect 
forwards and backwards over several years, depending on the value of X. 

This is problematic for cases of large, discrete changes in output levels 

due to sudden demand or supply shocks, but could be regarded as 

appropriate if the structural break occurs gradually over time. 
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5. PRE-TESTING THE TIME SERIES FOR UNIT ROOTS 

Until now, the foregoing specification used by Clarida & Gertler (1996) 

and Clarida et al. (1998b) has assumed stationarity of all the economic 

time-series Included in the estimated equation. In this section, we pre- 
test the empirical validity of this assumption46. 

It is well known that when conducting econometric analyses, it is 

necessary to distinguish between stationary and non-stationary 

processes in time series analysis. While the former exhibit mean 

reversion and finite variances that do not vary with time, the latter do 

not return to a mean over the long-run and have infinite and time- 

dependent variances. This means that all deviations from the model are 

necessarily permanent. 

This distinction is important because a sequence must be stationary in 

order to apply ordinary least squares (OLS) or instrumental variable 

estimation to obtain efficient estimates of the regression coefficients and 

to determine whether these are significant or not, using standard t-tests. 

The OLS method applied to non-stationary series will result is biased 

estimates of the regression coefficients. If any of the series in a 

regression model are non-stationary (but of the same order of 

integration), using OLS can result in so-called spurious regression, 

where the estimation suggests a statistically-significant relationship 

when in fact all that is being observed is contemporaneous correlation 

rather than causal relations47. 

Whether a variable is stationary or not depends on whether it possesses 

a unit root. Hence, testing for order of integration is the same as testing 

for unit roots. 

A series, y, that is integrated of order d has a stable, invertible, non- 

deterministic ARMA(p, q) representation after differencing it d times. This 

implies that the series can be written as (1- L)d4(L)yt = O(L)Et, where L is 

46 On the empirical level. Clarida et at. (1998a) maintain that this assumption is empirically 
plausible for the post-war United States. In reviewing the normative analyses that derive 

the type of monetary policy rule used here. Clarida et al. (1997a) also show that the 

assumption of stationarity has theoretical appeal. 

47 See Nelson & Kang (1984) on spurious regressions. 
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the lag operator and e is stationary. O(L) and 0(L) refer to polynomials in 

the lag operator, given by «(L) =1- OIL-020-.. - OpL" and 

0(L) =1 + 01L + 020 + .. + OgLq, respectively. The orders of the 

autoregressive (AR) and of the moving-average (MA) components are 

written p and q, respectively. Stationarity refers to the roots of 4(L) lying 

outside the unit circle48. The condition for this to hold is given 

by (1- L)d 4(z) = 0, where z is a real variable. This equation has d roots or 

solutions of z=1. 

Stationary and nonstationary variables also differ in the nature of time 

trend that can be found in variables. While the former contain 
deterministic, fixed trends, the latter contain stochastic trends. 

We now test the series to be used in the Taylor Rule specification for the 

presence of a unit root. 

5.1 Testing for unit roots 

There are a number of ways that help to identify the possible presence of 

unit roots. We consider correlograms, the Dickey-Fuller and the 

augmented Dickey-Fuller tests and then report the results for the 

individual series across all five countries. 

5.1.1 Sample autocorrelation function 

The calculation of a sample autocorrelation function for the given series 

provides information on how much correlation there is between 

neighbouring data points in the series y,. given by pk = 
YÖ 

.k represents 

the number of lags and Yk = cov [Yt, Yt+k ] is the autocovariance 

coefficient at lag k. A plot of the autocorrelation function against k is the 

correlogram. 

Non-stationarity of a first-order process will be revealed by a correlogram 
that shows no sign of decay. In this case, the data must be transformed 

to induce stationarity. If the correlogram does not show a definite cut off, 

then a mixed process is suggested. 

as Invertibility is given if the roots of ON lie outside the unit circle. If an MA(q) process is 
invertible, then it can be written as an AR(oo) process. 
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Qualitative examination of the correlogram is an important diagnostic 

tool but does not constitute a formal statistical test. To test the joint null 

hypothesis that all the autocorrelation coefficients are zero we us the Q 
k 

statistic introduced by Box and Pierce, given by g= TE I5 22M 
xk .T 

1-1 

represents the sample size. 

This test is very approximate for k=1,2,3,4 and more precise as k 

exceeds 4. A better small sample statistic is asymptotically equivalent 

Ljung-Box statistic, given by Q= T(T + 2)ý 4? 
ý xk . 

5.1.2 Dickey-Fuller tests for unit roots 

The Dickey-Fuller (DF) test can also be applied to formally test for the 

presence of a unit root when the form of the data-generating process is 

unknown. The DF approach tests the null of a unit root agains the 

alternative of stationarity. This Rest is, however, not based on the 

standard t-distribution but on the non-standard Dickey-Fuller 

distribution. Using Monte Carlo simulations, Dickey & Fuller derived the 

distribution for the estimator that holds when p= 1, which is tabulated. 

When serial correlation in the error term is present, one may still test for 

a unit root, using the augmented Dickey-Fuller (ADF) test, which 
includes lagged changes in y,. The model to be estimated is given by the 

specification: 

Ayt = ao + alt + (P -1)yc-i + Yi1Yt-i + Ut 
Equation 12: 

U= Ec - P1£c-i 
f-1 

where ut is assumed to be white noise and p= ='p1 
. The coefficients 

to be estimated are given by the alphas, gammas and rhos. The null is 

given by p=1, the alternative purports that p<1. This specification also 

allows for moving-average components in the error term u1 . 
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The number of lags, p, is chosen by the modeller. Too few lags may 

result in over-rejecting the null when it is true (adversely affecting the 

size of the test) while too many lags may reduce the power of the test49. 

The recommended procedures for choosing the lag length is to start with 

a long lag length and discard insignificant terms until the lag is 

significantly different from zero, using for example a model selection 

criterion. This will yield the true lag length with an asymptotic 

probability of unity. Schwert (1989) suggests using the formula 

INT{12x(T/100)''4 }, where T is, as usual the sample size and INT(. ) 

stands for rounding to the nearest integer. 

Once a tentative lag length has been chosen, diagnostic checking should 
follow. This includes plotting the residuals to assess that there is no 

serial correlation and that no structural breaks are present. The 

correlogram of the residuals should exhibit white noise and the Q- 

statistic can be used to assess whether there is any significant 

autocorrelation among the residuals. 

When performing this test, it is also important to consider the inclusion 

of an intercept or trend (deterministic or stochastic) as these lead to 

different critical values for the test. To account for these, the DF 

procedure involves a sequence of tests outlined here. This involves 

starting with the most general specification and eliminating any 

unnecessary nuisance parameters such as the constant and time terms. 

The testing stops as soon as it becomes possible to reject the null of a 

unit root. 

First, it tests the null of a unit root, when p=1, against that of a trend- 

stationary process when JpJ < 1. If the null is rejected, then we conclude 

that the sequence does not contain a unit root, since unit root tests have 

a low power to reject the null. 

If the null is not rejected, one can test for the presence of a trend, i. e. 

al = 0. given that p=1, using the DF statistic given by tip, . If this null is 

49 This is because the inclusion of unnecessary nuisance parameters reduces the effective 
number of observations available. 

50 See Enders (1995). 
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rejected, one can re-test for the presence of a unit root, i. e. p=1, using 
the standard normal distribution. 

If this null is not rejected, one can estimate the equation without a time 

trend and test for the presence of a unit root using tiµ . If this null is 

rejected, then the model does not have a unit root. Otherwise, one may 
test for the significance of the constant by using the ti statistic to test 

the significance of ao = 0, given that p=1. If we reject the null, we 

proceed to test for the presence of a unit root using the standard normal 
distribution and conclude that the series either has a unit root or not. 

If we cannot reject this null, we impose ao =0, testing the null of a unit 

root, using T. If the null of a unit root is rejected, we conclude that the 

sequence does not have a unit root. Otherwise, one can conclude that it 

has a unit root. 

There are a number of drawbacks of the Dickey-Fuller tests. First, the 

modeller must choose the number of lags although the true order of the 

autoregressive process is usually unknown. Including too many lags 

reduces the power of the test to reject the null hypothesis of a unit root, 

while the inclusion of too few lags will not appropriately capture the 

actual error process. 

The main drawback of the Dickey-Fuller test is that its power is limited. 

Unit root tests do not have the power to distinguish between a unit root 

and near unit root process. Some unit root processes display finite 

sample behaviour closer to white noise than to a random walk. Equally, 

some trend-stationary processes appear more like random walks in finite 

samples. This implies a trade-off between size and power in unit root 
tests: there will be a tendency to under-reject the null when it is false 

especially when the true data generating process is nearly stationary or, 

alternatively, they will have low power against any stationary 

alternative51. 

They only allow the modeller to reject the hypothesis that a variable is 

not a random walk. This would provide only weak evidence in favour of 
the random walk hypothesis. Moreover, the Dickey-Fuller test has little 

51 See Blough (1992), p. 298. 
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power to distinguish between trend stationary processes and random 

walks with drifts. 

There is also a relationship between the frequency of observations and 
the power of the unit root tests. Shiller and Peron (1985) showed that the 

power of unit root tests depends more on the span of data than on the 

number of observations. This has led to the practice of conducting such 
tests using temporally aggregated time series rather than data at their 

available frequency of observation. However, since their paper, other 

results have emerged which question this result. In particular, Hooker 

(1993) demonstrated that increased sampling frequency typically results 
in considerable increases in power of the augmented Dickey-Fuller tests. 

This was supported by Choi & Chung (1995) who also found that using 
data with high sampling frequency can provide significant improvements 

in the finite sample powers of the augmented Dickey-Fuller tests. Most 

recently, Lopez (1997) tests the power of the ADF test when MA elements 

are present in the data generating process. He finds that the asymptotic 

power of the test is positively related to the sample size (and negatively to 

the order of the autoregression). 

5.1.3 Test results 

We pre-tested the different measures of the economic time-series across 
the five countries studied and report the results here, summarised in 

Table 3. To test for the presence of unit roots, we plotted sample 

autocorrelation functions in levels and first differences and calculated 
the Box-Pierce (BP) and Ljung-Box (LB) statistics. Further, we performed 

standard (DF) and augmented Dickey-Fuller (ADF) tests for unit roots. 
We chose p=12 for all the DF and ADF tests. 

For the rate of inflation, we used month-on-month (INFL2) and annual 
(INFL1) rates. In all cases, the annual inflation rate turned out to be 

non-stationary. 

5.1.3.1 Czech Republic 

We tested the month-on-month and annual rates of inflation, three 
interest rate measures and two measures of the output gap. 
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Inspection of the sample autocorrelation function for the month-on- 

month rate (INFL2) revealed a rapid decay, suggesting that the series 

may be stationary. Furthermore, running the DF and ADF tests on this 

series yields t-statistics for the low order specification preferred by both 

the Akaike information criterion (AIC) and the Schwartz-Bayesian 

criterion (SBC), both model selection tests, that lie outside the 

conventional critical value range for the sample. Therefore, we reject the 

null of a unit root at the five per cent significance level. 

We found that two measures of the interest rate exhibited characteristics 

of non-stationarity. Their correlograms in levels all had a long decay, 

while those in first differences declined rapidly. Correlation coefficients 
three were significant up to two orders and the BP and the LB statistics 

rejected the null hypothesis of no serial correlation. The DF and ADF 

tests suggested that unit roots were present. For R1, both the AIC and 
the SBC selected a second-order process, while for R2, the selected 

orders were four and three, respectively. All relevant t-statistics lie within 
the conventional critical value range for the sample. Consequently, we 

cannot reject the null of a unit root at the five per cent significance level. 

We conclude that RI and R2 are non-stationary processes while R5 is 

stationary. 

Both output gap measures possess characteristics suggestive of non- 

stationary processes. Their correlograms decayed slowly and both series 
had significant first- and second-order autocorrelation coefficients with 

the BP and the LB statistics rejecting the null of no serial correlation. 
The DF and ADF tests failed to reject the null of a unit root. In the case 

of OUTGAP1, the AIC and SBC selected an twelfth order AR process and 
this was significant at the conventional level. For OUI`GAP2, the AIC 

selected an eleventh-order AR, while the SBC chooses an AR(1). 

5.1.3.2 Estonia 

For Estonia, we tested the rates of inflation, three interest rate measures 

and one measure of the output gap. 

The correlogram for the month-on-month inflation rate declined 

relatively rapidly and is close to zero from the sixth lag onwards. The DF 
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and ADF test results rejected the unit root null hypothesis for all orders. 
We conclude that inflation is a stationary series. 

Correlograms for Rl and R3 declined slowly. Correlation coefficients were 

significant up to the second order and the BP and the LB statistics 

rejected the null hypothesis of no serial correlation. The DF and ADF 

tests suggested that unit roots were present in both series. For Rl, both 

the AIC and the SBC selected an AR(O). All relevant t-statistics lie within 
the conventional critical value range for the sample. Consequently, we 

cannot reject the null of a unit root at the five per cent significance level. 

We conclude that Rl and R3 are non-stationary. R2 was found to exhibit 

stationary characteristics. 

The output gap had a slowly decaying correlogram and significant first- 

order autocorrelation coefficients. The BP and the LB statistics rejected 
the null of no serial correlation, the DF and ADF tests failed to reject the 

null of a unit root. The SBC suggested a zero-order DF specification but 

the t -statistic for this order was not significant. The AIC pointed to a 
twelfth-order AR, again typical of seasonal effects. 

5.1.3.3 Hungary 

For the Hungarian data, we tested the rates of inflation, three interest 

rate measures and two measures of output gap. 

For monthly inflation, the correlogram quickly approached zero and 

appeared to decay, although there was a clear indication of seasonal 

effects. The recurrent spike on the twelfth, twenty-fourth and thirty-sixth 

lag suggested the presence of a twelfth-order moving average process. 
The autocorrelation coefficients were found not to be significant at the 

conventional level and both the BP and the LB statistics rejected the null 
hypothesis of no serial correlation at this level. However, the DF and ADF 

tests could not reject the null of a unit root for the selected eleventh- 

order process, as the t-statistic lies within the conventional critical value 

range for the sample. 

As the above results were not definitive, we performed quasi-grid 

searches on a number of selected specifications in levels and first 

differences. In all cases, the model selection criteria revealed a preference 
for the specification in levels, specifically the preferred process was 
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ARIMA(12,0,12), based on maximised log-likelihood functions. Hence, we 

conclude that inflation is stationary52 

All interest rate measures had significant correlation coefficients up to 

the fourth order. At the conventional level, the BP and the LB statistics 

rejected the null hypothesis of no serial correlation. The DF and ADF 

tests did not reject the null of a unit root. For Rl, the SBC selected a 
first-order ADF process, which was significant at the conventional level. 

For R2. the criteria showed a preference for a ninth and zero-order 

process. The relevant t-statistics lie within the conventional critical value 

range for the sample. Consequently, we cannot reject the null of a unit 

root at the five per cent significance level. We conclude that R1 and R2 

are non-stationary. R3 was tentatively classified as a stationary series. 

The output measures possessed significant first- to fourth-order 

autocorrelation coefficients with the BP and the LB statistics firmly 

rejecting the null of no serial correlation. The DF and ADF tests failed to 

reject the null of a unit root. In the case of OUTGAP1, the AIC and SBC 

selected an twelfth order AR process and this was significant at the 

conventional level. For OUTGAP2, the selected orders of the process were 

eleven (AIC) and two (SBC). 

5.1.3.4 Poland 

For Poland, we tested for the two rates of inflation, three interest rate 

measures and two measures of the output gap. 

The correlogram for monthly inflation declined very rapidly, clearly 

suggestive of a stationary process. This was further substantiated by the 

autocorrelation coefficients, none of which were significant at the 

conventional level. The BP and the LB statistics rejected the null 
hypothesis of no serial correlation. Moreover, running the DF and ADF 

tests revealed that we can reject the null at the conventional level for this 

series. Clearly, inflation is a stationary series. 

The results for the three measures of interest rates point to the presence 

of non-stationarity. The autocorrelation coefficients were significant up 

52 Note that when the MA component of a series is large and k is small. the AR approximation 
used for the Dickey-Fuller test is poor. This might explain why the Dickey-Fuller test 
failed to reject a unit root for this series. 



86 

to the third order and the correlograms decayed slowly. The BP and the 

LB statistics rejected the null hypothesis of no serial correlation. The DF 

and ADF tests did not reject the null of a unit root in the cases of R7 and 
R8. The selected orders of the AR process for R7 were four (by the AIC) 

and two (by the SBC). For R8, they were two (AIC) and one (SBC). All t- 

statistics lie within the conventional critical value range for the sample. 
Consequently, we conclude that R7 and R8 are non-stationary 

processes, at the five per cent significance level. 

Turning to R4, the path of the correlograms in levels and first differences 

very clearly suggested a non-stationary process. However, the DF and 
ADF test rejected the hypothesis of a unit root for this series. As 

mentioned above in the case of Hungarian inflation, the AR 

representation of a mixed series is poor for high order MA process, in 

particular, where k is small. Hence, we performed grid searches in levels 

and first differences and compared the values of the maximised log- 

likelihood functions, using the SBC and AIC. We found that an 
ARIMA(12,1,12) or an ARIMA(12,1,1) appeared to be the most 

appropriate specifications for this series. Hence, we conclude, 
tentatively, that R4 is non-stationary, too. 

The output measures had significant autocorrelation coefficients up to 

order four, with the BP and the LB statistics rejecting the null of no 

serial correlation. Running the DF and ADF tests yielded significant 

statistics, suggesting a twelfth-order process for OUTGAP1 and an AR(0) 

for OUTGAP2. Consequently, we conclude that we cannot reject the null 
for these series. 

5.1.3.5 Slovenia 

The correlogram for monthly inflation decayed significantly by the fifth 

lag. Only the first autocorrelation coefficient was found to be significant 

at the conventional level. Performing the DF and ADF tests prompt us to 

firmly reject the null of a unit root for this series. 

Correlation coefficients for the interest rates were significant up to the 

fourth and third orders, respectively. The BP and the LB statistics 

rejected the null hypothesis of no serial correlation. The DF and ADF 

tests could not reject the null for either series. For Rl series, both 
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criteria selected a zero-order specification. All relevant t -statistics lie 

within the conventional critical value range for the sample. For the R4, 

the AIC selected an eighth-order process while the SBC pointed to a first 

order process. 

OUTGAPI had significant autocorrelation coefficients up to the second 

order, with the BP and the LB statistics rejecting the null of no serial 

correlation. Running the DF and ADF tests yielded a seventh-order AR 

process chosen by the AIC, but this was not significant at the 

conventional level, and a first-order chosen by the SBC. For OUTGAP2, 

both criteria selected a twelfth-order AR process. Consequently, we do 

not reject the null of a unit root for either series. Table 3 provides a 

summary of the results. 
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Table 3: Summary of results of unit root tests 

Series with unit roots: 
Czech Republic R5 R1. R2 

INFL2 INFL1 
OUTGAPI, OUTGAP2 

Estonia R2 R1, R3 
INFL2 INFL1 

OUMAP 
Hungary R3 R1, R2 

INFL2 INFL1 
OUTGAPI, OUiGAP2 

Poland R4, R7. R8 
INF1.2 INFL1 

OUTGAP1, OLTMAP2 
Slovenia RI, R4 

INFL2 INFLI 
OUTGAPI, OUfGAP2 

Table 3 divides the series into stationary and non-stationary series. If we 

wish to proceed along the lines of our proposed estimation procedure, 
then the series we can use are limited to those in the first column above. 

However, a unit root process can also exhibit a structural break. When 

structural breaks are present, the Dickey-Fuller test statistics are biased 

toward the non-rejection of a unit root even though the series is 

stationary within each of the sub-periods. For this reason, we now 

proceed to test for the presence of a structural break in the series that 

were found to possess unit roots. 

The hypothesis to test is set up so that the null hypothesis represents a 

once-off jump in the level of a unit root process, while the alternative is a 

once-off change in the intercept of a trend stationary process. Hence, if 

we find apply this test to the unit root process and find that we must 

reject the null, in favour of the alternative hypothesis, this would imply 

that we can take these series to be stationary with structural breaks. 

This will have implications for our estimation procedure that we review 

with the results of the next section. 

5.2 Structural breaks in the presence of unit roots 

In this section, we review and apply the Perron test on a selection of 

univariate nonstationary series for a known break point that had an 
immediate impact on the economy (i. e. a crash) and the innovational 

outlier model that incorporates gradual changes and an endogenised 
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breakpoint. The latter procedure is tested using recursive techniques 

around suspected breakpoints. We briefly review both of these models53. 

5.2.1 Perron test 

A major drawback of unit root tests concerns the implicit assumption 
that the deterministic trend is correctly specified. A unit root test that 

does not account for a break in a series will have low power. Perron 

(1989) argued that if there is a break in the deterministic trend, then 

unit root tests will lead to a misleading conclusion that there is a unit 

root, when in fact there is not. 

If the date of the break is known, then the appropriate adjustment to the 

ADF involves including (composite) dummy variables. Perron developed a 
formal procedure to test for unit roots in the presence of a known 

structural change54. The null (Ho) consists of a once-off jump in the level 

of a unit root process, against the alternative (H, ) of a once-off change in 

the intercept of a trend stationary process55. Miese can be represented 

as: 

Equation 13: Ho : yt = ao + yt_1 + X1D1 + Et 

Equation 14: Hl : Yt = ao + a, t + X2D2 + Et 

The error et is assumed to be lid (0, a2 ). The structural break occurs in 

period t=ti+ 1. The dummy variables are defined as D1=1 for t='t+ 1 and 

zero otherwise, while D2 =1 for t>i and zero otherwise. 

Given that the residuals are assumed to be lid, Perron showed that the 

distribution of the coefficient depends on the proportion of observations 

preceding the break, i. e. b=ti/T, where T represents the total number of 

observations. The t-statistics are calculated in order to test the null of 
ýj =1 and assessed relative to the critical values calculated by Perron 

53 See also BanerJee et al. (1992) on sequential testing methods to take into account the 
possibility of a change (at an unknown date or dates) of the intercept or time trend. 

5' Note that this test pertains directly to testing for a unit root and not to testing for structural 
changes per se. 

55 Actually. Perron (1989) considered three different models that incorporated a once-off 
structural change in the trend function. The changes were of three kinds: a change in 
intercept (e. g. a crash), a change in slope (e. g. a productivity slow-down) or both. 
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(1989)56. If the null is rejected, significance tests on the remaining 
parameters may be carried out using conventional t- and F-statistics. 

5.2.2 Innovational outlier model 

The distribution theory underlying the Perron test assumed that the date 

of the change in the mean was exogenous (or uncorrelated with the 

data). 

However, the choice of these dates can be viewed as correlated with the 

data. Perron & Vogelsang (1992) derive a test procedure that explicitly 
incorporates a method to endogenise the break date. They show how to 

test for a unit root when the precise date of the structural break is 

unknown. This arises in cases where it is difficult to single out any major 

exogenous event that could have caused the change in the mean of a 

series. In this case, the use of recursive techniques for estimation and 
testing seems appropriate. 

Under the innovational outlier model, the structural change is assumed 
to affect the series gradually throughout a transition period57. There are 

a number of ways to model gradual changes following the occurrence of 

a significant shock. Perron & Vogelsang (1992) assume that the variables 

respond to the significant shocks in the same way as they respond to the 

so-called regular shocks, i. e. those associated with the stationary noise 

component of the series. 

For the innovational outlier model, the null of a unit root is tested 

against the alternative hypothesis58: 

56 See Table VI. B. p. 1377. 

67 The authors consider two types of models to accommodate sudden and gradual changes. 
namely the additive outlier model for the former and the innovational outlier model for the 
latter. We choose to focus on the innovational outlier model as, apart from the exchange 
rate regime change undergone in the Czech Republic, there were no significant exogenous 
events in our time series that we feel had a sudden and immediate impact on the series to 
question that would justify using the additive outlier model. 

58 As in the case of Perron (1989). three models are considered by the authors: one that 
permits an exogenous change in the level of the series, one that permits an exogenous 
change in the rate of growth and one that allows both changes. However, in the case of 
the innovational outlier model, the second of these is not amenable to empirical 
applications using linear estimation techniques. Here, we consider the first of these, 
changes in the intercept are our prime concern in the light of mean reversion. Also, in the 
light of the small sample size and the data deficiencies, we do not consider that applying a 
more encompassing model (such as third one) would have much added benefit. 
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Equation 15: Ho : yt = ao + Yt-1 + 4(L)(c + X1D1) 

Equation 16: Hl : yt = ao + alt + b(L)(et + ß, 2D2 ) 

The error F. is assumed to be iid (0, a2 ). The structural break occurs in 

period t=i+1. Recall that Dl =1 for t=i+1 and zero otherwise, while 

D2 =1 for t>ti and zero otherwise. The moving average representation of 

the first-differences of the data is specified by the polynomials O(L) and 

(D(L). The immediate impact of the change in the slope is X j, while the 

long-run effect is given by 4(1)X1, where i=0,1, under the null and the 

alternative hypotheses, respectively. 

What remains is to choose the truncation lag parameter, k and the 

structural break point, r. Perron (1994) and Perron & Vogelsang (1992) 

suggest two methods for selecting the structural break point 

endogenously and two for choosing an appropriate truncation lag 

parameter. 

To select the break point, we choose ti to maximise the absolute value of 
the t-statistic for testing 7X2 =0 in Equation 1659. The critical values for 

this test are taken from Perron & Vogelsang (1992). 

The procedure to choose k concerns selecting that coefficient on the last 

lag that is significant60. A maximum order for k is imposed a priori. 

Following Perron (1994), we use a two-sided ten per cent test based on 

the asymptotic normal distribution to assess the significance of the last 

lags and set the maximum k equal to ten. 

59 See also Perron (1994). An alternative procedure to select the break point involves choosing 
the value that minimises the t -statistic for testing pal. This entails estimating the 

autoregressions for all possible values of the break date T. The critical values are taken 
from Zivot & Andrews (1992). 

60 An alternative procedure for selecting k is to choose that k that minimises the Akaike 
Information Criterion (AIC). However, further analysis (see Perron. 1994. p. 139) suggests 
more confidence in the results obtained using the recursive method. Banerlee et al. (1992) 

also consider tests for the possibility of a break using recursive, rolling or sequential 
approaches. They propose calculating the ADF statistic for subsamples that increase by 

one observation until eventually the full sample is covered. with the first subsample 
running from 1 to 0.250T, where Tis the sample size. 
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5.2.3 Test results 

This section reports the results from the estimation of the Perron test 

and the Innovational outlier model for structural breaks. If any of the 

non-stationary series are found to have a breakpoint, this may invalidate 

the unit root conclusion. This would imply that one could validly apply 

conventional estimation and t-tests to assess parameter significance. 

When the break point is known, the Perron test is applied. We consider 

the so-called "crash" model where the change feeds through immediately. 

The innovational outlier model coupled with recursive estimation 
techniques is used for unknown break points that introduced gradual 

changes in the series under study. The only case we feel that can be 

argued to have both a known break point and a fairly immediate impact 

on the series is the case of the Czech Republic's switch in its exchange 

rate regime. For all other series exhibiting unit roots, we use the 

alternative gradual feed-through mechanism and endogenous changes. 

5.2.3.1 Czech Republic 

We perform a Perron test as described above, using the known break 

point in 97M5 when the exchange rate regime switched from a managed 

float to a flexible regime, hence r=53 and b=0.7. 

To implement this test, we begin by estimating the alternative 
hypothesis, given in Equation 14. The residuals of this equation are 

saved, in order to estimate the equation Et = pEt-1 + ut . We test the null 

that a unit root is present, i. e. IpI =1. If diagnostic checks reveal the 

presence of serial correlation in these residuals, it becomes necessary to 

re-estimate this equation, using the expanded specification given by81 
k 

Et =P £c-t + 81AE 1+ ut. 

The results are given in Table 4. The results confirm that we cannot 

reject the hypothesis of a unit root, despite the structural break, for the 

interest rates and the output gap measures. All t-statistics are found to 

be within the critical range defined by the critical value of -3.8. Hence, 

61 Note that since this sequence is a residual from a regression equation, there is no need to 
include an intercept term. 
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we cannot reject the hypothesis of a unit root with a once-off jump, in 

favour of a trend-stationary process with a once-off change in the 

intercept. 

Table 4: Perron test results for Czech Republic 

p s. e. (P) t-statistic 

R1 . 92372 . 05939 -1.2844 
R2 . 87676 . 084724 -1.4546 

OUTGAPI . 54274 . 19811 -2.3081 
OUTGAP2 . 59313 . 12288 -3.3111 

Perron 95% critical value62 for b=0.7 is -3.8 

5.2.3.2 Estonia 

We applied the innovational outlier model to test for R1, R2, R3 and 

OUTGAP. The results are summarised in Table 5. For RI, R2 and 

OUTGAP, we do not reject the null of a unit root with a once-off change 

in the intercept. For R3, we reject the null in favour of the alternative, a 

trend-stationary process around a once-off break. 

Table 5: Results from IOM for Estonia 

Zk It 
- statistic) 

R1 97M8 12 3.6631 

OUTGAPI 93M8 12 2.1786 
Perron & Vogelsang 95% critical value for T= 100 is -4.19. 

5.2.3.3 Hungary 

For Hungary, we do not reject the null for any of the series tested. 

Results are summarised in Table 6. 

Table 6: Results from IOM for Hungary 

T k It - statistic] 
RI 91M9 4 1.8276 
R2 93M6 9 1.2633 

OUTGAPI 91M1 14 2.8506 
OUTGAP2 92M9 9 2.063 

Perron & Vogelsang 95% critical value for T=100 Is -4.19. 
5.2.3.4 Poland 

For Poland, we test R4, R7 and both output gap measures63. We do not 

reject the null in all cases except R4. 
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Table 7: Results from IOM for Poland 

t k It - statistics 

R7 91 M5 1 1.3232 
OUTGAP 1 90M 11 14 2.2682 
OUTGAP2 91 M 12 0 2.2763 
Perron & Vogelsang 95% critical value for T=100 Is -4.19 

5.2.3.5 Slovenia 

For Slovenia, we test R464. The results, given in Table 8, show that we 
just reject the null for this series, in favour of the stationary alternative. 

Table 8: Results from IOM for Slovenia 

tk It - statistics 

Perron & Vogelsang 95% critical value for T= 100 is -4.19. 

62 See Table IV. B, p. 1376, of Perron (1989). 

63 We did not test R8, as preliminary graphical analysis revealed that there were no obvious 
break points to be tested. Hence, we continue to assume that this series is nonstatlonary. 

64 We did not test R1 or the output gap measures as preliminary graphical analysis revealed 
that there were no obvious break points to be tested. Hence, we continue to assume that 
these series are nonstationary. 
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6. TAYLOR RULE ESTIMATION 

6.1 Introduction 

We now turn to the estimation of the Taylor Rule. In Section 5, we found 

that most series tested were found to be non-stationary series, even 

when structural breaks were accounted for. 

These results call into question the validity of the a priori assumption of 

stationarity for all series adopted by Clarida & Gertler (1996) and Clarida 

et al. (1998b). Consequently, one cannot exclude the possibility that their 

results, obtained using the untested assumption of stationary series, are 

liable to spurious regression. 

Instead, we have adopted the approach of pre-testing for this assumption 

and have found that, based on the results, we can proceed with the 

estimation of Equation 8 only for a subset of the time series under 

consideration. 

Table 9 divides all the series to be included in the estimation of the 

Taylor Rule into stationary and non-stationary series. These must be 

modelled in different ways. For stationary interest rate series, we can 

proceed along similar lines as the specification in Equation 8. In these 

cases, we use the inflation series that were found to be stationary across 

all countries and we treat output as though it had a stochastic, not a 

deterministic trend. 
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Table 9: Order of integration of time series 

series: 
Czech Republic R5 RI, R2 

INFL2 INFLI 
OUTGAP I, OUTGAP2 

Estonia R2, R3' RI 
INFL2 INFLI 

OUTGAP 
Hungary R3 RI, R2 

INFL2 INFLI 
OUTGAPI, OUTGAP2 

Poland R4' R7, R8 
INFL2 INFL 1 

OUTGAPI, OUTGAP2 
Slovenia R4' RI 

INFL2 INFLI 
OUTGAP I, OU PGAP2 

' denotes series that were found to be stationary with structural breaks, tested by means of 
the innovational outlier model. 

During a period of disinflation, the inflation rate may be falling at a 

constant rate or it may have a trend break. To illustrate this point, 

consider the following two graphs, both of which represent a period of 

disinflation over time: 
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The left-hand-side graph shows a constant decline in the rate of 

inflation. Running a Dickey-Fuller test on such a series would be likely 

to yield the result that the null of a unit root for this series would not be 

rejected. By contrast, the right-hand-side graph shows a trend break in 

the inflation series. In such a case, a Dickey-Fuller test on this series 

would be likely to lead to a rejection of the unit root null hypothesis (in 

favour of a trend break in a trend-stationary process). 

A period of disinflation can look like either of these time paths, and in 

practice. it will be difficult to distinguish between these processes. This 

implies that running a unit root test on an inflation series in a period of 

disinflation may yield either a rejection of the null of a unit root or a 

21456749 10 II 
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non-rejection and, hence, implies that the Dickey-Fuller tests cannot 

always yield clear-cut results. 

For this reason, we propose to adopt an approach for the current chapter 
that considers the case of stationary inflation. Due to the ambiguity of 
the tests, it is essential that we fully consider the case of nonstationarity 
too and we do this in a later chapter (Chapter M. 

6.2 Estimation with stationary series 

Before reporting our estimation results, we first briefly describe the 

estimation techniques and specification tests that we apply. 

6.2.1 Estimation techniques and tests 

6.2.1.1 Forecast horizons 

First, we turn to the appropriate horizons for the forecasts, i. e. values for 

k and q. As mentioned above (Section 4.1), judicious choices of k and q 

can serve to embody the transmission lags of monetary policy to real 

economic phenomena. Guidance on this issue can be sought both in the 

theoretical literature and in other empirical work. 

From the theoretical literature, the generic fixed-price models of the 

Svensson (1997) type, introduced in Section 3.4.1, simply assume (in the 

model set-up) that inflation reacts with a longer lag than the lag with 

which the output gap reacts to changes in the interest rate. So, for 

example, a change in the interest rate in the current time period would 
be explained by the first lead on the output gap and the second lead on 
inflation. This assumption is a crucial property of the model and is 

consistent with results from a number of VAR-studies65. 

Other analysts who have specified a forward-looking Taylor rule have 

used various specifications. For example, Clarida et al. (1998a) use 
k=12, q=0 for monthly data, Clarida et al. (1998b) use k=1, q=1 for 

quarterly data as their baseline hypothesis and they run their model for 

two alternative specifications, k=4, q=1 and k=4, q=2. Their rationale for 

using these specific leads is that they regard them as roughly consistent 

with official Fed statements. In any case, the parameter estimates in 

65 See Svensson (1997) for references. 
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their model do not change significantly under these alternative 

specifications. Finally, Peersman & Smets (1999) use k=12, q=0 and then 

k=1,12and q=0. 

However, there appear not to be any compelling reasons to restrict a 

priori which leads to use. Doing so would appear to be an unnecessary 

constraint, which cannot be justified on theoretical or empirical grounds, 

most particularly in the case of transition economies. Hence, to stay 

within a manageable range, we use leads k=1,2,..., 6 and q=0 and then 

eliminate insignificant terms, one at a time. 

This is in line with the "general to specific" modelling strategy 

propounded by Hendry. This "top-down" approach overparameterises the 

model initially and then simplifies it sequentially. 

We first obtain results using the OLS methodology and then proceed to 

the two-stage least squares instrumental variables methodology with 
those specifications that have performed best in terms of diagnostic and 

specification checks from the preliminary OLS estimation. 

6.2.1.2 Ordinary least squares 

We begin by estimating our equations using ordinary least squares. This 

serves as a preliminary method to obtain an adequate fit for the 

regression relationship. Ordinary least squares has the advantage that it 

is simpler than most other techniques and it is therefore easier to assess 

what underlying dynamics are taking place, before progressing to more 

sophisticated estimation techniques. 

6.2.1.3 Generalised instrumental variable method 

One of the underlying assumptions of ordinary least squares (OLS) is the 

assumption of orthogonality. This implies that the disturbances, Ft, and 

the regressors x1, i =1,..., k are uncorrelated: 

E[ecJx ]=O, et, di=1,.... k. 

The orthogonality assumption may fail for a number of reasons, such as 
simultaneity, measurement errors, sample selection bias, or because 
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actual values are used as a proxy for expectational variables under the 

rational expectations hypothesis6c. 

The method of instrumental variables involves the search for a new 

variable that is highly correlated with the independent variable and at 
the same time uncorrelated with the error term in the equation. As 

already discussed in Section 4.1, this method is applied to obtain 

consistent estimates of parameters of the regression model in the case 

where the orthogonality assumption of the classical linear regression 

model is violated67. In our specific case, the forecasts of inflation may not 
be independent of each error term and, hence, the orthogonality 

assumption is violated. 

We apply the instrumental variable estimation procedure68 to estimate 

the parameter vector (ao; ß,; ß2; P) . This technique allows us to address 

the issue of a potential simultaneity bias: the control instrument 

responds to anticipated inflation and output, but this may be a 

reciprocal relationship. 

The orthogonality condition discussed in Section 4.1 gives a theoretical 

justification for instrumental variable estimation to be appropriate. 
However, we also consider an empirical test in the subsequent section - 
the Wu-Hausman test that provides an empirical justification for the 

choice of instruments we use. 

Concerning the elements of the instrumenting vector, A,, possible 

candidates are any lagged variables that help to forecast inflation and 

the output gap, as well as any contemporaneous variables that are 

uncorrelated with the current interest rate shock, vt . This could also 

mean including lagged values of the exchange rate (although not the 

current exchange rate) or of commodity prices. If one is able to choose 
from several instruments, one can select the combination of those 

instruments that have the highest correlation with the regressors. 

66 A unified account of the Instrumental variable method may be found in Pesaran & Smith 
(1990). 

67 The N methodology does, however, not guarantee unbiased estimation. 
6 See Hansen (1982) for details on this estimation method. 
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The instrument set we propose to use includes the first four lags of the 

output gap, inflation, the interest rate, the money supply, the domestic 

currency to DMK and to US$ exchange rates, foreign exchange reserves 

(where available), the unemployment rate and the productivity index. 

6.2.1.4 Overtdentifying restrictions 

There still remains the question of how many instruments to use. The 

minimum number must be equal to the number of independent variables 

to be used in the regression equation. While the asymptotic efficiency 
increases with the number of instruments used, so does the sample bias. 

In the limit, the IV estimator is simply OLS, which is biased and 

inconsistent in this case. However, weighted against this, is the 

consideration that using the minimum number (or close to it) of 

instruments produces poor results. 

Instrumental variable estimators are generalised method of moments 
(GMM) estimators. These estimators provide consistent estimators that 

use all the available information in a manner that best takes into 

account the constraints that arise in an overidentified set of equations. If 

the dimension of the instrumenting vector. ýt, exceeds the number of 

independent variables to be estimated, we must test for overidentifying 

restrictions in order to assess the validity of the given specification and 

the set of instruments used69. 

The GMM estimator weights the errors by their estimated variances. 

When the number of instruments is equal to the number of parameters 

to be estimated, the weighted error sum will be identically equal to zero 

(since every normal equation will hold exactly). When the equation is 

overidentified, however, the sum will be positive. 

We can test the overidentifying restrictions, using the fact that the term 

minimised by the GMM estimator follows a chi-square distribution with 

the number of degrees of freedom equal to the number of overidentifying 

restrictions. This is the Hansen-Singleton J-test. 

se Ibis is performed. following Hansen (1982). who discusses the issue of whether the 
available admissible set of instruments is used "efficiently" if there are more instruments 
than the minimum number required for a consistent estimation of the unknown 
parameters. 
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6.2.2 Results 

We estimate Equation 8 for the TE5, using measures of interest rates 

and inflation rates that were found to be stationary (see Table 9). Since 

output was found to be an I(1) series in all cases, instead of dc-trending 

it assuming a deterministic trend, we assume a stochastic trend. 

We find a good fit for the Czech Republic and Estonia. However, the 

specification is entirely inadequate for Hungary, Poland and Slovenia, 

even when possible structural breaks are taken into account. 

6.2.2.1 Czech Republic 

For the Czech Republic, we obtain the following results for the period 

1993M2 to 1999M2, using a total of 73 observations: 

R5 =. 47518+. 18196 INFL2(+ 1) + 0.1081 INFL2(+2) +. 94429 R5(-1) + 3.1704 Zl 
(. 45112) (. 0421) (. 04402) (0.03516) (. 22197) 

with an R-squared of . 93855. The DW-statistic was 1.6649. This 

equation passes all standard diagnostic tests. The point dummy variable 

Zi refers to the period 97M5-97M6 when the crawling peg exchange rate 

regime switched to a flexible regime. Two other outliers are eliminated in 

94M4 and 98M12. The output gap was not statistically significant and, 

hence, eliminated from the equation with the other statistically 

insignificant inflation leads. This gives the vector (ao; ß1,1; ß1, z; ß2; P) the 

values (8.53; 3.27; 1.94; 0; . 94). 

This equation was also estimated using instrumental variables, as 

described in Section 6.2.1.3. Initially, the Wu-Hausman test was applied. 

The null of exogeneity was distributed approximately as an F with 1 and 

66 degrees of freedom. We could not reject the null hypothesis that 

inflation is exogenous in our fitted equation at the usual level of 

significance. Nevertheless, we proceeded to instrumental variable 

estimation. 

The instruments used were the current rate and the six lags of inflation, 

the second to sixth lags of the interest rate, the current and the first two 

lags of the koruna/DM, koruna/$ exchange rates, of the base money 

supply, of a Czech productivity index, of reserves and of unemployment. 
This yielded a similar fit: 
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R5 = 1.4683+ 0.2133INFL2(+1)+0.1457 INFL2(+2)+. 8637 R5(-1)+2.9801 Zl 
(. 62868) (. 0522) (. 0536) (. 04858) (. 28802) 

with R-squared equal to . 90399 and a DW-statistic of 1.7143. This 

equation also passed all diagnostic tests, including Sargan's general 

misspecification test for instrumental variables. This gives the vector 
((Xo; 01.1; 01.2; ß2; P) the values of (10.77; 1.56; 1.07; 0; . 86). 

All coefficients are significant and have the expected signs. The real 

policy rate rises whenever inflation is above target and/or output is 

above potential. The coefficients on the inflationary lead terms tell an 
interesting story. First, we can conclude that the authorities put more 

weight on the first lead of inflation than on the second. Second, the 

values of these coefficients lie comfortably within the range found for 

other (European) countries. For example, using IV estimation, Clarida et 

al. (1998b) find the coefficient for the inflationary lead term 01.12 in 

Germany to be 1.31 for the sample period 79M3-93M12. 

Similar findings apply to the interest-smoothing parameter p. Our 

estimate of 0.86 is not far from the estimate of 0.91 obtained by Clarida 

et al. (1998b) for Germany. 

The major difference in the results is that the Czech Republic does not 

appear to target an output term, while Clarida et al. find a significant 

coefficient of 0.25 on the output gap, assuming stationarity in the series. 
This suggests that the Czech central bank did not take into 

consideration the size of the output gap when setting its policy 

instrument. 

This is in contrast to market economies, where the output gap has been 

shown to play an Important role in the practical conduct of monetary 

policy. Its role is derived from the conventional view of how monetary 

policy affects output and inflation: in a market economy. short-term 

interest rates influence aggregate demand and the output gap and these, 

in turn, affect inflation through a Phillips-curve relationship. Recent 

theoretical work has also supported the finding that the output gap is 

important. For example, Svensson (1997) shows that Taylor-style rules 
in which the central bank reacts to current inflation and the output gap 

may be approximately optimal in a closed economy. Further. Peersman 
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and Smets (1998) show that even if the central bank focuses solely on 
inflation and attaches zero weight on output, the efficient Taylor rule will 
include a strong response to the output gap because it influences future 

inflation. 

In this light, our finding concerning the output gap seems to suggest 
that in the Czech Republic, either the output gap does not influence 

future inflation or that the central bank is not efficiently "applying" the 

Taylor rule. This may be because, in transition economies, uncertainty 

clouds the relationship between the short term interest rate and the 

output gap and, therefore, the output gap may also have much less 

influence on future inflation. 

From 1993 onwards, inflation was low and under control. Under these 

conditions, it appears that a forward-looking inflation targeting Taylor 

Rule can adequately describe the time-path of the lending rate in the 

Czech Republic from 1993 onwards. Only the first two leads of inflation 
have significant explanatory power. This forward-looking horizon of two 

months is short. However, one would expect the horizon to be shorter, 
the greater is the uncertainty in the authorities' operating environment. 
Given uncertainty, it is much more difficult to predict inflation with any 
degree of accuracy. 

6.2.2.2 Estonia 

The fitted equation over the period 93M37° to 98M8, using 66 

observations for Estonia is: 

R2 =. 39331+ 0.20263 INFL2(+6) +. 89028 R2(-1) + 6.6542 Zl 
(. 2732) (. 0826) (. 0319) (. 6057) 

where Z1 is a point dummy variable that eliminates two outliers in 93M3 

and 97M10-M11. The R-squared and DW statistics were . 95744 and 

2.0719. This equation passes all diagnostic tests. Vector (a0; ß1, e; p2; p) 

takes the values (3.58; 1.85; 0; . 89). 

Despite the Wu-Hausman test not rejecting the null of exogeneity of 

inflation, we used instrumental variable estimation that yielded the fit: 

70 The estimation begins in 93M3 due to the lack of available data for the Estonian deposit 
rate before then. 
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R2 =. 62015+ 0.26913 INFL2(+6) +. 84759 R2(-1) + 7.058 Z1 
(. 3258) (. 1109) (. 04028) (1.1386) 

with an R-squared of . 93037 and a DW-statistic of 2.0658. This equation 

also passes all diagnostic tests, including Sargan's general 

misspecification test for instrumental variable estimation. The 

instruments used were the current and the first six lags of inflation, the 

second to sixth lags of the interest rate, the current and the first two lags 

of the first difference of the log of output and of the exchange rate vis-A- 

vis the DM, the dollar, of base money and of unemployment. 

The results yield the vector (ao; 031,6; ßz; p) = (4.07; 1.77; 0; . 85). As in the 

case of the Czech Republic, all coefficients are significant and have the 

expected signs. The coefficient on the (sixth) inflationary lead term of 

1.77 is marginally higher than the coefficients found for the inflationary 

leads in the Czech Republic. This suggests that the weight placed on 

expected inflation, when setting the deposit rate, is high. The interest- 

smoothing coefficient of 0.85 is once again well within the expected 

range. As above, the output gap does not enter as an explanatory 

variable. 

The results show that a forward-looking inflation-targeting Taylor Rule 

provides a good specification for Estonian interest-rate setting from 1993 

onwards. The forward-looking horizon for the setting of the deposit rate 

is six months. 

6.2.2.3 Hungary 

For Hungary. we find that the Taylor Rule specification used is not 

adequate in describing the setting of the Hungarian lending rate. The 

estimation results over the sample period 90M3 to 98M9 (using 103 

observations) do not pass the standard specification tests. In particular, 

various specifications consistently fail the tests for the absence of serial 

correlation and heteroscedasticity or normality. despite the inclusion of a 

dummy variable. This suggests that the equation in its proposed form is 

not appropriate to explain the time-path of short-term interest rates in 

Hungary for the whole period under consideration. 
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6.2.2.4 Poland 

In the Polish case, the estimated Taylor Rule specification is inadequate 

in explaining the time-path of the discount rate. The estimation results 

over the sample period 90M2 to 98M8 (using 103 observations) do not 

pass all the standard specification tests and fail, in particular, for 

functional form, for the absence of serial correlation and for 

heteroscedasticity. 

6.2.2.5 Slovenia 

Finally, results for Slovenia lead us to a similar conclusion. Here, we also 
find that the Taylor Rule specification is entirely inadequate in providing 

explanatory power for the development of the Slovene deposit rate over 
the sample period considered. In this case, the sample period includes 

78 observations and refers to 92M4 to 98M9. The specifications 
consistently fail the tests for an adequate functional form, for normality, 
despite the inclusion of a dummy variable, or for heteroscedasticity. 





7. CONCLUSIONS 

This chapter estimated a forward-looking Taylor Rule for five Central 

European economies, the Czech Republic, Estonia, Hungary, Poland and 

Slovenia. 

We began by testing the series to be included for unit roots. In the 

process, we found that a large number of series were non-stationary. 

Next, we considered structural breaks in unit root processes. When 

structural breaks are present, the test statistics to ascertain the 

presence of unit roots are biased toward the non-rejection of a unit root 

even though the series is stationary within each of the sub-periods. For 

this reason, we also tested for the presence of a structural break in the 

series that were found to possess unit roots. Our findings revealed that 

some processes, initially showing up as possessing unit roots were, in 

fact, trend stationary processes with structural breaks. 

This process of pre-testing allowed us to discern which series could be 

used to estimated our forward-looking Taylor rule, using OLS and 

instrumental variable approaches. 

Our results showed that monetary policy in only two of the five countries 

under study, namely the Czech Republic and Estonia, were adequately 

characterised by forward-looking inflation targeting. 

In the Czech Republic, the forward-looking horizon was one to two 

months, which is short, as far as the experience of other countries using 

inflation targeting shows. However, this is perhaps not so surprising 

given the uncertain nature of transition that limits policy makers' 

planning horizon. At relatively high rates of inflation (20 per cent or 

more), it is difficult to predict future inflation rates with any accuracy. 

In Estonia, the forward-looking horizon was six months. The currency 

board operating in Estonia may have provided policy makers with a more 

predictable operating environment, thereby lengthening the forward- 

looking planning horizon for monetary policy. 

Coefficients in both cases were significant and had the expected signs. A 

large degree of interest-rate smoothing was also apparent in both 

countries. 
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In both cases, the weighting attributed to the inflation lead, although 

broadly in the same range as results reported by other researchers for 

the German Bundesbank, proved to be slightly higher than these. This 

again seems plausible in the light of the guiding Maastricht convergence 

criteria. As mentioned previously, the transition countries we studied 

were furthest away from the Maastricht benchmark where the price 

stabilisation criterion was concerned. 

Another result was that central banks did not appear to be taking into 

account the output gap when setting their policy instrument. This is in 

contrast to market economies, where the output gap has been shown to 

play an important role in the practical conduct of monetary policy. The 

optimality of targeting the output gap has also been confirmed in 

theoretical studies. A possible explanation for this could be that in 

transition economies, the conventional links between short-term interest 

rates and aggregate demand and the output gap break down due to 

various distortions. This means that the output gap might not contain 

much information about future inflation and, hence, does not play a 

significant role in monetary policy during transition. 

The results for the Czech Republic suggest that, by the time it had 

separated from Slovakia, it was already in full control of monetary policy 

and pursuing inflation stabilisation with the aim of EU accession clearly 

in mind. Results for Estonia suggest that the introduction of the 

currency board at the beginning of reform had a powerful impact on 

monetary policy, allowing it to focus exclusively on inflationary 

stabilisation. 

Finally, our results also show that neither Hungarian, Polish, nor 

Slovenian monetary policy can be adequately characterised by our 

specification. This suggests that a different specification is required that 

is capable of explaining the setting of the short-term interest rate in 

those countries. 

The remainder of this thesis is concerned with characterising these three 

economies' monetary policy. We explore various options to obtain an 

adequate monetary policy reaction function that describes these central 

banks' behaviour. 



109 

We explore the relevance of other potentially significant explanatory 

variables. In the transition context, one of the main concerns facing 

governments was the financing of the fiscal deficit. Underdeveloped tax 

systems and financial markets complicated this objective. It would 

appear that many transition countries had little alternative but to 

substantially monetise their deficits at the beginning of transition. Once 

initial stabilisation was reached, one would expect this seigniorage effect 

to attenuate in the latter part of transition and monetary policy to be re- 

focussed towards its traditional aim of price stabilisation. 

The remainder of this thesis examines this proposition. We begin by 

reviewing the various concepts of seigniorage and then proceed to 

quantify them for the three transition economies. We find that 

seigniorage has indeed played an important role in these countries. 

Subsequently, we re-estimate the monetary policy reaction functions for 

these countries that take into account these results. We also incorporate 

our previous findings regarding the non-stationarity of a number of time 

series in these countries. 



III. THE RELEVANCE OF SEIGNIORAGE 

FOR TRANSITION 



1. INTRODUCTION 

So far, we have managed to characterise Czech and Estonian monetary 

policy by means of a forward-looking Taylor rule. We now focus on 

monetary policy in the TE3. We seek to obtain an adequate monetary 

policy reaction function that describes these central banks' behaviour. 

We now explore whether there are some other variables that could help 
to adequately describe monetary policy in the 7E3 and for this, we return 
to the salient features of transition. In Section 2.1 of the previous 

chapter, we saw that one of the main concerns facing governments was 
the financing of the fiscal deficit (including the quasi-fiscal deficit). 

There were a number of reasons for this. First, the large-scale output 
drop experienced by all transition economies eroded governments' tax 

bases. Second, governments lost considerable tariff revenues owing to 

the decline in trade caused by the collapse of the CMEA. Third, they had 
faced increases in welfare expenditure due to restructuring. Fourth, the 

cost of servicing the external debt had increased due to exchange rate 

devaluation. 

In addition to these problems, governments in transition did not have 

the same access to finance as those in developed market economies. The 

underdevelopment of monetary institutions and instruments at the 

beginning of transition, greatly limited the use of government securities. 
Interest rates were kept artificially negative due to price and quantity 

restrictions that affected domestic financial markets, such as nominal 
interest rate ceilings. This constituted so-called financial repression and 
included the extensive use of reserve requirements71. From a public 
finance perspective, the phenomenon of negative interest rates tends to 

generate a high demand for real balances, implying a low velocity of 

circulation of money and, hence, a large inflation tax base. 

Moreover, the structure of the economy and its institutions did not allow 
for large-scale income tax collection. Recourse to external financing was 

also limited as many countries were heavily indebted already. 

71 Financial institutions were also forced to hold larger volumes of excess reserves due, in part, 
to high spreads and bad loans. 
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It would appear then that the TE3 had little alternative but to 

substantially monetise their deficits at the beginning of transition. This 

was stressed by the seminal contribution of Sargent & Wallace (1981) 

who showed that if a government followed a path of unsustainable fiscal 

deficits, it would eventually be forced to monetise the deficit. There is an 

upper limit on this type of financing, as was demonstrated by Cagan 

(1956). 

In this chapter, we begin by reviewing the various concepts of 

seigniorage and then proceed to quantify them for the three transition 

economies. We find that seigniorage has indeed played an important role 
in these countries. 

The outline of this chapter is as follows. Section 2 considers how budget 

deficits are financed and the various limits on the government, set by the 

sources of finance. Section 3. open economy issues are considered. 
Section 4 quantifies seigniorage for Hungary, Poland and Slovenia. In 

Section 5, we report findings concerning the determinants of seigniorage. 
Finally, Section 6 concludes. 



2. BUDGET DEFICITS AND THEIR FINANCING 

2.1 The fiscal deficit 

Our starting point is the familiar single-period budget identity of the 

government which states that the government's deficit is financed by 

issuing domestic or foreign currency denominated interest-bearing debt, 

by printing money or by running down official international foreign 

exchange reserves. Our focus in this chapter is on deficit monetisation. 

Deficit monetisation arises when the Treasury borrows from the central 
bank to finance its deficit through monetary base expansion. This is 

achieved by selling government debt to the central bank, which expands 
the monetary base in order to finance this purchase. In borrowing from 

the central bank, the Treasury sells the central bank bonds that are paid 
for by crediting its reserve position at the central bank, thereby 

Increasing high-powered money. 

Governmental revenue arising from the creation of base money is termed 

se(gniorage. Table 10 summarises the different concepts of seigniorage. 
In addressing cases of inter-war hyperinflation in various countries, 
Keynes (1923) referred to this phenomenon: 

A government can live for a long time [... j by printing paper money. That is to say, 
it can by this means secure the command over real resources, resources just as 
real as those obtained by taxation. The method is condemned, but its efficacy, up 
to a point, must be admitted. A government can live by this means when it can live 
by no other. (p. 371 

In practice, deficit monetisation arises from three different central bank 

operations, all of which constitute lending to the government by the 

central bank. These Include the purchases of government bills and 
bonds by the central bank on the primary market: net funds lent to the 

government by the central bank through conventional banking 

(overdraft, deposit accounts); and open market operations in government 
bills and bonds (even temporary ones, such as repos). If, for these 

operations, the central bank charges the government a reduced interest 

rate on this debt, then this contributes to seigniorage. 
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2.2 Fiscal sustainability 

Fiscal sustainability of the government deficit is a quantifiable criterion. 
Buster (1996) has set out a framework that starts from the assumption 
that, if no default has taken place so far, a country's debt-output ratio 

needs to be within that country's ability to pay. Sustainability can then 

be assessed by comparing real interest rates, real growth rates and 

primary deficits in order to ensure that these do not lead to rising debt- 

output ratios. 

The well-known inter-temporal budget constraint is central to measuring 
fiscal sustainability. It is given, in real terms, by 

Equation 17: gt - it + (it - pt - Qt )bt-1= bt + me + (Pc +ä )me-ý = -4 

where g-ti is the primary deficit written as a ratio of GDP, i -p stands for 

the nominal interest rate minus the rate of inflation, i. e. the real interest 

rate, ä, is the real growth rate. b denotes the ratio of the stock of real 

public debt to GDP, and m that of real base money to GDP. 'Iahe budget 

surplus is given as a fraction of GDP by ý. This equation states that the 

interest-inclusive government deficit is financed by new bond issues or 
by base money creation. 

The above equation can be rewritten as: 

Equation 18: dt +p be-i = be 

where dt = 9t - tit - mt - (pt + ät)mt_1 and pt = it - pt - QL , the real ex post 

interest rate adjusted for real output growth. This equation holds as an 

identity ex post in time t. 

From this, it is possible to calculate the actual primary deficit that could 
be sustained at a particular public debt to GDP ratio. For example, a 

constant debt-to-GDP ratio gives the condition that l=0. The primary 

deficit is then constrained by the chosen debt-to-GDP ratio. 

The sustainability condition is given by the n-period ahead intertemporal 

budget constraint. Projecting Equation 18 n periods forward by solving 
forwards and successively substituting out the future compound 
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discounted debt-to-GDP ratio gives the n period ahead intertemporal 
budget constraint: 

n 
Equation 19: bt = E[St. nbt+nlIc 

I-1: setae*j It 
41-1 11 

n 
where 8t, 

n =11 (1 + pt+, which is the time-dependent real discount 

8.1 
factor n periods ahead, adjusted for real GDP growth. This equation is 

derived by using some of the properties of rational expectations modelsM, 

namely that St., bc+, = EESt. i+i (bc+i+i -d c+, +i 
)Ic+t I 

and that 

E[St. lbt+I(It 
]= E[8t., +t 

Abt+t+t - dt+1+1 ýIt 1 

It says that the current debt-GDP ratio is just equal to the expected 
discounted debt-GDP ratio n periods ahead minus the flow of discounted 

future primary deficit-GDP ratios expected at time t. 

A necessary and sufficient condition for sustainability is that as n-, 

the discounted value of the expected debt-to-GDP ratio converges to zero. 
This so-called transversality condition implies the "no Ponzi game" 

condition. This says that the government cannot borrow indefinitely to 

finance its budget deficit. Algebraically, this is written in the form of the 

following equation: 

Equation 20: 11m E(St, nbt+nlitl =0 
n-º» 

For sustainability to be present, the current debt-GDP ratio. b,. is offset 

by the sum of current and expected future discounted surpluses 
(expressed as a ratio to GDP): 

Equation 21: bt = -lim E[i8,, 1dc+, 
lI ] 

n-º- `tal 

So far, we have assumed an infinite time horizon. However, for practical 
policy purposes, it is also necessary to consider instead a finite time- 

horizon. In the medium-term, fiscal policy can be sustainable (or 

72 For more detail, the reader is referred to Begg (1982), pp. 72-3. 



116 

intertemporally consistent) if it achieves its target debt-GDP level. In the 

infinite horizon case, this is zero. We denote this target at the end of the 

planning period by b and now write the government's intertemporal 

budget constraint as: 

Equation 22: bt - E[SL. 
nbt+nlItl = -EIýYSt, idt+iIIt] 

This equation determines the flow of future primary balances needed to 

achieve the target, on the basis of the current fiscal stance. If this 

equation is satisfied, fiscal policy is sustainable. Where this is not the 

case, either the current fiscal stance or the debt objective can be altered. 
The former can be accomplished by changing taxes or government 

expenditures or by changing money financing. 

Budina & Van Wijnbergen (1997) have assessed fiscal sustainability for 

transition economies. They find that fiscal policy is sustainable in the 

case of Poland and Slovenia. Hungary fell into their "borderline" category 
but, the authors admit that "Hungary could arguably be moved to the 

sustainable column, based on what we now know" [p. 521. 

Furthermore, the authors find that the unsustainable countries had 

much higher inflation both on average and by 1996. These countries also 

took rather longer to recover their pre-output drop growth rates. This 

finding leads them to conclude that countries that tackled their fiscal 

problems decisively have a much better inflation stabilisation record 
than do those that did not. While fiscal and monetary policies were 
found to matter for the success of macroeconomic stabilisation 

programmes, exchange-rate policy was found not to matter. In fact, 

countries that had opted either for a floating or for a fixed exchange rate 

regime achieved success. 

A number of fiscal sustainability indicators have been proposed in the 
literature, for example in Buster (1985) and Blanchard et al. (1990). 

These attempt to assess whether the present value budget constraint 
would be met in an ex ante sense over a specified planning period73. 

73 We distinguish the concept of a solvency constraint as being met on an ex post basis. A 
government's solvency constraint is defined as the requirement that the government run 
future primary surpluses equal in present value terms to the outstanding public debt 
stock. This is always by altering the government's current fiscal stance. 
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Blanchard et al. (1990) derived the average tax rate, or , required to 

satisfy the government intertemporal budget constraint and used it to 

obtain a measure of fiscal sustainability under the assumption of a 

constant discount ratio. This serves to measure the discrepancy between 

the present and the sustainable tax rate. 

If the discounted surplus is insufficient to allow the desired reduction in 

discounted debt, then at each period in time, an increase in the average 
tax rate of 

El S 23: i- ti = 
[E[ n 

Sc, i Ic 
'1be 

- E[8 be+nlItJ +En St. jdc+i It t. n 

is required in order to fulfil the intertemporal constraint74. 

2.3 Laffer curve effects 

When the government finances a deficit through money creation, this 

money is assumed to be absorbed by the public. It is straightforward to 

relate the creation of base money to inflation in the usual monetarist 

way. The printing of money at a rate that exceeds the demand for it at 
the current price level creates excess cash balances in the hands of the 

public. This point is made by Keynes (1923): 

It is evident that so long as the public use money at all, the government can 
continue to raise resources by Inflation. I... ] Like other conveniences of life the use 
of money is taxable and a government can get resources by a continuous practice 
of inflation, even when this is foreseen by the public generally, unless the sums 
they seek to raise in this way are very grossly excessive (p. 431. 

Real income growth or population growth will also increase the demand 

for money as the public will choose to holder higher nominal balances in 

order to keep the stock of real balances constant. Therefore, the amount 

of revenue that the government can expect to obtain from the printing of 

money is determined by the demand for base money in the economy, the 

real rate of growth of the economy and the elasticity of the demand for 

real balances with respect to inflation and income. 

The demand for base money declines as the inflation rate rises. As a 

result of higher inflation, agents will want to hold lower money balances 

because these are becoming increasingly costly to hold. This means that 

74 Alternatively, the government could contemplate a change in government expenditures. 
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as the inflation rate increases, individuals hold less currency. Hence, 

while increasing the tax rate will initially lead to higher revenues, there 

will be a point when real balances will ultimately decline more than in 

proportion to the rise in the tax rate, so that a higher rate will yield less 

revenue. Such a relationship can be referred to as an inflation tax baffer 

curve and is given in Figure 5. s' is the revenue-maximising point 
beyond which the government can obtain more revenue by printing 
money less rapidly. Beyond this point, increases in the growth rate of 
money lead to more inflation and less revenue. 

Figure 5: Inflation tax Laffer curve 

Government revenue 

Sý 

The Laffer curve reflects the optimisation problem. There is a trade-off 
between the rate of increase in the money supply which leads to a higher 

inflation tax rate, and a decline in desired real balances which results in 

a lower inflation tax base. In extreme cases, reliance on seigniorage to 
finance the deficit leads to hyperinflation. 

2.3.1 The Cagan model 

Cagan (1956) studies the erratic fluctuations of real cash balances 
during hyperinflation75. He tests the hypothesis that changes in real 
cash balances depend primarily on variations in the expected rate of 
inflation during a bout of hyperinflation. 

To test this hypothesis, he assumes that desired equal actual real cash 
balances, i. e. the money market is in equilibrium. Output and the real 
interest rate are assumed to remain fixed, wealth effects are ignored. 

75 He defines hyperinflation as an episode of inflation in which the rise in prices exceeds fifty 
per cent per month. 

Inflation rate 
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Price expectations are assumed to be adaptive70.77. Individuals' desired 

real cash balances, L, are taken to depend on numerous variables, of 

which three main variables can be singled out, namely. real per capita 

income, Y, real per capita wealth, W. and the expected return, t, to 

assets78: 

y. W. il Equation 24: 
4++-) 

The partial derivatives are assigned the expected signs. The demand for 

money is inversely related to the nominal interest rate, which, with a 
fixed real rate, is just equal to the expected rate of inflation. Desired real 

cash balances change in the same direction as real wealth and current 

real income. 

Cagan finds that 

The only cost of holding cash balances that seems to fluctuate widely enough to 
account for the drastic changes in real cash balances during hyperinflation is the 
rate of depreciation in the value of money or, equivalently, the rate of change to 
prices. (p. 311 

Cagan's model can be described by two simple equations: 

Equation 25: n (t) - p(t) = -an(t) 

and 

Equation 26: it (t) =8 (p - n), 8>0 

where79 m=ln M, p=ln P. it here is the expected rate of inflation, while M 

is the nominal stock of money and P denotes the price level. The 

logarithmic specification of the model means that changes of variables 

76 This implies that the expected change in the rate of price inflation is revised to each period 
in proportion to the difference between the actual rate and the expected rate of Inflation. 

77 The equality between actual and desired balances and between actual and expected price 
rises implies that there may be some adjustment lags before these equalities are achieved. 
which are ignored. 

78 This should be viewed as a composite measure of both the market interest rate on bonds 
and the dividend yield on equities, relative to the returns to money. The expected returns 
to wealth only affect real cash balances if there is a change In the relative expected return 
between the assets and money, which will induce asset substitution. 

79 For the remainder of the exposition of the Cagan model, lowercase letters will denote 
logarithms rather than real quantities. 
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are percentage changes80. Equally, coefficients relating to logarithmic 

variables represent elasticities. The coefficient, a, is the semi"elasucity of 

the demand for money with respect to the expected inflation rate. 

Output and the real interest rate are assumed to remain fixed. This 

latter assumption is reflected by the presence of the expected inflation 

rate in the demand for money function, given by Equation 25, instead of 

the nominal interest rate. 

Equation 25 describes the continuous equilibrium in the money market, 

where the expected rate of inflation is specified by the adaptive 

expectations hypothesis, given in Equation 26. This says that the rate at 

which the forecast is revised at any point in time is proportional to the 

forecast error committed in the current time period. If the current 

forecast of the inflation rate underpredicts the corresponding actual 

inflation rate, the forecast is revised upward and vice versa. 

This equation can be rewritten to express the current forecast as an 

exponentially declining weighted average of past rates of inflation. The 

key feature of this autoregressive forecasting procedure is that it Is 

entirely backward looking, being based entirely on the past evolution of 

the relevant variable. 

Differentiating Equation 25 with respect to time and assuming that the 

nominal money stock remains constant (apart from a possible one-off 

increase) yields: 

Equation 27: p(t) = ait(t) 

Eliminating the terms n, * from Equation 25, Equation 26 and Equation 

27 yields a differential equation in the logarithm of the price level: 

Equation 28: p-8 [m - pl 1-as 

This equation shows that the adjustment of prices will be stable f and 

only tf cx3 < 1. This is Cagan's well-known stability condition. 

Transforming this equation yields an expression for real money balances: 

80 For example, note that the rate of inflation can also be written as 
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Equation 29: xEM= exp{- 
(° Si)i 

In Cagan (1956), seigniorage revenues are viewed as being equal to the 

rate of inflation (p = P/P) times real balances (x = M/P ): 

Equation 30: s' ý px 

This is a measure of the loss to the holder of real money balances in the 

value of real balances (and non-indexed government bonds), as a direct 

consequence of the inflation rate. Inflation reduces the purchasing power 

of real money balances and reduces consumption. 

Here, the rate of inflation is sometimes referred to as the inflation tax 

rate, while the level of real balances is viewed as the inflation tax base. 

Substituting Equation 29 into Equation 30 yields a measure for the 

inflation tax: 

Equation 31: s' =p. exp _r 
aS 11ýý 

l 

The optimum revenue-maximising inflation tax rate is given by setting 

the first derivative with respect to the tax rate equal to zero: 

1 

Equation 32: aP 
= exp{- ßPXI - ßP) =o 

to yield the seigniorage-maximising inflation tax rate of. 

Equation 33: pj =8_1 °ptunum acS -1 ß 

This can also be put another way. From Equation 29, the elasticity of 

demand is given by c, ý, o = dp "X= -ßp. At the seigniorage"maximising p. 

given in Equation 33, this is equal to -1. Hence, scigniorage is 

P(t)= ä I'P(t)-plc dact =P' 
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maximised when the elasticity of the inflation tax base, x, with respect to 

the inflation tax rate, P, is equal to minus unity. 

Cagan analyses seven experiences of hyperinflation8l in inter-war 

Europe. His results indicate that an exponentially weighted average of 

past rates of change in prices adequately accounts for movements in real 

cash balances. Cagan attributes this to the policy of printing money 
during the inter-war period, which provided a convenient revenue source 
for governments. However, as indicated by the Laffer curve, the 

effectiveness of this method declines over time, requiring ever larger 
Issues. 

While Cagan's functional form exhibited a good fit, his econometric 

results produced a high degree of serial correlation. Sargent & Wallace 

(1973) studied the inflationary dynamics in the Cagan model under 

rational expectations, yielding new results that corrected this problem of 
high serial correlation. 

2.4 Differential taxation approach82 

Contrary to the previously-discussed approaches, Phelps (1973) 

maintains that an analysis of seigniorage as a tax must include a 

consumption function (and labour supply function). Without this 

necessary feature, there would be no fiscal restraint on consumption or 
leisure to accommodate public expenditure and resources would have to 

be diverted from the capital goods sector for public use, thereby 

curtailing growth. Consequently, Phelps proposes that an analysis of 

seigniorage be carried out within the context of public finance theory. 

The implementation of this approach into a model of money and inflation 

requires that the Treasury varies the composition of financing its deficit, 

within an overall constraint of a constant deficit. 

This is known as the differential taxation approach whereby total net tax 

revenue is held constant as one tax is substituted for another. This has 
the effect of keeping invariant the sum of the income effects upon 

81 These included Austria, Germany. Greece, Hungary I. Hungary 11, Poland, Russia. 
82 It what follows, variables in small letters are relative to income. Without technical progress, 

small letter variables can be seen as per capita variables. Capital letters are nominal 
variables. Variables with a dot denote differentiated variables with respect to time. 
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demands for leisure and consumption goods, while the composition of 
taxes is changing. This allows the focus to be on the substitution effects 

of a tax shift. As we shall see, this leads to the treatment of seigniorage 

as an opportunity cost. 

In Phelps (1973), the Treasury sets the amount of government 

expenditure. The equality between its outlays (on the right hand side) 

and its financing options - taxation or the issue of government debt, B, - 
gives its financial constraint: 

Equation 34: P=g-, 
r + ibp 

Small letters denote variables relative to the price level; g-ti is the primary 

deficit and bp is the real amount of government debt held by the 

collective private sector. The Treasury controls the rate of issue of new 
government securities, which ultimately sets the rate of investment in 

the economy. 

The central bank controls the time path of the nominal money supply, 
M, according to: 

Equation 35: P=b- bp 

and sets a target inflation rate, 7c. It has responsibility for setting the 

price-level time path and for choosing a money supply time path to 

accommodate the target inflation rate, it, according to: 

Equation 36: p(t) =f (t; 7t) 

where f(. ) denotes a function of time t. given the target rate of inflation, it. 
The private sector's real net disposable potential83 income, 7. is defined 

as: 

Equation 37: y=y+V-t-n(x+bp 

It is given by potential pre-tax real income, y, its interest income from 

holding government securities, ibp, less its tax payments (r) and the 

83 Potential income here refers to income that would be forthcoming as a result of the 
households' utility maximisation procedure. 
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erosion in the real value of both its real balances (nx) and its government 

bond holdings (nbp ), as a consequence of inflation. The difference 

between Y and y is the government's overall fiscal contribution to (or 

subtraction from) net disposable income. 

The differential tax approach requires this difference to be invariant to a 

change in the mix of taxes, here, the income or the inflation tax. This 

difference can be written as a function 0 of time: 

Equation 38: 6(t) =r+ 7tx - (i - n)bp 

This equation gives the overall net revenue, which remains invariant as 

the composition of taxes is altered. The model requires that if the central 

bank shifts the target inflation rate, then the Treasury must adjust the 

income tax rate in order to continue to satisfy this equation. 

Solving from Equation 35 for bp and inserting this expression into 

Equation 38 yields: 

Equation 39: e(t) + (i - n)b = ti + ix 

This equation shows that increased inflation can substitute for income- 

tax revenue if it (I) increases the "seigniorage term", Ix, and (ii) reduces 

the real rate of interest on government debt, (I - n)b . The former effect 

represents the government's earnings by virtue of issuing currency. 

Conceptually, currency can be viewed as an interest-free loan made by 

the public to the central bank84. Since flat money is viewed as an 

interest-free loan, seigniorage is given by the interest savings the 

government obtains by being able to issue zero interest rate securities in 

the form of currency. The latter effect, while potentially important. is 

assumed away by Phelps. 

From this framework, it is clear that the concept of the inflation tax is 

the 

"saving" that inflation permits in the volume of wage taxes that have to be collected 
j... ] in order that the government achieve a certain sum-of-income-effects, as 
prescribed by 6(t) in [Equation 381 [Phelps (1973). p. 741. 

84 Recall, for example, that a bank note Is an IOU which bears the wording 'I promise to pay 
the bearer on demand the sum of ... ". 
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The proceeds of the inflation tax do not produce a visible flow of currency 

into the Treasury like that produced by ordinary taxes or a currency 

printing press. Instead, the proceeds of the tax must be conceived as 

measured in terms of the saving in other tax revenues. 

2.5 Total monetisation measure 

Underlying the concept of the inflation tax is the assumption that the 

growth rate of money is equal to the growth rate of prices85. This is valid 

only in a static economy. In a growing economy. a positive growth rate in 

the money supply does not necessarily translate into price inflation. In 

growing economies, governments can increase the money supply by the 

product of the change in income and the income elasticity of the demand 

for money to satisfy the demand for higher balances without causing 

inflation. This newly issued money equally provides revenue to the 

government. 

Friedman (1971) expands the stationary Cagan model to account for 

growth. In a growing economy, there is an additional source of revenue 

accruing to the money issuer, over and above the tax on existing real 

cash balances. This is the provision of the additional real cash balances 

that are demanded as a consequence of the rise in income and 

population growth rates. While the yield from the tax on real cash 

balances is maximised at the unit-elasticity rate of inflation, as we have 

seen in Cagan's model, the yield from this additional source declines 

monotonically as the rate of inflation increases. This implies that, in a 

growing economy, the rate of inflation that maximises the yield is lower 

than Cagan's unit-elasticity rate, as will become clear from Equation 44. 

The total monetisation measure of seigniorage86 is defined as the rate of 

growth of the money supply multiplied by real balances: 

85 Note that in the case where there is no population or income growth, by virtue of Equation 

42, P/P =WM . 
86 This measure is based on Friedman (1971). 
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Equation 40: S2=1VI_1VIM PýMP 

We now seek to rewrite M/M in terms of the inflation, population and 

growth rates. To achieve this, consider the demand for cash balances to 

be given by: 

Equation 41: M=N. P. f (y. P) 

where N denotes the population size and f(. ) is function of Y. real per 

capita income87 and the actual rate of inflation, p. 

Taking logs of Equation 41, differentiating both sides and assuming 

money market equilibrium88yields: 

m=n+P+ 1 dtf(Y. P), 
iff 

P+o 

Equation 4289: =n+p+m 
alff 

ay y 
cý, y 

= n+p+Eu-, YQ 

where is the elasticity of demand for real cash balances with respect 

to real per capita income. Replacing this result into Equation 40 yields 
the relevant measure of seigniorage: 

87 For the sake of clarity, we spell out specifically the notation for this section: 
p= f(y. p) denotes real money balances per capita, x=P refers 

to real cash 

balances: m=lnM m=M; y= PN 
denotes real per capita income: y-ln Y. 

Qa=Y denote the growth rate of real per capita income and of nominal CDP, 

respectively-, p= In P, p=P refer, respectively, to the logarithm of the nominal price level, 

P. and the inflation rate; and, finally, the population growth rate is given by n-N 

88 In equilibrium, the supply of and demand for money are equal. 

89 Note that the time derivative of the rate of increase in prices is taken to be zero, implying 
that this equation holds only for a steady state rate of inflation. 



127 

Equation 43: S2 =ý+n+ Qe� c 

The inflation tax and total monetisation concepts coincide when there is 

no population or income growth, i. e. n =d = 0. 

To find the rate of price increase that maximises the yield from money 

issue, we differentiate Equation 43 and set equal to zero: 

Equation 44: 
ds2 

=x 1+Q 
dE"' 

+ ýp +n+ . es-) 
d In m_0 

dp dp 'y dp 

This yields the optimum inflation rate, p, that maximises revenue from 

money issue. 

In order to solve for the optimum rate of price increase, we specify a 

functional form for the demand for money. We use a specification of the 

type (see Equation 28) used by Cagan (1956), where 

Equation 45: ii = f(Y" P) =1(Y)exP{- ßP}} 0=S1 

It follows that, given this specification, 

my 
y ÖIIl 

m ay 

Equation 46: -Y 
exp{- ap}dl(Y) 

1- exp - ßp dy 

_y 
dl(y) 

T y. dy 

Hence, 
dcmy 

= 0. Using this in the first-order condition given in 
dp 

Equation 44, yields: 

Equation 47: 1++n+ de, ýý 
d In m_0 

dP 
t 

-ß 

From this, we write the optimal inflation rate for this special case as: 
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Equation 48: ploptinum =1- 
(n + QE., 

The first order condition for the special case, given in Equation 47, can 

also be solved in terms of the optimum money growth rate, th. This 

yields an optimum of. 

Equation 49: rýopumum =1=8 0 a8 -l 

This result conforms to the optimum inflation rate in Cagan's case, given 

by Equation 33, where m=p; i. e. money growth is due entirely to 

inflation in a world characterised by an absence of output or population 

growth. 

This equation shows that, for the given functional form, the optimal, 

revenue-maximising rate of monetary growth is independent of both real 

income growth, , and the income elasticity of demand, E,,, . It depends 

solely on the slope of the semi-logarithmic function representing the 

demand for real cash balances corresponding to a given level of real per 

capita income. 

The monetisation measure of seigniorage may also be written in terms of 

the velocity of circulation of money, V, which is given as V= Py/M, by 

virtue of the well-known quantity theory of money. This is substituted 

into Equation 40 to yield: 

Equation 50: s' =M"1=µ Myv 
rate base 

As the demand for money decreases, the velocity of circulation increases. 

Higher money growth will eventually feed through to higher inflation, 

leading to a decline in the demand for money and an increase in velocity. 

So, while higher money growth implies a rising inflation tax rate, 

increasing velocity implies a decrease in the inflation tax base. The 

product of both will rise only if the elasticity of velocity with respect to 

the inflation rate does not exceed unity. 
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Similarly, the seigniorage tax rate, instead of the tax base, may be 

written in terms of velocity. Due to the quantity theory of money, 

MV = Py, this gives: 

z_lbi YM 
s 

Equation 51: YvY 

= (p+Q-k)Y = (Q-k}Y 

where a= y/y, k= V/V, a= YlY ;y denotes real income, while Y denotes 

nominal income. This shows that seigniorage is positively correlated to 

the rate of inflation, p and to the rate of real income growth, but 

negatively to changes in the rate of velocity of circulation of money, k. 

2.6 Consolidated approach 

For the purposes of providing a complete picture of seigniorage, the 

special relationship between the government and the central bank 

cannot be ignored. At least since the work of Drazen (1985), it has 

become clear that seigniorage must be defined by consolidating the 

accounts of the government with those of the central bank. The 

approaches described so far have failed to make an accounting 

separation between the activities of the central bank and of the Treasury. 

When this is done, it is possible to merge both balance sheets into a 

consolidated public sector equation. 

The need to include the central bank arises from the ability of the 

government to shift both expenditure and revenues raising 

responsibilities to the central bank. This gives rise to the quast-jiscal 
deficit cit of the central bank. 

Some common examples of this are central bank credits at subsidised 

rates of interest (equivalent to interest subsidies), losses associated with 

a central bank's foreign exchange dealings (equivalent to foreign 

exchange subsidies or taxes) or the imposition of reserve requirements 

90 In fact, to obtain a complete fiscal picture, it is necessary to take into account the activities 
of all agencies that can levy taxes or issue legal tender and all agencies engaged in public 
administration (mainly the provision of intermediate public goods and services, 
supervision and regulation), i. e. general government and the central bank. 
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on commercial banks, obliging them to hold central bank liabilities at 

below market interest rates (equivalent to a tax on deposits). 

The QFD is of particular relevance to developing countries where central 

banks often assume an active role in the mobilisation of domestic and 

foreign exchange resources and their allocation to the public and private 

sectors91. There is anecdotal evidence that they have also played a role in 

transition economies92. 

In order to correct the fiscal deficit to account for the government's 

quasi-fiscal activities, it is necessary to convert these into their subsidy 

or tax equivalents and add them to the conventionally measured primary 

deficit of the central bank. This should then be consolidated with the 

primary deficit of the general government sector83. 

However, in practice, data is often lacking. Buster (1996) suggests a 

simple rule of thumb, namely to assume that all credit extended by the 

central bank to all sectors other than the general government. represent 

de facto quasi-fiscal grants or subsidies. 

The consolidation of central government and central bank accounts has 

implications for our definition of seigniorage. In a closed economy, the 

central bank's monetary balance sheet is given by the equality between 

its assets and its liabilities. Assets include its claims on government 

(b°), on the private sector (a) and foreign assets (0). Its liability is the 

monetary base (h): 

91 For example, as shown by the experience of Latin American countries during the 1980s debt 

crisis, central banks can incur substantial operating losses that make up the QFD. 

Easterly & Schmidt-Hebbel (1991) calculate the central bank QFD in Argentina and Chile 

at a cumulative fifty-five and forty-one per cent of GDP. respectively, during the period 
1982-5. Also, Giovannini & de Melo (1993) analyse financial repression. also part of the 
QFD. 

92 Buster (1996) reports the case of the Russian State Savings Bank. Suerbank. that 

accumulated Russian T-bills at prices higher than would otherwise have prevailed In the 

market and, also, an industrial policy of sorts in order to keep the banking industry 

afloat. See also the studies reported in Section 2.1 of Chapter I. 

99 For this calculation and other measurement issues, the reader is referred to Robinson & 

Stella (1993), Blejer & Cheasty (1991) or Rezende-Rocha & Saldanha (1992). 
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Equation 52: b° +a+0=h 

Small variables are written as a ratio of the price level94. For simplicity, 

we assume that 0=0. The government's stock constraint is: 

Equation 53: 1= b" + b` 

where j denotes government indebtedness. Consolidating both of these 

into a public sector wealth constraint yields: 

Equation 54: 
h+ bp =a+j 

as-b" =h-J k 

The second line of this equation shows the public sector's net assets on 

the left hand side. The right hand side is equal to the public sector's net 

indebtedness, vis-ä-vis the private sector. We refer to the public sector's 

net indebtedness as k. 

Using this consolidation of public sector accounts, Drazen (1985) 

explores a "hybrid" measure of seigniorage by distinguishing between 

two sources of revenue derived from the public sector's dual role as a 

taxing authority and as a monopolistic producer of money. 

When this distinction is made, two revenue sources emerge. The first 

pertains to the revenue from expanding the existing money stock while 

the second comes from profits earned by the money producer by virtue of 

the public's desire to hold a given level of real balances. The former is the 

total monetisation measure, while the latter incorporates an opportunity 

cost of holding money. Per capita revenue from money creation is given 

by°5: 

94 Note that this can be compared with Phelps's term for the money supply. given in Equation 
35, for which a=0,1. e. high-powered money consists of the central bank's claims on 
government. 

95 Note that this can be written in a number of different ways. 
Id[! 

NJ 
j+n M. 1d BF-1 

+p 
M. aIM I+(n+0)-M- 

. ; -! 
L 

.i {m'+nro'}.! {t+ps}. w +In+p fill, 
NP dt PN N dt PN dt `PN PN PN PN 

where 
d XýXY-XY 

and Om-E, n N, x M, m  MM 
. 

m  N. dt Y YY PNP PN 
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Equation 55: N= 
tin 

where maTN and µ=M=m, +n=p+X=m+p+n. 

In addition to this revenue from money creation, there is also a 

component of revenue that accrues to the government by virtue of the 

already existent real balances held by the public. 

The net revenue of earnings from its net asset holdings. given in 

Equation 54, is given by 

Equation 56: i(a-bp)-[p+n](a-bp)=[r-n](a-bp 

This assumes that the real interest rate is constant, exceeds the real 

growth rate of the economy, and is governed by the well-known Fisher- 

relation, i= r' + n, which says that the expected real rate of interest is the 

nominal rate less the expected rate of inflation. Actual inflation is equal 

to expected inflation. 

While the government earns i" [a 
- bp ] on its net assets, it must increase 

its nominal asset holdings to keep the real value of its assets constant in 

the light of inflation and population growth, which is reflected by the 

second term. The right to issue money allows the supplier to sell non- 

interest-bearing assets and buy interest-bearing ones with the proceeds. 

The real profits earned are the net value of the assets purchased 

multiplied by the interest rate. 

Consequently, Drazen's measure for total revenues associated with 

money creation, in per capita terms, is the sum of Equation 55 and 

Equation 56: 

Equation 57: s4 = µm + [r - n] (a 
- bP 

We can re-write this within the deficit financing framework to show the 

exact sources of deficit finance. To simplify, we assume that the elasticity 

of real money demand with respect to real income is unity and that the 

population size remains constant, i. e. N=0, which implies that Q=Q. 

We also assume that m=h. From Equation 42, we have the 
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relationship h=p+dr, which is inserted into the identity ii a h[h - pý . 
This is, in turn, inserted into Equation 55 and re-written given our 

assumptions, to yield the total monetisation part of seigniorage, given by 

ph+h=h(p+ä). 

It follows that the government can finance its primary deficit, written in 

per capita terms, either through debt-finance (first term on the right 

hand side), through total monetisation (second term) or through the 

interest earnings accruing to the central bank: 

Equation 58: g-ti=bp+(p+v)h+(r-äXa-bp) 

This can be re-written to show the exact sources of finance of the 

government's deficit: 

Equation 59: 

g-ti+ib =bp +(p+ä)bp +(p+Q)b° +(i-Q)b° +(p+Q)h+(r-ä)a 
1 11 IlIB ILIA 

The left-hand side of this equation is the per capita conventional fiscal 

deficit or the financing requirement of the government. The right-hand 

side gives all the sources of financing. 

Source I in the increase in government debt held by the private sector, 

which constitutes debt-financing. Source II is termed bond-seigniorage 

and derives from the additional issue of government securities, without 

changing the per capita real debt situation96. The source of bond- 

seigniorage is thus growth and inflation. Bond-seigniorage is just the 

change in nominal indebtedness in order to account for growth and 

inflation. 

Finally, source III is called money seigniorage and is derived by virtue of 

the government's monopoly on base money. This term can be re-written 

to equal i"h. Money-seigniorage is split into non-cash seigniorage (IIIB) 

and cash-seigniorage (IIIA) which constitutes the seigniorage transferred 

to the government by the central bank. Non-cash seigniorage reflects the 

net opportunity cost revenue from Interest-free credit of the central bank 

to the government. 

96 The term bond-seigniorage is from Sargent & Wallace (1981). 
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Many models of inflationary finance consider only the tax on currency 

(fiat money) as a source of deficit finance. Typically, governments also 

levy a tax on non-interest-bearing deposits held by commercial banks 

with the central bank (reserve requirements) V. This prompts the 

inclusion of an additional term into the seigniorage equation. as has 

been considered by some of the following studies, notably Drazen (1989) 

and Rovelli (1994). 

2.7 Reserve requirements on commercial banks 

In some countries, seigniorage revenue also accrues to the central bank 

through commercial banks' reserve requirements at the central bank. 

The main function of financial intermediaries is to hold deposits, Z from 

the private sector and transform these into loans. Consider a 

representative financial intermediary's balance sheet to be given by: 

Equation 60: Z= cwZ + (1- w)Z 

Nominal reserve holdings by commercial banks are denoted a, while Z 

represents nominal bank deposits. The equation shows that financial 

intermediaries must deposit a fraction w=Q /Z of their deposits at the 

central bank, termed the legal reserve requirement. Consequently, they 

can make loans to finance capital accumulation in the value of the 

residual, given by the second term in the above equation. 

The fraction of their deposits held at the central bank will only earn 

financial intermediaries a return, i°, that falls short of the market 

interest rate. The shortfall in real earnings, equal to (i 
- i°) , where i° 

represents the rate of interest which legal reserve requirements 

command, accrues to the central bank as part of its (seigniorage) profits. 
Real reserve requirements, as a fraction of GDP, are written as m. 

The legal reserve requirement can be viewed as a source of seigniorage. 
Prima facie, the advantages of the reserve requirement as seigniorage 

income lies in avoiding inflation, since it generates additional demand for 

the monetary base at any given level of prices. 

97 Theoretical microeconomic models which analyse the role of reserve requirements of closed 
economies in a public finance framework have been developed by Romer (1985). Brock 
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Some countries have also imposed so-called multiple reserve 

requirements, aimed at financing a government deficit at the lowest 

possible inflation rate without discouraging savings. Typically, two types 

of requirements are imposed: cash reserves and forced holdings of 

government securities. This means that multiple reserve requirements 

reduce inflationary pressures by avoiding full monetisation of 

government bonds, as these are forced into commercial banks' portfolios, 

while, at the same time, easing the burden of a non-interest-bearing 

reserve requirement on commercial banks since government bonds pay 
interest. 

(1989). Freeman (1987). Mourmouras & Russell (1992) and Espinosa-Vega (1995). 
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2.8 Dual equilibria 

In this section, we show some of the implications for seigniorage models 

of introducing rational expectations. This section will focus on the model 

put forward by Bruno & Fischer (1990) which compares equilibria with 

both adaptive and rational expectations. 

The rational expectations methodology has had a profound impact on 

macroeconomic theory and policy analysis. Initially proposed by Muth 

(1961), it addressed the shortcomings of previously developed theories 

on expectations formation, most notably the feature of systematic errors 

in forecasting the future. The rational expectations hypothesis asserts 

that forecasters do not make systematic errors but, instead, are correct 

on average. Forecasting errors are treated as random fluctuations. 

In the rational expectations methodology, expectations are no longer 

determined prior to the modelling of the economy. Instead, they are 

determined simultaneously with other endogenous variables. 

Formally. the rational expectations forecast of inflation is: 

Equation 61: i=p+E, E- iid(O, a2 ) 

This typically leads to dynamic models generating unstable dynamic 

behaviour. To obtain bounded solutions, it is necessary to solve such 

solutions forward, instead of backward, as was done in traditional 

dynamic models. The announcement that a change will occur in the 

future has an immediate effect on the economy, prior to the event having 

taken place. 

Sargent & Wallace (1981) generated some interest in the issue of deficit 

financing within a rational expectations framework. They pointed to an 

important implication of the government budget constraint: debt 

financing may be more inflationary than money financing in the long 

run98. Although a reduction in the money-financed share of the deficit 

should lead to lower inflation, the public may interpret this to mean that 

the government will at some point in the future raise money growth to 

compensate for the current higher debt accumulation. This expectation 

9 Tumovsky (1995) broadly supports this result. 
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will induce higher current inflation, despite less money-creation. Hence, 

the relationship between money growth and inflation is ambiguous. They 

conclude that bond financing is infeasible where the post-tax real rate of 
interest exceeds the growth rate. 

The proposition that money financing of the government deficit is 

generally stable, while bond financing may produce instability, is a well- 
known one. Money financing is expansionary, thereby raising the tax 
base, tax receipts and reducing the deficit and the quantity of additional 
money necessary for financing the deficit. 

By contrast, bond financing is associated with accumulating interest 

payments and the need to finance these is the critical destabilising 

element. Unless this method of financing raises enough taxation receipts 
to pay for the mounting interest payments, the dynamics will prove to be 

unstable. This is exacerbated by the fact that bond financing tends to be 

less expansionary than money financing, as it is associated with a rising 

rather than a falling interest rate. 

When a government finances its deficit by printing money, multiple 

equilibria may emerge. Bruno & Fischer (1990) show that under adaptive 

expectations, the low inflation equilibrium is stable, while, once rational 

expectations are introduced, this equilibrium becomes unstable, while 
the high inflation equilibrium exhibits stable properties. Closing the 

model through, for example, an exogenous growth rate of money, which 

endogenously determines seigniorage, eliminates one of the equilibria. 

The real demand for high-powered money, h, is assumed to be of the 

Cagan variety99, given by: 

Equation 62: =h= exp{- an} 

Differentiating Equation 62 with respect to time obtains: 

99 Compare Equation 25, which is written in log form and adjusted for the non-growth 
scenario. 
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Equation 63: µ-ä+ ai =p 

This equation states that actual inflation is given by the sum of the 

growth in the money supply and expected inflation, less the growth rate 

of real income. Expected inflation is given by Equation 67. 

The deficit is assumed to be entirely monetised, implying from Equation 

62 that seigniorage (s) is equal to: 

HH 
Equation 64: s=q= H-" Py =µ" exp {- apt} 

aµ=s"exp{+an} 

where q denotes that part of the deficit financed by seigniorage, it is the 

expected rate of inflation and a is a parameter. 

Equation 64 describes the evolution of the money growth rate; given that 

it adjusts to ensure that exogenous seigniorage is always honoured, and 

given the expected level of inflation. Contrary to Cagan's model that 

assumed an exogenous money growth rate and an accommodating 

inflationary adjustment, this model takes the rates of inflation and 

monetary growth as accommodating a level of seigniorage exogenously 

set by the government deficit. 

In the steady state, when h=0 or p=n, this implies that 

Equation 65: µ-6=p=7 

Substituting the term µ from Equation 65 into Equation 64 and 

maximising seigniorage with respect to the inflation rate yields the 

seigniorage-maximising inflation rate, the corresponding money growth 

rate and the maximum level of seigniorage revenue, respectively: 

Piopumum =ä1-ß 

Equation 66: 1 Iop 
, um =1 

a 

gloptimum =1 exp {aQ -1} 

The relationships in Equation 65 and in Equation 64 (second line) can be 

graphed in the (µ, n)-space. Equation 64 gives the finance constraint, 

which is denoted FC in the graph. It is a curve due to the logarithmic 
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relationship between the expected rate of inflation, it, and the growth 

rate of the monetary base, A. It cuts the µ-axis at q. In the steady state, 
p=p-ä so that the steady state can be graphed as an upward sloping 

45 line that cuts the µ-axis at 6. 

Figure 6: High- and low-inflation equilibria from money-financed 
deficits 

lt 

A 

The size of the deficit, q, will determine how many equilibria will result. 
There will be no steady state value for the deficit if it exceeds the 

optimum level, while a unique steady state results (dotted curve in 

graph) where actual q is either at its optimum level or is non-positive. A 

unique steady state emerges where FC is tangential to the steady state 
line, *=0, namely at point T in the figure. This is the case when ad =1. 

and is the condition derived above for maximum seigniorage. There will 
be two equilibria where q is non-negative but smaller than the optimum 

q. The latter case is shown in the graph. Two steady state equilibria 

emerge: the low inflation equilibrium at point A and the high one at point 
B. This is a reflection of the seigniorage Laffer curve. It is clear that being 

at point A is more desirable than being at point B. 

Which of these points the economy may find itself at depends on the 

relative stability (convergence) properties of each point. These arc 
determined by the expectations formation process. 
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We turn to examine the stability properties of the steady state, given 

adaptive expectationsl00. Equation 63 is solved for the rate of inflation 

and substituted into Equation 26, which gives the adaptive expectations 

assumption algebraically. This yields: 

Equation 67: A nj 

This equation states that with adaptive expectations adjusting 

sufficiently slowly, so that aS < 1, i. e. ß<0, if expected inflation is above 

the rate of monetary growth less the growth rate of real income, then the 

expected inflation rate will decline and vice versa. This implies that the 

equilibrium is stable. In the figure, A is stable, while B is unstable. 

The system is characterised by the pair of dynamic equations given in 

Equation 64 and Equation 67. These are defined over three unknowns. 

namely p, u and s. To close the model, Bruno & Fischer (1990) assume 

that the growth of money accommodates exogenous seigniorage in full. 

Consider now an increase in the deficit, which has the effect of shifting 

the FC curve out and to the right. This will produce an instantaneous 

jump in µ (and in p) from points A to C. As inflationary expectations 

adjust, µ (and p) will gradually move upward to X. At this point, the 

government must print money more rapidly to compensate for the lower 

seigniorage tax base. 

As the deficit increases more and more, it may exceed its maximum rate 

given in Equation 66. Graphically, this is where the financial constraint 
(given by the dotted curve) is tangential to the steady state line, namely 

at point T. Any deficit beyond this point will imply hyperinflation, 

without a steady state. 

The stability-instability properties of points A and B will be reversed in 

the case where aS > 1, implying either that expectations adjust rapidly or 

that the demand for money is particularly interest elastic. In this case, 
hyperinflationary and hyperdeflationary dynamics emerge. 

100 Bruno & Fischer (1990) suggest that this assumption is appropriate in cases where there is 
no reliable data on the government budget deficit or money growth. This is often the case 
in countries characterised either by high inflation rates and inadequate statistical systems 
or by low credibility of government announcements pertaining to policy or data. 
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Consider, instead, the assumption of rational expectations. given by 

Equation 61. As before, Equation 63 is substituted into this equation to 

yield the following dynamics of the inflation rate: 

Equation 68: 
ät p=ä [p +Q- µJ 

Given the assumption of rational expectations formation, all points on 

the FC curve are equilibria. While point B now represents a stable 

equilibrium, there is no a priori rationale for one equilibrium being 

preferred to over another, unless a learning process or a different means 

of generating dynamics is present'°'. 

In conclusion, Bruno & Fischer find that the policy of fixing the money 
growth rate can circumvent the problem of dual equilibrial02. Extending 

the model to the open economy to allow for foreign borrowing upholds 
the dual equilibria result for the case where the government fixes the 

real exchange rate. However, when the growth rate of money or the 

nominal rate of depreciation is held fixed by the monetary authorities, a 

single equilibrium is possible. 

These results present a powerful message for policy. In the authors' own 

words: 

[A]llowing monetary policy to accommodate fiscal pressures not only leaves the 
inflation rate to be determined by the fiscal authority. but - because of the 
possibility of multiple equilibria - also increases the likelihood that the economy 
will find itself operating at an inflation rate higher than it need be. A fiscal anchor 
cannot replace the monetary anchor. Ip" 3731 

In an application of this model, Adam (1995) analyses the inflationary 

dynamics in Zambia, within the context of fiscal reform and financial 

liberalisation. In the Zambian case, financial liberalisation served to 

reduce the demand for real balances, resulting in less seigniorage 

revenue and, hence necessitating a substantial fiscal squeeze. The flight 

from domestic money was so rapid that the only fiscal mechanism that 

was able to implement price stability was the cash budget, which 

eliminated money creation as a means of financing the deficit. 

101 For further discussion of such possibilities. see Cukierman & Uviatan (1992). 

102 However. for this policy, the stability of the equilibrium is more problematic as it will 
depend also on the interest elasticity of saving, in addition to depending on the speed of 
adjustment of expectations, as seen previously. 
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Adam assumes adaptive expectations throughout, to reflect the Zambian 

environment of frequent policy reversals and high uncertainty103. 
Seigniorage is taken to be the growth in the real value of base money 

held by the private sector, i. e. the total monetisation measure, 

s =1VI/P =11. x = 
(p 

+ 
X)x . In the steady state, this reduces to Equation 

29. In this case, the Laffer curve plots the sustainable level of seigniorage 

consistent with the level of income and type of demand for money 
function, given here by the well-known Cagan formulation. 

The main difference to Bruno & Fischer (1990) Is that Adam closes his 

model by assuming that seigniorage is endogenously determined by 

accommodating exogenous money growth. Hence, the system is 

characterised by Equation 63, Equation 64 and Equation 67, whereby 

the latter equation takes seigniorage to be endogenous and the money 

growth rate to be exogenous. This assumption appears appropriate for a 

model characterising a (transition) economy undergoing a stabilisation 

programme with targets for reserve money. 

103 The alternative assumption of rational expectations allows for the treatment of credibility 
issues. However, in Adam (1995). seigniorage is taken to be variable and not fixed as in 
Bruno & Fischer (1990). Hence, the rational expectations equilibrium is not illuminating 

as the economy will always be in the steady state. Transition economies might benefit 

more from a hybrid approach to expectations modelling. e. g. one given by Cukierman & 
Liviatan (1992), which combines the process of learning with signalling. 
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3. OPEN ECONOMY ISSUES 

So far, we have focussed on a closed economy. We now describe some of 

the Implications of a particular exchange rate regime on seigniorage. We 

also review the Importance of currency substitution for seigniorage 

revenue. 

We distinguish three types of exchange rate regimes, floating (or a 

managed float), a fixed (or crawling peg) and a currency board. Each 

regime has a different Implication for seigniorage revenue. 

A floating regime allows the government to collect seigniorage, to 

determine its own inflation rate and optimal rate of seigniorage collection 

and to conduct counter-cyclical monetary policy. Under a fixed rate, the 

government collects seigniorage but at a rate determined by the foreign 

country's inflation rate. 

A currency board is an institutional arrangement that guarantees the 

exchange of domestic currency, on demand, at a fixed exchange rate, for 

a chosen anchor or reserve currency. Under a currency board, the 

money supply is endogenous and determined by market forces. Interest 

rates will be determined by the anchor country's rate and will be equal, 

provided that there is full confidence in the currency board. In giving up 

the choice of its inflation rate and accepting the anchor country's 

inflation rate, the home country faces a welfare loss. A country using a 

currency board holds interest-earning reserves against the domestic 

currency. It earns profits from the difference between the interest earned 

on its reserve assets and the expense of maintaining its note and coin 

circulation. 

Currency substitution - the switch from domestic money to a safe 

"anchor" currency, such as the dollar - has been pervasive in countries 

characterised by high inflation, which induces residents to move out of 

the domestic currency into a safe currency, in order to protect the real 

value of their wealthy. 

104 However, currency substitution need not be caused merely by high domestic inflation. It 

can also be motivated by the desire to evade taxes or to launder (drugs-trade-related) 
money. 
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Studies confirm the theoretical proposition that anticipated depreciation 

is a major determinant of the extent of dollarisation. Fluctuations in the 

ratio of foreign to domestic deposits have been found to coincide with 

expected depreciation. It is often "irreversible" in that once resources 
have been converted into an anchor currency, it is diMcult for the 

government to reverse this trendlos. 

Currency substitution can take different forms. High domestic inflation 

can induce residents to hold US dollars or D-Marks in the form of actual 

currency or in overseas deposits. In some instances, the government 

may allow the domestic banking system to offer foreign currency 
denominated deposits to stem capital flight and to import an anchor 

currency into the country. Governments typically levy very high reserve 

requirements on foreign-currency deposits. Consequently, international 

reserves often increase when foreign-currency deposits are allowed. 

Currency substitution also occurs when foreign currency is used to pay 
for domestic transactions, for example, consumer goods, land or 

property. 

Currency substitution impacts on seigniorage revenue by reducing the 

seigniorage tax base. A number of studies confirm that the Laffer curve 

shifts down once foreign-currency deposits are allowed and substitution 
takes place. This phenomenon also makes the inflation tax even more 

regressive since currency substitution is usually carried out by 

consumers of larger wealth. 

Currency substitution complicates macroeconomic management. In 

particular, the demand for money is much more unstable in the 

presence of currency substitution. 

105 The case of Chile is a notable exception. 
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4. EMPIRICAL QUANTIFICATION OF SEIGNIORAGE 

4.1 Seigniorage measures chosen in literature 

Most empirical modellers of seigniorage appear to use the monetisation 

measure, including Fischer (1982), Dornbusch (1988), Gros & Vandille 

(1996), Caruso (1995) º Bruno & Fischer (1990). 

Among these, Gros & Vandille (1996) justify their choice of the 

monetisation measure of seigniorage in the transition context due to the 

difficulty of choosing an appropriate interest rate in transition 

economies. 

Caruso (1995) also studies seigniorage dynamics is transitional 

economies and uses a variation the monetisation measure, given by 

Equation 51. His measure formulates the seigniorage tax rate in terms of 

velocity, while the tax base in the usual one. To obtain an estimate of 
velocity. Caruso adopts the hypothesis that velocity, V. is positively 

related to expected inflation: 

Equation 69: V= V(n, x) 

Anticipated inflation translates into a fall in holdings of cash balances 

and, hence, an increase in velocity. X denotes the vector of other 

explanatory variables. These include the imperfections of the payments 

system, widespread barter. changes in the propensity to save (in 

monetary form), currency substitution issues, the accumulation of large 

amounts of uncollectable credits on behalf of intra-firm trade. 

Caruso performs a pooled estimate of nine countries of the former USSR 

with forty-six quarterly observations. He estimates the velocity both in 
levels (with a trend) and in first differences, with country dummies, as a 
function of the rate of inflation. The resulting figures permit an overall 

assessment of seigniorage. 

Others observers of seigniorage have used the opportunity cost measure. 
Hochreiter et al. (1996) provide estimates for seigniorage in the Czech 

Republic, Hungary and Romania and compare these with seigniorage in 

Germany and Austria, their two benchmark cases. They use different 

definitions to measure seigniorage, depending on the country-specific 
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environment. In high inflation countries, most scigniorage accrues as an 

inflation tax. Due to the difficulty of finding a suitable value for the 

nominal interest rate in these circumstances, they argue that the 

inflation tax, as defined in Equation 29, is the most appropriate measure 

of seigniorage in high-inflation economies. The opportunity cost 
definition, used in Phelps (1973), is calculated as an approximation of 

seigniorage in all other cases. 

Barro (1982) compares the empirical results for the opportunity cost and 

the monetisation measure, using the US as an example. He takes the 

seigniorage tax base to be the annual average of high-powered money. 
The interest rate for the opportunity cost definition is measured as the 

yield on US government securities with three year maturities. The 

seigniorage tax rate is Ii = Ht - H, 
_1, where H, is the seasonally- 

unadjusted value for December. Barro finds that, typically. the 

monetisation measure of seigniorage is smaller that the opportunity cost 

measure, i. e. Ii <i"H, although substantial fluctuations arise from year 

to year. 

4.2 The empirical importance of seigniorage 

There is convincing evidence that seigniorage has constituted a major 

source of revenue for governments across the globe. Fischer (1982) 

reports on the amount of seigniorage collected by governments in 

industrial countries in the period 1960-73, which, using the 

monetisation measure of seigniorage, he estimates at an average of 1.1 

per cent of GNP. For developing countries, the ratio of creation of high- 

powered money to GNP averages more than two per cent, while in high- 

inflation countries, it was found to reach as much as 6 per cent. 

Hochreiter et al. (1996) provide estimates for seigniorage in the Czech 

Republic, Hungary and Romania and compare these with seigniorage in 

Germany and Austria, their two benchmark cases. Seigniorage In 

Hungary is found to be four times, and in Romania as much as thirty 

times, the benchmark value. In Romania, seigniorage was the 

consequence of high inflation. Hence, the inflation tax was calculated 

with an inflation tax rate of 255 per cent per annum (the rate of inflation) 

and an inflation tax base of 12 per cent of GDP. Instead in Hungary, the 
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opportunity cost definition was applied with a tax rate of 15 per cent and 

a tax base of 33 per cent. Seigniorage in Hungary amounted to 6.3 per 

cent of GDP, while in Romania, it was as high as 22 per cent of GDP, 

compared to the benchmark of less than 0.6 per cent of GDP. In the 

Czech Republic, estimates of seigniorage were similar to the German and 

Austria benchmark values of around 0.8 per cent of GDP. 

The governments of Hungary and Romania received a substantial share 

of central bank seigniorage. In both countries, seigniorage revenues have 

contributed generously towards the financing of the deficit. Seigniorage 

retained for the purpose of bolstering reserves was relatively high in the 

Czech Republic (0.5 per cent of GDP) and in Romania (0.34 per cent of 

GDP). 

Gros & Vandille (1996) initially compare the seigniorage tax base across 

countries and find that it varies considerably, ranging from some 3 per 

cent of GDP in Slovenia to almost 20 per cent of GDP in the Czech 

Republic. Next, they estimate seigniorage revenues for eight economies 

in transition from 1989 to 1993106. Results show seigniorage of up to 24 

per cent of GDP for Poland in 1989 and 19 per cent for Russia in 

1992107. Equally, Hungary, Romania and Estonia are found to exhibit 
high seigniorage revenue collection (compared to the Southern European 

norm), whereas Czechoslovakia (until 1993) and Slovenia have not taken 

recourse to this means of financing. However, these results fluctuate 

considerably from one year to the next and may cast some doubt on 

their informational value. For example, in Poland, seigniorage revenues 

as a percentage of government revenues were 76 per cent in 1989,28 

per cent in 1990, nine per cent in 1991 and 15 per cent in 1992. 

In his estimates covering a selection of transition economies, Caruso 

(1995) also finds seigniorage to be very high in 1992. about 28 per cent 

of nominal GNP in Russia. For Ukraine, seigniorage was 20 per cent of 

GNP, while is Belarus, Kazakhstan and Uzbekistan, it was around ten 

per cent. 

'06 See also van Aarle & Budina (1996). 

107 Easterly & Vieira da Cunha (1994) calculate the Russian inflation tax in 1992 and find that it 
is as high as 30.9 per cent. 
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4.3 Was seigniorage important in the TE3? 

It has become increasingly clear that transition economics grappled with 

their budget deficits in the early stages of reform. It is well-known that 

most transition countries experienced massive output declines. A 

number of observers of transition have found that during these initial 

stages of transition, budget deficits are largely monetised108. 

All three transition economies we consider here, namely, Hungary, 

Poland and Slovenia experienced large primary fiscal deficitslo9.110. As 

reported in Chapter I, this problem was exacerbated by a fall in the tax 

base due to the substantial drops in output. Further, the collapse of 
CMEA trade meant that countries faced a shortfall in their trade tax 

revenue. 

While the governments of the TE3 kept expenditure under control, social 

expenditure increased as a share of GDP, highlighting the politically 

sensitive nature of such programmes. Poland and Hungary also faced an 

excessive foreign debt burden, in particular. At the outset of reforms, 
foreign debt to GDP ratios in these countries were 82 and 70 per cent, 

respectively. 

In the early 1990s, fiscal deficits in the 7E3 appear to have been 

financed to a large extent through direct central bank credit to the 

government at below market interest rates, i. e. through seigniorage. 

This development is hardly surprising considering idiosyncratic 

constraints these transition economies faced with respect to fiscal 

financing opportunities, in effect, limiting access to sources of deficit 

financing. On the one hand, governments could not rely extensively on 

external borrowing as they were already heavily indebted. On the other 
hand, they could not resort to the sale of domestic securities to the 

private sector, due to the fledgling state of their financial markets and 

instruments. Negative interest rates throughout the initial phase of 

108 See. for example. Bruno (1993), Buiter (1996), Easterly (1996). Budlna & van Wynbergen 
(1997) or Wyplosz (1999). 

109 See also Wyplosz (1999), Hochreiter et al. (1997). 
110 According to Budina & van Wignbergen (1997), p. 49. there also appear to have been fairly 

substantial quasi-fiscal deficits that hid a considerable amount of public expenditure in 
transition economies. 
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transition were symptomatic of these problems. These factors appear to 

have forced governments to monetise their deficits instead. This helped 

to fuel inflation. 

From a public finance perspective. the phenomenon of negative interest 

rates tends to generate a high demand for real balances, implying a low 

of falling velocity of circulation of money and, hence, a large inflation tax 

base. This may have made monetisation a more attractive option"'. 

We now quantify seigniorage - the governmental revenue arising from the 

creation of base money - in three transition economies, namely, 
Hungary, Poland and Slovenia. We calculate four different measures of 

seigniorage for each country. These reflect the different approaches 
discussed at the beginning of this chapter, namely, the inflation tax, the 

total monetisation and opportunity cost concepts and the consolidated 

approach. We compare and contrast these four definitions. 

4.4 Seigniorage estimates 

In this section, we quantify seigniorage for Hungary, Poland and 
Slovenia, based on the different measures discussed above and subject 
to data availability. All data are taken from Datastrea n. 

Table 11 and Figure 7 show the results for Hungary. It emerges that 

seigniorage revenue was higher at the start of transition and that this 

result holds, regardless of the measure calculated. Also, seigniorage 

revenue experienced a trend decline across the period. In Hungary, 

depending on the measure used, seigniorage revenue varied between 7- 

15% of GDP at the beginning of transition, declining to between 1-7.5% 

of GDP by the beginning of 1993. After the botched stabilisation effort, it 

increased steadily to around 3-10% until the implementation of the 

Bokros plan in 95M2. From then onwards, it followed a steady decline to 

reach between 1-3% by the end of the 1990s. 

What is clear from this figure is that while all seigniorage measures 

exhibit clear co-movement in time, there was a substantial difference in 

i There is some anecdotal evidence that negative short term real rates forced the private 
sector to keep Its savings in liquid forms. In Poland. for example. up to 1546 of private 
savings are estimated to have been placed outside the financial system. creating a supply 
shortage in money available for investment purposes and driving up the interest rates. 
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the quantification of seigniorage, depending on the measure used. The 

difference across measures was as large as five per cent of GDP. The 

opportunity cost measure tended to yield the highest figures over the 

period. Also, the monetisation measure and the consolidated approach 

yielded very similar numbers and only differed at the beginning of the 

process, suggesting that the second term in the consolidated approach 

does not add much value as far as quantification is concerned. Finally, 

more co-movement across the different series was discernible after the 

implementation of the Bokros programme. 

Figure 7: Estimated seigniorage measures in Hungary, %GDP, 91M3- 
99M3 

15 

il 

!. 5 

10 / 1 
i J 

7.5 

5 

2.5 

0 
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Table 11: Seigniorage in Hungary (%GDP), year end 

Year Inflation 
tax 

Total 
monetisation 

Opportunity cost Consolidated 

s'=j- s2=M 
M s3 = (p + r)x = ix s4=µm+(rrya- d' 

- x PM 
1990 
1991 9.81 11.47 
1992 7.74 6.53 8.51 6.80 
1993 6.61 2.62 5.61 2.58 
1994 5.17 5.88 8.08 5.52 
1995 6.79 4.79 8.73 4.40 
1996 5.40 4.01 6.09 4.14 
1997 3.56 2.78 4.27 
1998 2.49 2.23 3.36 
1999 

HNSI - HNS2 
HNS3 HNS4 
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For Poland, the results are given by Figure 8 and Table 12. In the first 

year under study, only the inflation tax measure of seigniorage was 

available due to limitations in the availability of the data. This measure 

rose from 15 per cent of GDP in 1990 to just over 25 per cent of GDP by 

the middle of that year. Subsequently, the seigniorage-to-GDP ratio 

experienced a steep drop and by the beginning of 1991, it consistently 

stayed in single-digit figures. There was significant co-movement of the 

seigniorage measures across the sample. In fact, especially since 1991. 

the four measures did not differ from each other by more than 0.5-2 per 

cent of GDP. We find again that the total monetisation measure (S2) and 

the consolidated measure (S4) have very similar time paths. In the Polish 

case, the time series of the inflation tax (Si) and of the opportunity cost 

measures (S3) resemble each other strongly. 

Figure 8: Estimated seigniorage in Poland, %GDP, 9OM1-99M3 

25 POST - POS2 
POS3 POS4 

20 

15 

10 h 

5 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 



153 

Table 12: Seigniorage in Poland (% GDP), year end 

Year Inflation 
tax 

Total Tmonetisation Opportunity cost Consolidated 

SI =OK s2 
Mx s3= (p + r) x=ix s4 = Vin + (r - n) a- N' 
PM 

1990 21.07 8.94 
1991 8.05 5.18 
1992 4.63 2.82 5.43 2.65 
1993 3.43 2.20 3.61 2.08 
1994 2.28 1.23 2.28 1.24 
1995 1.71 1.71 1.77 1.66 
1996 1.19 1.50 1.33 1.35 
1997 0.88 1.47 1.37 1.04 
1998 0.74 1.33 1.28 1.10 
1999 0.07 0.09 0.14 

Finally, in the Slovenian case, seigniorage also underwent a similar 

downward trend over the transition decade. The results are shown in 

Figure 9 and in Table 13. 

Figure 9: Estimated seigniorage measures in Slovenia, %GDP, 
91M12-98M1 1 
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The results show that, compared to the other two countries, the 

collection of seigniorage in Slovenia appears to have been fairly modest 
during the period under study and did not exceed two per cent of GDP. 

All measures show significant co-movement across time, with the 

SJSI - SJS2 
SJS3 SJS4 



154 

notable exception of the consolidated measure that appears, at times, to 

move counter-cyclically to the total monetisation measure. 

Table 13: Seigniorage in Slovenia (% GDP), year end 

Year Inflation tax Total monetisation O pportunity cost Consolidated 

sI = (Pc 
s2 =M=Mxs3 = (P + r) x= ix s4 =µm + (r - n) a- bF' 

PM 

1990 
1991 
1992 0.80 0.13 0.58 0.15 
1993 0.50 0.78 0.59 1.01 
1994 0.34 0.52 0.51 0.73 
1995 0.25 0.59 0.42 0.64 
1996 0.21 0.37 0.40 0.28 
1997 0.21 0.41 0.42 0.27 
1998 0.20 0.40 0.45 0.26 
1999 

We also show all the seigniorage measures considered in this section on 

the same graph. This is given in Figure 10. 

Figure 10: Estimated seigniorage measures, %GDP, 90M1-99M1 
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Finally, we also look at these each of these measures in the different 

countries in Figure 11: 
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Figure 11: Comparison of seigniorage measures, %GDP, 90M 1-99M 1 
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A number of interesting results emerge from the estimation of different 

seigniorage measures across the three countries we study. First, Figure 

10 shows that seigniorage in the TE3 has experienced a downward trend 

over the transition period. Second, all measures converged over the 

reform period and were of the order of 1-2 per cent of GDP at the end of 

the sample period. Third, according to some measures, Poland and 
Slovenia earned very significant seigniorage revenue of around 25 and 30 

per cent, respectively, at the very beginning of their reform process, but 

these declined very rapidly to single-digit figures. Fourth, Figure 11 

showed that throughout most of the period, Hungary consistently earned 

the most seigniorage (as a proportion of GDP) followed by Poland and 

then Slovenia. 

In Table 14, we have calculated the correlation matrices for the four 

measures of seigniorage in each country. As the starting dates for each 

seigniorage time series varied due to data availability, the calculations 

relate to the largest common sub-period for each country. The means for 

these sub-periods are also shown. These calculations give us a guide to 

discuss the variations in seigniorage measures. Some interesting results 

are apparent. 
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Table 14: Correlation matrices and means for seigniorage measures 
in all three countries 

Hungary 92M1.96M7 
Si S2 S3 S4 

Si 1 
S2 0.24423 1 
S3 0.32385 0.81866 1 
S4 0.30914 0.99224 0.78691 1 

Mean 6.475 4.877 7.564 4.739 

Poland (92M 1-98M8) 
Si S2 S3 S4 

Si 1 
S2 0.6804 1 
S3 0.96736 0.73727 1 
S4 0.77918 0.94159 0.76068 1 

Mean 2.197 1.799 2.507 1.624 

Slovenia (92M12-98M6 
Si S2 S3 S4 

Si 1 
S2 0.84284 1 
S3 0.87935 0.78476 1 
S4 0.77872 0.87757 0.73611 1 

Mean 0.313 0.531 0.472 0.573 

First, as expected, S2 and S4 are highly correlated in all three countries. 

In Hungary, they were most correlated (with a correlation coefficient of 

0.99), while they were least correlated in Slovenia (0.88). This result 

suggests that the calculation of the consolidated measure for seigniorage 

does not add much information to the overall picture. It may also point 

to the conclusion that central bank seigniorage played a larger role in 

Slovenia than it did in Hungary or Poland where seigniorage revenue 

accrued mainly by virtue of inflation or income growth. 

Second, the inflation tax measure and the opportunity cost measure 

were also highly correlated in Poland (0.97) and Slovenia (0.88), but less 

so in Hungary (0.32). This result suggests that the main component of 

the loss to the holder of real money balances in the value of real 

balances was caused mostly by inflation. This is true particularly for the 

two countries that experienced an inflation crisis, namely Poland and 

Slovenia. It appears that in Hungary, the loss to money holders was 

caused, to a much smaller degree. by inflation. 

Third, except for Slovenia (0.84), the inflation tax measure and the total 

monetisation measure were not highly correlated. This suggests that 
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income growth played a large role in contributing to seigniorage revenue, 

especially in Poland and Hungary during the sample period. Again, the 

analysis in Chapter I. especially in Figure 1 confirms this. There, we saw 
that the path of output in Slovenia did not experience the same pattern 

as seen in the other transition countries we studied. The output drop 

and, especially, the subsequent recovery were much less pronounced 
than in Hungary and Poland. 

The main reason why the seigniorage concepts differ from each other is 

likely to be the state of the financial markets. Where these are 

underdeveloped, the "market" interest rate does not supply much 
information to market players. This means that it may not necessarily 

reflect the opportunity cost of holding money, thereby casting some 
doubt on the usefulness of the opportunity cost measure. 

In performing their estimation of seigniorage revenue in transition 

countries, Hochreiter et al. (1996) argued that the inflation tax is the 

most suitable measure of seigniorage revenue in high-inflation 

economies. 

In our view, Hochreiter et al. (1996) did not look sufficiently closely at 
the different proxies of seigniorage revenue. When one distinguishes 

closely the available proxies, as we have done, it becomes immediately 

clear that rather different results for the quantification of seigniorage are 
forthcoming. For example, Hochreiter et al. (1996) considered Hungary to 

be a low-inflation economy and, hence, calculated the opportunity cost 

measure. Looking at our results in Figure 7 and Table 11, using the 

opportunity cost measure can make a substantial difference, in some 

years as much as four per cent of seigniorage-to-GDP. 

Hence, our analysis strongly suggests that great care must be taken in 

selecting a seigniorage measure. Where no a priori justification exists for 

discrimination among measures, it can be of value to calculate all the 

available measures of seigniorage in order to obtain a more complete 

picture of what is going on. Our analysis has shown that, as the TE3 

approached market economy status, the different seigniorage proxies 

converged in all countries. This suggests that the further away are 

economies from a typical market-oriented economy, the more caution is 

required in quantifying seigniorage. 
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5. DETERMINANTS OF SEIGNIORAGE 

Finally, we discuss the determinants of seigniorage. The literature that 

seeks an empirical explanation for what determines seigniorage is thin 

and this is an area for future exploratory research. 

Click (1998) seeks to explain the cross-country variation of seigniorage 
based on the implications that emerge from optimum tax theory. These 

are that seigniorage should be positively related to the deadweight loss of 

using seigniorage as a tax and negatively to the deadweight loss of using 

conventional taxes. For the first, the interest elasticity of the demand for 

money is used as a proxy; while for the second, an appropriate proxy is 

considered to be per capita output. 

Concerning the first of these, where money demand is less elastic, 

seigniorage is the more efficient form of taxation and, hence, should be 

higher. With regard to the per capita income, seigniorage is expected to 

be higher in low per capita income countries since conventional taxes are 
less efficient relative to seigniorage in this environment"2. In addition to 

these, Click includes the standard deviation of government expenditure 
(as a fraction of GDP), as a measure for transitory - as opposed to long 

run or permanent - government expenditure. Finally, he includes a 

measure of international creditworthiness. However, the inclusion of this 

last measure may overlap with the effect attributed to per capita output 
as creditworthiness is positively related to income. 

Click's equation can be written as: 

Equation 70: s=E,,, r, og, a1 

Where Enr is the interest elasticity of the demand for money, y denotes 

per capita output, ag denotes the standard deviation of government 

spending (as a fraction of output) and w denotes the measure of 

international creditworthiness. The expected signs of the partial 

112 This link is strengthened by tests on employment in the agricultural sector. the proportion 
of taxes collected on international trade and on the proportion of taxes collected in the 
form of income, profits or capital gains taxes. The first of these should be positively 
correlated to the use of seigniorage, while the latter should be negatively correlated. These 
links are confirmed by Click (1998). 
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derivatives are indicated. Click finds significant coefficients for all these 

variables and they have the expected signs, too. This equation can 

explain up to sixty per cent of cross-country variation in seigniorage. 

While it would be interesting to assess econometrically the determinants 

of seigniorage in transition economies, an exercise similar to that of Click 

(1998) is limited due to the lack of data for our particular sample of 
transition countries. In particular, adequate estimates of the interest 

elasticity of the demand for money for our sample are not currently 

available113. In addition, measures of international creditworthiness are 

available for our countries'14, but appear to remain fairly static for our 

countries across the chosen sample periods suggesting that they may be 

of limited use for such an exercise. Despite these shortcomings, this is 

clearly an area for future useful research. 

Once the central bank and the fiscal authorities are regarded as separate 

and independent entities, monetary policy may be less geared by revenue 

considerations. The amount of seigniorage the government then receives 

will no longer be a choice variable but will be determined exogenously by 

the independent central bank. In addition, the central bank may also be 

able to determine how much of the collected seigniorage actually gets 

transferred to the treasury. 

Under these circumstances, it is reasonable to expect less seigniorage to 
be transferred to the government, the more independent is the central 
bank. This implies that either the central bank is generating less as 

revenue consideration are no longer given primary weight in seigniorage 

collection. Alternatively, it could mean that although revenue was 

actually being collected, it was being used up by the central bank and 

not transferred on to the government, feeding the quasi-fiscal deficit. 

Some studies have focussed on testing the postulate that seigniorage is 
lower the more independent is the central bank and the higher is 

political stability. These include Edwards & Tabellini (1991), Roubini 

113 At the time of writing, the author was not aware of the existence of these. However. Begg et 
al. (1996) conducted some unpublished estimates with reportedly good results for a 
number of transition economies, but these estimates relate to earlier sample periods than 
our selected sample periods. 

114 The reader is referred to the annual transition reports published by the European Bank for 
Reconstruction and Development, London. 
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(1991) and Click (1998). However, results have been mixed and 

statistical significance is obtained only when specifying these in their 

most general forms. High turnover of the central bank governor is 

consistently associated with higher seigniorage. 

In the context of transition economies, new central banks have been 

legally granted a high degree of political independence. However, in 

practice, this independence is often infringed upon. For example, 
Hochreiter et al. (1996) argue that, in Hungary, the vagueness of central 
bank law may allow governments to put political pressure on the central 
bank governor. Moreover, despite strict prohibitions of direct credit to 

the government, these limitations are not adhered to in practice. In 

Hungary, they have been overridden by budget laws in every year since 
the law's inception in 1992. As a possible consequence. both Hungary 

and Romania seem to have financed a large proportion of government 
deficits through seigniorage. 
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6. CONCLUSIONS 

This chapter has quantified revenues from seigniorage for Hungary, 

Poland and Slovenia, based on different proxies given in the literature. A 

number of interesting results emerge pertaining to both the nature of the 

four seigniorage measures analysed here and the importance of 

seigniorage for a particular country under study. 

First, seigniorage in the TE3 experienced a downward trend over the 

transition period. 

Second, all measures converged over the reform period and were of the 

order of 1-2 per cent of GDP at the end of the sample period. 

Third, according to some measures, Poland and Slovenia earned very 

significant seigniorage revenue of around 25 and 30 per cent, 

respectively, at the very beginning of their reform process, but these 

declined very rapidly to single-digit figures. Fourth, Hungary consistently 

earned the most seigniorage (as a proportion of GDP) followed by Poland 

and then Slovenia. 

Fourth, the total monetisation measure and the consolidated measure 

are highly correlated in all three countries. In Hungary, they were most 

correlated (with a correlation coefficient of 0.98), while they were least 

correlated in Slovenia (0.48 and 0.66). This result suggests that the 

calculation of the consolidated measure for seigniorage does not add 

much information to the overall picture. It may also point to the 

conclusion that central bank seigniorage played a larger role in Slovenia 

than it did in Hungary or Poland where seigniorage revenue accrued 

mainly by virtue of inflation or income growth. 

Fifth, the inflation tax measure and the opportunity cost measure were 

also highly correlated in Poland and Slovenia, but less so in Hungary. 

This result suggests that the main component of the loss to the holder of 

real money balances in the value of real balances was caused mostly by 

inflation. This is true particularly for the two countries that experienced 

an inflation crisis, namely Poland and Slovenia. It appears that in 

Hungary, the loss to money holders was caused, to a much smaller 
degree, by inflation. 
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Sixth, except for Slovenia, the inflation tax measure and the total 

monetisation measure were not highly correlated. This suggests that 

income growth played a large role in contributing to seigniorage revenue, 

especially in Poland and Hungary during the sample period. This was 

confirmed in Chapter I, were we saw that the path of output in Slovenia 

did not experience the same pattern as seen in the other transition 

countries we studied. The output drop and, especially, the subsequent 

recovery were much less pronounced than in Hungary and Poland. 

The main reason why the seigniorage concepts differ from each other is 

likely to be the state of the financial markets. Where these are 

underdeveloped, the "market" interest rate does not supply much 

information to market players. This means that it may not necessarily 

reflect the opportunity cost of holding money, thereby casting some 
doubt on the usefulness of the opportunity cost measure. 

In performing their estimation of seigniorage revenue in transition 

countries, Hochreiter et al. (1996) argued that the inflation tax is the 

most suitable measure of seigniorage revenue in high-inflation 

economies. In our view, Hochreiter et al. (1996) did not look sufficiently 

closely at the different proxies of seigniorage revenue. 

When one distinguishes closely the available proxies, as we have done, it 

becomes immediately clear that rather different results for the 

quantification of seigniorage are forthcoming. 

Hence, our analysis strongly suggests that great care must be taken in 

selecting a seigniorage measure. Where no a priori justification exists for 

discrimination among measures, it can be of value to calculate all the 

available measures of seigniorage in order to obtain a more complete 

picture of what is going on. Our analysis has shown that, as the TE3 

approached market economy status, the different seigniorage proxies 

converged in all countries. This suggests that the further away are 

economies from a typical market-oriented economy, the more caution is 

required in quantifying seigniorage. 

After having determined the relative importance of seigniorage at the 
beginning of transition, we now use these results to re-specify and 
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estimate seigniorage-augmented monetary policy reaction functions for 

the TE3 in the next chapter. 
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IV. TAYLOR RULES AUGMENTED BY 

SEIGNIORAGE: AN ECONOMETRIC 

APPLICATION TO HUNGARY, POLAND AND 

SLOVENIA 
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1. INTRODUCTION 

So far, we have found that the standard forward-looking Taylor rule 

specification does not describe monetary policy in Hungary, Poland or 
Slovenia. The specification of the reaction function as described in 

Chapter II, posits that the central bank sets its main instrument, the 

short rate, to limit expected deviations in inflation and output from their 

respective target and trends. 

However, evidence in the TE3 showed that one of the most significant 
barriers to stabilisation was the budget deficit. This suggests that 

perhaps policymakers in the TE3 may be conducting monetary policy 

with other, or additional, concerns in mind. Chapter III quantified 

seigniorage revenues in these countries and found that it was indeed 

substantial at the beginning of reform and then attenuated as these 

countries moved closer to the prototype market economy. 

In this chapter, we explore whether this seigniorage effect can also be 

quantified within the framework of monetary policy reaction functions. If 

it is true that, at the beginning of transition, monetary policy was 
targeting concerns different from price and output stabilisation, then 

this should be evident in the estimates of appropriately specified 

monetary policy reaction functions. This is what we attempt to show in 

the present chapter. 

Our aim is to identify an empirical relationship that is useful for 

characterising how the central banks in transition economies have 

adjusted the short-term rate over the past decade. 

The analysis in this chapter differs in at least three important ways from 

that conducted in Chapter II. First, our analysis takes into account - at 
least partially - the simultaneity and interdependent nature of economic 

series. It does this by estimating an unrestricted vector autoregression 
(in equilibrium correction form) for each country in the TE3, involving 

inflation, output and seigniorage. From this model, we obtain the inputs 

into the policy reaction function, which we subsequently estimate. 

Second, it uses an equilibrium correction specification. Econometric 

tests performed in Chapter II showed that a majority of interest rates 
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and inflation rates in the TE5 were found not to be mean-reverting. This 

finding invalidated the standard Taylor Rule methodology for modelling 
these series, pointing to the need for a different specification of the 

model. 

Finally, we augment the monetary policy rule by a term that reflects our 
findings regarding seigniorage in the TE3. 

Prior to estimating the vector equilibrium correction model (VECM), we 

must choose the order of the VAR and ascertain the nature of the 

deterministic components in the underlying model. Finally, it is 

necessary to specify the number of long run (co-integrating) relations in 

the model. This involves decomposing the long run relationships of the 

model into those that are stationary (and comprise the co-integrating 

vectors) and those that are nonstationary and comprise the common 
trends. The maximum eigenvalue and trace statistics advanced by 

Johansen (1988) are used for this purpose. Once a well-specified system 
is available, an econometric model is developed to obtain all our inputs 

into the policy reaction function we seek to estimate. 

Section 2 formulates and estimates the structural model to obtain the 

necessary inputs for the estimation of the central bank policy reaction 
function. Section 3 presents the seigniorage-augmented central bank 

policy reaction function. Section 4 reports the empirical results for the 

modified Taylor rules in the TE3. Finally, Section 5 concludes. 
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2. FORM AND ESTIMATION OF THE STRUCTURAL 
MODEL 

This section deals exclusively with the system of dynamics and the 

model estimated prior to proceeding with the specification and estimation 

of the monetary reaction functions in the TE3. 

We start by formulating a system of linear dynamic equations to 

represent the joint data-density function of a set of related variables. 
Once a well-specified system is available, we can progress to developing 

an econometric model, by imposing the results obtained by the system. 
The model has the effect of imposing a structure on a statistical system, 
intended to isolate autonomous, parsimonious relationships 
interpretable by economic theory. This is used to obtain the required 
inputs for the seigniorage-augmented policy reaction functions. 

2.1 Specifying the vector autoregression 

In the previous application in Chapter II, we assumed one-way causality 
from the right-hand side variables to the endogenous variable. In the 

current application, we take into account that our economic series may 
be jointly or simultaneously determined. We assume this to be the case 

for output, inflation and the money supply. 

Econometrically, this translates into the use of a vector autoregression. 
Its underlying structure specifies that within the economy, each variable 

may depend on its own lagged values plus the current and lagged values 

of all other variables in the system. 

Apart from simultaneity, we also address the issue of non-stationary 
time series. As indicated in Chapter II, ignoring the non-stationarity in 

economic variables can lead to spurious results. 

For this reason, we choose an equilibrium correction representation, 
which has several advantages. First, it contains information on both the 

short-run and long run properties of the model. Second, it is a statistical 

model containing only stationary variables so the usual stationary 

regression theory applies. 
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We estimate a equilibrium-correction VAR, also known as an 1(0) vector 

equilibrium model (VECM), given by 

m-1 
Equation 71: Azt =11zt-1 + I'ezt-, +'YDt + ut 

where zt is the co-integrating vector of macroeconomic series. The long 

run multiplier matrix of order (n%n) is given by II , while r, are the 

(n%n) coefficient matrices characterising the short-run dynamics, for 

1=1,..., m-1. Point dummy variables, seasonal dummies, constants and 

time trends are all included in the vector Dt , which has coefficients T. 

The vector of errors, ut , satisfies the usual assumptions, namely 

ut - INn(0, Q). This formulation contains information on both the short- 

and the long-run adjustment to changes in zt, via estimates of n and F1. 

In our model, we posit the joint dynamic determination of the (log) price 

level, output and the money supply. Once determined, we can obtain an 

approximation for both the expectational terms In the policy reaction 

function and for the trend values of each of these three variables and 

equate these to the targets in the Taylor rule. 

One drawback of this specification is that the interest rate is not jointly 

determined in our set of endogenous variables. An alternative 

specification would have been to simultaneously estimate the interest 

rate, the (log) price level, output and the money supply. Clarida & Gertler 

(1996) adapted a specification along these lines. 

While this would appear more satisfactory in terms of capturing a priori 

the simultaneous determination of all these variables, proceeding in this 

way has the drawback that it produces an interest rate equation which is 

not, in fact, the Taylor rule specification we seek to estimate. We believe 

that it would be difficult to find a suitable explanation for two entirely 

different equations of interest rate determination within the same 

"model". 

The analysis performed by Clarida & Gertler (1996) suffers from precisely 

this problem. They begin by estimating a VECM which includes the first 

differences (all in logs) of prices, output and the money supply as well as 
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the nominal interest rate. This yields equations in all these variables as 
functions of the other variables included. 

Finally, it should also be kept in mind that any estimation of the Taylor 

rule suffers from the drawback that the rule is not based on adequate 

microfoundations. Notwithstanding this generic problem, our suggested 

specification makes use of the available data in an efficient way. 

2.2 Selection of the VAR order 

The model we estimate is an unrestricted VAR. This model has been 

advocated most notably by Sims (1980) as a way to estimate dynamic 

relationships among jointly endogenous variables without imposing 

strong a priori restrictions. Prior to estimating the VECM, we must 

perform relevant unit roots tests, choose the order of the VAR and 

ascertain the nature of the intercept or trend in the underlying VAR 

model. 

Finally, it is necessary to specify the number of long run (co-integrating) 

relations in the model. This involves decomposing the long run 

relationships of the model into those that are stationary (and comprise 
the co-integrating vectors) and those that are non-stationary and 

comprise the common trends. The maximum eigenvalue and trace 

statistics advanced by Johansen (1988) are used for this purpose. Once 

the long run co-integrating relationships are obtained, we estimate the 

VECM with the co-integrating relationships explicitly included. 

In applied econometric analysis, the ordering for testing hypotheses is 

unclear. A conflict arises from wanting to avoid conditioning on 
hypotheses to be tested at a later stage and working in 1(0) space. On the 

one hand, to be meaningful, cointegration requires the constancy of the 

long-run parameters under analysis. However, parameter constancy 

tests on the initial system will not be in 1(0) space. 

Hence, the modeller is faced with two practicable methodologies. The 

first involves adopting the strategy of first ensuring system congruency 

against the historical data, followed by analysing constancy. Once a 

satisfactory outcome has been achieved, cointegration is investigated, 

followed by tests of potential long-run weak exogeneity. This maps the 

system into 1(0) space, as well as determining the feasible conditioning 
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reductions and the size of the system to be jointly modelled. The second 

strategy is to bring the system into the 1(0) space in order to obtain an 

adequate specification and subsequently to proceed with determining the 

co-integrating rank, taking account of this information. 

We choose the first of these and proceed as follows: first, we estimate the 

system in log levels, starting with the most general specification and the 

highest order of lags, dictated by the size of the sample. In this 

specification, we include a constant, trend and (centred) seasonals. We 

proceed along Hendry's general-to-specific methodology that 

recommends sequentially reducing the model by removing one lag of all 

variables at a time and re-estimating. System reduction tests accepted a 

reduction up to the second order lag length. 

We reduce the order of the VAR, based on standard model selection 

criteria already encountered above. In practice, the SBC is likely to result 

in the selection of a lower order VAR model than when using the AIC. We 

perform F -tests to justify the move to a lower order VAR. Our aim in 

choosing the order of the VAR is to ensure that the residuals are white 

noise. This requires choosing an m high enough to avoid residual serial 

correlation while ensuring that the sample remains large enough for 

asymptotic theory to work well. 

Residual misspecification can also arise from omitting significant 

conditioning variables such as an intercept, trend or dummies and, 

hence, increasing the lag length is often not the solution. Deterministic 

(exogenous) variables only affect the short-run behaviour of the model. 

The variables included in the vector, D, , will only affect the short-run 

model and often represent short-run "shocks" to the system, for example 

policy interventions or structural shocks. We use centred seasonal 
dummies to ensure that they sum to zero over time and thus they do not 

affect the underlying asymptotic distributions upon which the tests are 

based. We include a pulse dummy to account for outliers where 

necessary. 

Once we have a satisfactory specification, we test for the co-integration 

rank, taking into account the information gleaned from the preceding 

exercise. The guidance obtained allows us to specify which deterministic 

variables should enter the cointegration space a priori; the lag-length of 
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the VAR and whether dummies need to be specified to enter the model In 

the short-run dynamics (but not in the cointegration space). 

We now turn to the estimation for individual countries. The data, 

sources and sample periods were described in Chapter II115. 

2.2.1 Hungary 

Figure 12 shows the time series of the Hungarian annual inflation rate. 

annual growth in industrial production and in the money supply 

measures. 

Figure 12: Hungarian levels series for VAR 
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Annual inflation and annual output growth clearly move counter- 

cyclically across the whole period under study. Equally, cross plots of 

inflation and the base money supply measures show a strong counter- 

cyclical relation between these series, too. 

For Hungary, we performed unit root tests on the (log) consumer price 

index, on two measures of (log) industrial production and on four 

measures of the (log) money supply. The latter included MO, reserve 

money, M2 and M3. These tests' 1e confirmed that all series were 

115 We use a different software package from Chapter Two, namely. PcFiml 9.0, since we 
require advanced econometric features that Microfit 4.0 does not include. 

116 A print-out of all results is given in the appendix. 
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integrated of order one. Unit root tests on the differenced series lead to a 

rejection of the null of a unit root for all the named series. The 

correlograms confirmed this: 

Figure 13: Correlograms for Hungarian series in (log) levels and first 
differences 
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Next, the number of lags was determined for all the (eight) combination 

of our series of interest. Using recursive techniques, we estimate the VAR 

in levels, zt = (Pt, Yt, mt) , defining D, to include centred seasonal 

dummies, an intercept and a time trend. 

Table 15 gives a summary of the model evaluation diagnostics for 

Hungary for the chosen specification and respective lag length. For the 

first specification, the results on the left-hand panel show that the 

second period lag is significant in the industrial production equation. 

The diagnostic tests involved F -tests for the hypothesis that the i-period 

lag (Fk=, ) is zero; that there is no serial correlation (Far ). that there is no 

autoregressive heteroscedasticity (FA,,,, ); that there is no 

heteroscedasticity (F,,,, ) and a test for normality (x; 
ý, 

). Multivariate tests 

are also reported. 
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Table 15: Model evaluation diagnostics for Hungary 

z=(CPII, IPI, M0) Including dummy for 
tag- enh "2 91 M7 91 M8 95M2 

Statistic: m Y- P m 
Fk-l 33.59" 3.01' 20.92" _ 50.870' 2.89' 20.71"' 

Fk=2 0.49 7.2" 8.89" 2.25 7.08'" 8.08'0 

a 0.80/6 3.1% 2.05% 0.7% 3.13% 2.00% 
CAF . 99986 . 9847 . 99805 . 99986 . 9847 . 99085 
F 1.1118 1.272 1.1259 . 53987 1.1862 1.1158 

Feh . 1475 . 38804 . 45595 . 29056 . 34341 . 44782 

Fhet 1.1231 . 49607 . 77866 . 8064 . 47971 . 77061 
2 iýnd 24.213"' 1.0448 3.6609 9.9696"' 1.0407 3.5506 

Multivariate RA2 (LR)=. 99999, F,, -1.5646", RA2 (LR)-. 99999, F =1.2139, 
tests 2F 

het ="64416, xnd =29.604.. 2 Fhet 0.65495, xnd 
ar 
. 14.834"' 

Both specifications exhibit a good fit, measured by standard deviations 

of the residuals. a, by the correlation of actual and fitted (CAF) and by 

R2 (LR). None of the diagnostic tests reported are significant at the 95 per 

cent critical values, although there is a small problem of normality for 

the price equation and the vector tests for autocorrelation and normality 
for the specification without the dummy variable (the left-hand side 

panel of Table 15). Further tests on skewness and excess kurtosis reveal 

a significant estimate of skewness only for the price equation. 

To address the problem of non-normality in the price equation, we 
included a dummy for the months 91M7-M8 and 95M2. These are taken 

to be outliers. The results are reproduced on the right side of Table 15, 

showing an improvement in the stochastic properties of the model. 

In general, however, non-normality does not create bias and only 

adversely affects the efficiency of the estimation. 
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Figure 14: Hungary: system fitted and actual values and residuals 
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The figure presents a condensed view of the descriptive properties of the 

system, showing the three sets of fitted and actual values, their cross- 

plots and scaled residuals for each equation. The goodness of fit is very 
high for all equations. The scaled residuals plots and flat correlograms of 
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the residuals suggest that the residuals are white noise. Plots of the 

densities show that the residual densities are approximately normal, 

although the normality in the price equation is still affected by some 

outliers. 

Another important aspect of diagnostic checking is testing for structural 
breaks in the model. Sequential one-step ahead Chow-tests and one-step 

ahead residuals are obtained by estimating the model using recursive 
least squares. This involves estimation over successive time periods by 

increasing the sample period by one additional observation for each 
estimation. However, since the data are non-stationary, constancy 

statistics should be taken as descriptive rather than inferential. Plots of 
the Chow tests and residuals for the first specification (without the 

dummy) are given in Figure 15. 
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Figure 15: Diagnostic checks for structural stability 
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The one-step ahead residuals for each of the three individual equations 

are shown with upper and lower bounds, set by two standard deviations 

from the mean of zero. Observations that fall beyond these bounds 

signify either outliers or are associated with coefficient changes. The 

money equation appears to suffer from a break in 97M2. This is 

substantiated by the break-point Chow test of the money equation. The 

Chow test for the system as a whole does not go beyond its critical 

boundaries, either at the five or one per cent level, for any observation 
during the time period. 

For investigating co-integration, this specification is sufficient to allow us 
to proceed in specifying of an econometric model for Hungary. Before 

doing so, we formulate the estimation systems for Poland and Slovenia, 

analogously to the Hungarian case. 
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2.2.2 Poland 

Figure 16: Polish levels series for VAR 
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As in the Hungarian case, annual inflation and annual output growth 

move in counter-cyclical fashion. A cross plot of (annual) base money 

growth and inflation also reveals a strong positive correlation. A number 

of outliers are also visible. 

In the case of Poland, we performed unit root tests on the (log) consumer 

price index, on two measures of industrial production and on three 

measures of the money supply. The latter included MO, M1 and M2. All 

series were found to have unit roots, while the first differences of most 

series were stationary. 

From Figure 16, there appears to be some doubt as to the stationarity of 

the first difference in the consumer price index. The correlogram for 02p 

is clearly stationary. While the correlogram suggests that the price series 

may be 1(2), Dickey-Fuller (D-F) and augmented D-F tests strongly 

rejects the hypothesis of a unit root for the first difference in the log 

levels. Hence, despite the graphical analysis, we tentatively conclude 

that the price series is first difference stationary. The graphical analysis 

also reveals that the second industrial production index (1P2) appears to 

be better behaved than IP1. 

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

INFL xD 12EM0 
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Figure 17: Correlograms for Polish series in (log) levels and first 
differences 
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As before, we now proceed to estimate the VAR for the Polish case. 
Intercepts, time trends and centred seasonal dummies are again 

included in the initial specification. Of these, only the time trend is 

restricted to avoid the possibility of quadratic trends. The model 

evaluation statistics are summarised in Table 16 for a lag-length of k=3. 

As before, the specification exhibits a good fit. The price equation suffers 
from non-normality and the multivariate tests show a failure of 

normality, too. 

By adding a point dummy that covers two outliers in 91 M1 and in 94M 1, 

we are able to considerably improve the statistical properties of the 

model. The improved specification is given in the right-hand side panel of 

the table. The price equation still reveals a problem with non-normality 

but this has been significantly reduced. Also, the multivariate non- 

normality has been eliminated. In addition, all lags of the dependent 

variables are more significant under the new specification. 
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Table 16: Model evaluation diagnostics for Poland 

z=(CPI1, LIP2, LMO) Including dummy for 
Lag-length =3 91 M 1,94M 1 

Statistic: y m in 
Fk-1 37.02" 12.24" 3.96' 66.996" 12.36" 4.0893" 

Fk-2 2.42 2.64 2.54 4.8336" 3.1158' 2.2519 

Fk_3 3.00' 0.87 2.05 2.7304' 1.2278 3.22320 

6 1% 3.4% 2.5% 0.818% 3.41% 2.55% 
CAF . 99991 . 99881 . 

99347 
. 99994 . 99882 . 99349 

Far . 
7865 . 6007 1.9389 0.6098 0.6127 1.9853 

Farch 
. 7288 . 6229 1.3712 1.6578 0.6604 1.3933 

Fhet . 7286 . 9179 . 7843 1.4498 0.9407 0.795 

2 Znd 32.116" . 2935 . 6641 12.50900 0.2317 0.7144 

Multivariate Far =1.3727, Fhet ="9599, Far = 1.336, Fh t=1.0566, tests 2 Xnd =34.95" xl(i =12.235 
Next, we graph the descriptive properties of the system as before. The 

graphical representations are given by Figure 18. The left-hand side 

panel illustrates the good fit for all three equations. The cross-plots 

reveal some differences in fit across the three equations. The residuals 

on the right-hand side panel appear to be white noise. In addition, the 

residual correlograms support this finding through their rapid time 

decay. Residual densities are approximately normal. 

Figure 18: Poland: system fitted and actual values and residual 
statistics 
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Figure 19: Poland: diagnostic checks for structural stability 
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The structural break tests do reveal some problems though which will be 

examined in more detail once we have conditioned our system on any 

cointegrating relations. In particular. the money supply equation does 

-2 02 
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not pass the Chow specifications, suggesting that it may well be 

characterised by a structural break. The one-step residuals in the money 

equation reveal outliers or structural breaks in 96M7,97M 11,98M3 and 
98M9. The Chow test on the money equation also reveals a problem 
throughout the sample until 98M3. 

2.2.3 Slovenia 

Finally, in Slovenia 's case, Figure 20 graphs the series under 

consideration. They reveal similar patterns to those already encountered 
in the preceding two country cases. 

Figure 20: Slovenian levels series for VAR 
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The presence of unit roots was confirmed for the (log) consumer price 
index, on the first (but not the second) measure of industrial production 

and on all four measures of the money supply. MO, M 1, M2 and M3. As 

before, the first difference of all series were found to be stationary. 
Examining the correlograms of the series in (log) levels and first 

differences in Figure 21 supports this picture, although it appears that 

M2 and M3 are second-difference stationary. 
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Figure 21: Correlograms for Slovenian series in (log) levels and first 
differences 
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In order to estimate the VAR for the Slovenian case, we proceed as 

before. The model evaluation statistics are given in Table 17 for a lag- 

length of k=2. The specification exhibits a good fit. The money equation 

suffers from non-normality and the multivariate tests show a failure of 

normality, too. 

By adding a point dummy that covers two outliers in 92M9 and in 

94M 11, the statistical properties of the model can be considerably 

improved upon. The results are recorded in the right-hand side panel of 

the table. The non-normality problem in the money equation and in the 

system as a whole has been eliminated. 
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Table 17: Model evaluation diagnostics for Slovenia 

z=(CPII, LIPI, LMO) Including dummy for 
Lag-length -2 92M9 94M 11 

Statistic: m m 
Fk`1 36.36" 3.3969' 36.771" 36.375" 3.4482' 57.314" 

Fk=2 1.161 3.6996' 3.6462' 1.17498 2.38929 3.99017' 

a 0.52% 2.77% 1.57% 0.532% 2.70% 1.21% 
CAF . 9998 . 72981 . 99964 . 9998 . 73074 . 09979 
F 1.7469 0.7742 1.211 1.8214 0.31023 1.8429 

F, 0.5503 . 91803 0.31186 0.54532 0.92504 1.0398 

Fhet 0.7492 1.6487 0.37507 0.7325 1.6204 0.2887 

end 3.0167 1.754 15.613" 3.4724 1.7311 0.32259 

Multivariate F,, =1.3262, Fit "1.1964, Far =0.77892, F< -1.2035, 
tests 

xnd s 19.717" xnd -4.9854 

2.3 Testing for reduced rank 

Johansen (1988) developed a maximum likelihood approach to test for 

the existence of multiple co-integrating vectors. The Johansen test of 
"reduced rank" essentially boils down to determining the rank p of n. 

Both Johansen's trace and maximal-eigenvalue tests are considered. 

To give a brief overviews l7 of the procedure, Johansen uses a VAR of the 

type given in Equation 71. Since the left-hand side of this equation is 

1(0), all elements on the right-hand side should also be 1(0). The rank of 

the long run impact matrix 11 determines the number of co-integrating 

vectors. It can be factored into Il = aß'. ß' is an (pxn) matrix of long run 

coefficients, such that the term ß'z, 
-1 represents the co-integrating 

vectors that ensures that the z, converge to their long run steady-state 

solutions. a is an (nxp) matrix, representing the speed of adjustment to 

disequilibrium. 

Assuming that the vector zt contains l(I) variables, 11= aß'- 1(0) in order 

to proceed. For this requirement to be met, three cases are of interest 

that concern the rank of the matrix n. The rank is either full, zero or 
reduced. 

117 For good accounts of the Johansen technique, the reader is referred to Hendry (1995). 
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If the matrix has full rank, then all the variables in zt are 1(0). If the 

matrix has zero rank, then there are no co-integrating vectors and the 

appropriate model is a VAR in first differences involving no long-run 

elements118. Finally, if II is rank deficient, then there are p co-integrated 
linear combinations ß'zt_1 and n -p non-stationary vectors. Only the p co- 

integration vectors in ß enter our equation, otherwise lz, 
-1 would not be 

1(0), which implies that the last n-p columns of a are insignificantly 

small, i. e. effectively zero. Testing for co-integration therefore amounts to 
finding the number of p linearly independent columns in II or, 

equivalently, testing that the last n-p columns of a are zero. 

The inclusion of other deterministic elements will affect the underlying 
distribution of test statistics, so that the critical values for these tests 

will differ as a function of the number of deterministic variables 
included. There are a number of cases that can be distinguished, 
depending on whether the general VECM, given in Equation 71 Is 

considered to contain intercepts or deterministic trends. 

Unless there are potent reasons to the contrary, it is common not to 

place restrictions on the intercept. In the case when the matrix of long 

run multipliers is rank-deficient, this procedure assumes that the 

endogenous variables will contain a linear deterministic trend. When 

modelling variables with no possibility of an inherent drift, such as 
interest rates, it is common practice to restrict the intercept to lie within 
the cointegration space. This ensures that the intercepts in the 

underlying ECM will appear as part of the co-integrating relations, i. e. 

will be included in the matrix II. 

In the case when the matrix of long run multipliers is rank-deficient 

unless the trend is restricted, the vector of endogenous variables will 
contain quadratic trends. This is an unsatisfactory long run solution 
that is avoided by restricting the trend to at most a linear deterministic 

trend in levels. 

On the empirical level, it is not easy to determine a priori which of the 

above models is most suitable for the data at hand. One procedure for 

I1s This implies that the long-run matrix fl is an (nxn) matrix of zeros. 
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determining which model to use is the Pantula principle put forward by 

Johansen (1992c). This involves estimating all described options and 

evaluating the results starting from the most restrictive model. At each 

stage, the trace or maximum eigenvalue test statistic is compared to its 

critical value, stopping only when the null is not rejected. 

2.4 Empirical results 

Assuming the VARs in the different countries are adequately specifled, 

we investigate cointegration in the chosen systems. 

2.4.1 Hungary 

Table 18 shows the results from the cointegrating rank tests for 

Hungary. Johansen's trace statistic and the maximum likelihood 

statistic are given on the left and right-hand panels, respectively. These 

results are obtained, using the specification that includes the 
deterministic components, namely (centred) seasonal dummies, the point 
dummy, an unrestricted intercept and the restricted time trend. Since 

the inclusion of these deterministic components affects the underlying 
distribution (with the exception of the centred seasonals) of the test 

statistics, the Johansen procedure may fall foul to over-rejection of the 

null when it is true. Hence, a correction is made for the degrees of 
freedom by replacing the sample size, T. with T-nk. 

Table 18: Tests of cointegration rank for Hungarian data 

Ho: rank=p -Tlog(1-\mu) using T-nm 95% -T\Sum log(. ) using T-nm 
95% 

p == 0 33.43** 31.23** 25.5 49.9** 46.61* 42.4 
p <= 1 12.71 11.87 19.0 16.46 15.38 25.3 
p <= 2 3.753 3.505 12.3 3.753 3.505 12.3 

The hypothesis of no cointegration (p=0) is rejected for both statistics, 

while, for p=1, the null cannot be rejected for either test. Another 

possibility is that p=2. 

Additional information concerning the dynamics of the VAR model and 

whether it converges in the long-run can support the choice of p. This is 

given by the eigenvalues in the companion matrix (A) that provide 

additional confirmation of how many n-p roots are on the unit circle. In 

our case, the moduli of the two largest roots are 1.004 and 0.8928, 
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respectively. Again, this suggests that either n-p=2 (if the last value is 

regarded as significantly close to unity) and thus, there is one co- 

integrating relation, or that n-p=1, i. e. p=2. We next look at the 

cointegration graphics, in Figure 22. 

Figure 22: Plots of stationary (co-integrating) and non-stationary 
relations 
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The first two vectors (on the left-hand side panel) appear to be 

stationary, while the third is clearly non-stationary. This lends support 
to the hypothesis that p=2. The first two eigenvalues are distinctly above 

zero, while the third one is closest to zero, underlining the non- 

stationarity of this component. 

Standardised estimates of the ß' and a matrices are given by: 

1.0000 . 94877 0.15279 . 017544 -. 0097146 . 018712 
ß' = 1.6993 1.0000 1.2165 &=-. 38903 -. 065017 . 00094291 

0.89379 0.11807 1.0000 . 06993 -. 11753 -. 019641 

The first (and second) row of eigenvectors (as these correspond to the 
largest eigenvalues), normalised on the diagonal, report the estimated 

cointegration vectors. Any linear combination of these is stationary, 
hence, they are not uniquely defined. However, the first equation could 
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be interpreted as suggesting that (log) prices are determined mainly by a 

growth in (log) income and in the money supply to a lesser extent. 
Similarly, the second equation could be interpreted as a type of excess 
demand equation with the deviation of output from trend having a large 

positive relation to prices and to the money supply (to a lesser extent). 

2.4.2 Poland 

Results from the cointegrating rank test for Poland are reproduced in 

Table 19. We have used a specification that includes the deterministic 

components, namely (centred) seasonal dummies, the point dummy as 
described above, an unrestricted intercept and the restricted time trend. 

Table 19: Tests of cointegration rank for Polish data 

Ho: rank=p -Tlog(1-\mu) using T-nm 95% -T\Sum log(. ) using T-nm 
95% 
p == 0 70.87** 64.79** 25.5 103.4** 94.5** 42.4 
p <= 1 20.79* 19.01* 19.0 32.5** 29.71* 25.3 
p <= 2 11.71 10.7 12.3 11.71 10.7 12.3 

The hypothesis of no cointegration (p=0) Is rejected for both Johansen's 

trace statistic and the maximum likelihood statistic. For p=1, the null is 

rejected at the five but not at the one per cent level for either test. 

A look at the eigenvalues in the companion matrix (A) reveals that the 

moduli of the two largest roots are 1.011 and 0.8892, respectively, 

suggesting that there is either one co-integrating relation, or that n-p1, 

i. e. p=2. We next look at the cointegration graphics, in Figure 23. 
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Figure 23: Plots of stationary (co-integrating) and non-stationary 
relations 
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The first two vectors (on the left-hand side panel) are clearly non- 

stationary, while the third looks stationary. This lends support to the 
hypothesis that p=1. 

2.4.3 Slovenia 

Table 20 shows the results from the Slovenian cointegrating rank tests. 

The specification is as in the previous two cases. 

Table 20: Tests of cointegration rank for Slovenian data 

Ho: rank=p -Tlog(1-\mu) using T-nm 95% -T\Sum log(. ) using T-nm 
95% 

p == 0 29.79* 27.53* 25.5 50.93** 47.06* 42.4 
p <= 1 15.67 14.48 19.0 21.14 19.53 25.3 

p <= 2 5.47 5.055 12.3 5.47 5.055 12.3 

The hypothesis of no cointegration (p=0) is rejected for both statistics at 

the one per cent level (except for the unadjusted maximum likelihood 

statistic which cannot be rejected at either the five or the one per cent 
level). We next look at the cointegration graphics, in Figure 24. 
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Figure 24: Plots of stationary (co-integrating) and non-stationary 
relations 
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The first two vectors (on the left-hand side panel) appear to be non- 

stationary, while the third looks stationary, suggesting that p=1. 

2.5 Identification 

The reduced rank regression procedure provides information about the 

number of co-integrating vectors that span the co-integrating space. 

However, since any linear combination of the stationary vectors is itself 

also a stationary vector, it is necessary to test for uniqueness. This is 

addressed by testing that the linear restrictions on each of the co- 

integrating vectors (i. e. the columns of the matrix ß) lead to an identified 

system. Prior information motivated by economic arguments should form 

the basis of imposing restrictions. These restrictions are important in 

order to obtain economically meaningful information concerning the long 

run structural relationships underlying the model. 

Identification restrictions can take the form of assuming weak exogeneity 

a priori or imposing stringent identification assumptions on the model 119. 

119 Such an approach was advocated by Blanchard & Quah (1989). Ainlsani & Glannlnt (1997) 
and applied to Taylor Rules, by Clarida & Gertler (1996). 
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While weak exogeneity is a testable proposition and, hence, its validity 

can be verified through econometric testing, it is not recommended 

econometric procedure to make a priori assumptions about which 

variables enter a system as exogenous quantities. 

The place of a priori structural hypotheses in econometric analysis of the 

relationships between macroeconomic variables has taken an 

importance place in econometric debate. On the one hand, a priori 

theories are perceived as being too important to be doubted based only 

on empirical evidence contradicting them. This has led to an approach 
dominated by structural theories. On the other hand, structural 
hypotheses identified by the parameters of simultaneous equations 

models are sometimes thought to be too incredible to be capable of 

yielding econometric models of any use. 

To obtain uniqueness, we impose restrictions motivated by economic 

arguments and then to test whether the columns of 0 are identified. 

It is difficult to impose economic theory restrictions in the context of 

transition economies. During transition, some "stylised facts" known to 

hold in mature economies, are not observed, e. g. purchasing power 

parity or the uncovered interest parity condition. In addition, our small, 

three-variable VAR does not allow a large scope for economic 

interpretations. It would be far-fetched to try to interpret an aggregate 

demand without government expenditure or a Phillips-curve type 

aggregate supply function from the quantities in our VAR. 

However, as discussed in Chapter II, there are two "stylised facts" that 

have been widely reported in transition economies. The first pertains to a 

trend increase in the real exchange rate. As our VAR does not include an 

exchange rate term, this must be left for future research. The second 

involves a trend decrease in the velocity of circulation of money. 

De Broeck et al. (1997) examine the velocity of money in the Baltics, 

Russia and other countries of the former Soviet Union and find that 

velocity generally follows a downward trend. In the case of the three 

economies we study, using annual IMF data, Begg (1997) also finds that 

the velocity of M2 over the period 1992-5 declined markedly in Slovenia 

(from 1.55 to 0.88 over this period). Similarly. it declined in Poland, but 
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less drastically (from 1.16 to 0.95 over the period). Finally, in Hungary, 

velocity appears to have increased slightly over this period (from 0.66 to 

0.88). 

We choose p=1 for all countries and impose the restriction of trend 

velocity. (Log) velocity is given by 

Equation 72: In V =1nY - In M 

From this we obtain the relationship that AInY -AInM <0 (>0) if velocity 
follows a downward (upward) trend. Hence, we impose (for p=1) the 

restriction that P'= (0 1 -1) . If the sign on the coefficient of the trend 

is negative, velocity follows a downward trend; otherwise, it follows an 

upward. Next, the validity of these restrictions was tested. We report the 

results in the next section. 

2.5.1 Hungary 

Imposing the restriction on ß yields a negative and significant coefficient 

on the trend of 0.39%. Furthermore, the validity of this restriction 

cannot be rejected at either the five or one per cent level. It yields a X2 (2) 

of 5.4279 [. 0663). We also impose the same restriction but split up the 

sample into pre- and post-stabilisation (95M3). For the first period, we 
find a negative and significant coefficient on the trend of 0.97%, while for 

the second period, the coefficient is significant and slightly positive 
(0.125%). Neither of these restrictions can be rejected at the conventional 
levels. This broadly confirms the graphical findings. 

2.5.2 Poland 

In the Polish case, we impose the same restriction (for p= 1) and test its 

validity. Again, we obtain a negative and significant coefficient on the 

trend of 0.67%. The test of the validity of the restriction yields a x2 (2) of 

0.003044 [. 9985), which is clearly not rejected at the conventional level 

of significance. 

2.5.3 Slovenia 

Finally, imposing the same restriction on the Slovenian system yields a 

negative and significant coefficient on the trend of 1.4357%. It is 
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noteworthy that this is markedly steeper than the Polish case, a finding 

confirmed in Begg (1997). The validity of this restriction is found to be 

valid, too. The X2 (2) was 3.2068 [. 2012]. 

2.6 Parsimonious VECM 

Once estimates of the long run relationships of the co-integrating vectors 

are available, we proceed with estimating the complete model using a 

parsimonious representation of the system (termed PVECM). The short- 

run VECM can now be estimated in equilibrium-correction form with the 

co-integration relationships explicitly included, i. e. 

m-1 
Equation 73: t zc = aý, 

ý iizc-i)+ rAzt-i + ̀ i'Dc + uc 
iýl 

Once these results are obtained, we calculate the VAR in levels in order 
to obtain the inputs for our monetary policy reaction function. 
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3. SPECIFYING THE SEIGNIORAGE-AUGMENTED 
REACTION FUNCTION 

In this section, we specify our proposed "seigniorage-augmented" 

monetary policy reaction function. This rule Is distinct from the forward- 

looking Taylor rule estimated in Chapter II in that it uses an integral 

control mechanism to accommodate the finding of unit roots in the 

independent variables. 

Another novel feature of our specification is the inclusion of a term for 

seigniorage. The analysis in Chapter III showed that seigniorage 

generates substantial revenue for the governments of the TE3 at the 

beginning of transition. This suggests that monetary policy may indeed 

be set taking into account a fiscal policy dimension. 

Finally, here we take a different approach to modelling the expectations 

operators from the one chosen in Chapter II. 

3.1 Integral control 

Our finding of non-stationary interest rate series, reported in Chapter II 

suggests that, in practice, interest-rate smoothing takes on a very 

significant role. 

Explanations put forward for interest smoothing have included the fear 

of disrupting capital markets and the resulting loss of credibility from 

sudden policy reversals. One explanation that can be put forward for this 

phenomenon is that, in a transition context, central bankers may be 

particularly concerned with the danger of disrupting financial markets in 

an already volatile environment when setting their monetary policy 
instrument. They could be viewed as particularly averse to changing 
interest rates. Within this context, it is plausible that they may fear 

disrupting the environment for foreign investment. 

Lowe & Ellis (1997) surveyed the literature on interest rate smoothing 

and found several considerations that favour interest rate smoothing. 
For example, policymakers may be averse to volatility in rates either 
because such changes make the policymaker look poorly informed and 

undermine confidence in the central bank or because it is difficult to 

obtain broad-based political support for such changes in direction. 
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Goodfriend (1991) also offers an explanation that gives interest rate 

smoothing the potential for greater control over long-term rates and, 
hence over aggregate demand and inflation. He suggests that, for a given 

movement in the short-term interest rate, the impact on the long-term 

rates is greater if the movement is expected to be sustained. 

A number of macroeconometric models of the UK economy have used 

two different types of interest rate rules 120 which include both change 

and level formulations. The change formulation sets the change in the 

short-term nominal interest rate as a function of deviations of inflation 

from target. 

Another boost to the empirical relevance of first difference nominal 
interest rate rules was given by Levin et al. (1998). They investigate the 

properties of alternative monetary policy rules using four structural 

macroeconometric models that assume rational expectations, short-run 
nominal inertia and long-run neutrality. 

Their analysis provides strong support for rules in which the first- 

difference of the interest rate responds to the current output gap and the 

deviation of the one-year average inflation rate from a target. In all four 

models they look at, first-difference rules perform much better than 

rules of the type proposed by Taylor (1993) and Henderson & McKibbin 

(1993), in which the level of the interest rate responds to the output gap 

and the deviation of the one-year inflation from its target. Their results 

suggest that the forward-looking feature of long-term bond rates, as put 
forward by Goodfriend (1991) in his explanation for interest rate 

smoothing, is the principal explanation for the superior performance of 
difference rules. 

To stabilise inflation and output at reasonably low levels of interest rate 

volatility, Levin et al. (1998) find that the policy rule should respond to 

the current output gap and to a smoothed measure of inflation, and 
should incorporate substantial interest rate smoothing. In addition, they 

find that this class of rules is robust to model uncertainty in that they 

work well across a wide range of structural models. This suggests that 

they are particularly relevant in transition economies. 
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Finally, they find, interestingly, that rules that incorporate forecasts of 
the output gap and inflation rate generally do not outperform optimal 

rules based on current and lagged variables. This means that the three 

variables, namely the current output gap, a moving average of current 

and lagged inflation rates, and the lagged funds rate, 

summarise nearly all the information relevant to setting the federal funds rate 
efficiently (p. 27j. 

An alternative explanation for the unit root on interest rates can be put 
forward based on control theory. In his original article on stabilisation in 

a closed economy, Phillips (1954) argued that the best rule to apply is 

one that has proportional, integral and derivative (PID) terms, e. g. 

Equation 74: Alt = k, (irt - n*t) + k2eit + k3A2; t 

where the l's are coefficients, it is the annual percentage inflation rate 

and it is its target value. As usual, differences are denoted by A. 

In some cases, a change in the interest rate level may not be able to 

effect the target rule and it may be necessary to use first differences. In 

our context, this implies that the interest rate will not be used to target 

the gap variables. Instead, in order to hit the target, it is necessary to 

take into account all the past gap variables, i. e. the sum of all past 
deviations of actual from target values of the variables included in our 

optimum policy rule. It is these together that will motivate the interest 

rate level. These cumulative effects mean that the further away are policy 

makers from their targets, as specified by the optimum policy rule, the 

bigger will be their policy response. 

As discussed in Chapter II, the question sometimes posed is whether the 

interest rate rule should target the deviations from target of the price 
level or of the inflation rate. Nominal interest rate rules can target either 
the deviation of the rate of inflation from its target or of the price level 

from its target. Given a simple integral control policy rule, the choice 
between price and inflation targets does not matter. 

120 For a review of the properties of five leading macroeconometric models of the UK economy. 
see Church et al. (2000). 
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Consider a simple integral control policy rule that can be written as 

ei =ß (n - zi . This rule is used to manipulate interest rates to control 

inflation. It is clear that this will be equivalent to a proportional control 

rule on the price level given by i=ß (p 
- p*). 

In practice, given these considerations and our unit root findings, we will 

estimate the policy rule in first differences. We propose to use the 

following type of first-difference nominal interest rate rule: 

Equation 75: Alt =0 
(nc 

-n)+ Yve 

where the first-difference nominal interest rate target is a function of the 

deviation of annual inflation, ;t, from its target value, n*, and of the 

current output gap, vt . 

The inputs for this equation are derived from the output yielded by the 
VAR estimated in Section 2. As is always the case, estimating a variable 

in first differences will induce a significant fall in the R2 measure. 

3.2 Inclusion of seigniorage 

We now seek to introduce a seigniorage term into Equation 75. 

When considering a more general form of policy rule with multiple 

targets, for example, ii =0 (n 
- 7i*) +y (g 

- g"). where g is a variable that is 

postulated to return to its natural rate. g' ,a number of new issues 

arise. These issues are discussed by Blake & Westaway (1994). 

Although GDP growth is often accorded the status of a target variable, it 

differs from inflation in that its long-run value cannot be altered by 

changing the policy variables of a model. Instead, in these types of 

model, growth is typically assumed to be a function of exogenous criteria 

such as technological progress and population growth121. 

This has implications for the policy optimisation models of the type we 

are considering here. Any attempt to change the long-run growth above 
its natural rate will compromise the achievement of other target 

121 However. Romer (1986) and others have attempted to endogenfse the growth process so 
that policy variables can affect long-run growth via investment in R&D or via education 
and training. 
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variables. This will introduce an "inflationary bias" given by 

bias =n-n= al/a2 (y 
- Y*) I since interest rates must stabilise in the 

long-run. This bias can only be zero if the target growth rate is set equal 
to the true long-run rate. 

This demonstrates a more general problem of conflicting targets. 

Including targets that are potentially conflicting is likely to be 

problematic. Certain targets may only be achievable by altering target 

variables such as growth and unemployment, which cannot be affected 
in the long run. Empirically, this problem is avoided by setting the 

desired value of GDP growth equal to its natural rate and including no 

other primary targets. 

This implies that we introduce seigniorage into the equation without a 

specific target. Any other variables that might be candidates for policy 
targeting will we included without introducing any new primary targets. 

Hence, we will estimate the seigniorage-augmented form of Equation 75. 

namely: 

Equation 76: Att =0 (nt 
- 7i*) + yvt + Sst 

where st is our measure of seigniorage, calculated as in the previous 

chapter but using the output of our VAR model estimated in Section 2. 

We consider only measures of seigniorage described in the previous 

chapter that are not defined as a function of the interest rate. This 

means that we avoid using the opportunity cost measure (i"x) since 

including a function of the independent variable - the interest rate - as 

an explanatory variable in our econometric specification would lead to 

spurious results. In addition, we cannot use the measure s4. since 

market interest rates have been used to derive this measure. 

3.3 Specification of monetary policy reaction function 

As before, the monetary authority sets a target for the first difference of 

the nominal short rate, i' , in each period, based on the observed state of 
the economy. 

We assume that the following equation characterises the monetary policy 

reaction functions in the TE3: 
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Equation 77: Ait = a+0(EtInt, t-i21'ß 
)+Y(EtI 

t -Y 
])+SEt[st] 

where ; t. t_12 denotes the (annual) inflation rate and the backward- 

looking horizon of the inflation is twelve months, hence, 

7Cc. t-12 = Pt - Pt-12 º the 12th difference in the log price level. E denotes the 

expectations operator. Expectations are formed based on It-1, the 

information set available to the monetary authority at time t. The 

expectations operator appears because we allow for the possibility that 

the central bank may not observe the current price level or current 

output. 

n and y' are the inflation "target" and trend output, respectively. In the 

case of inflation, it is that rate that the monetary authorities would be 

willing to accommodate if output was at its trend value. The log of 

industrial production is given by y, and yt - y' is a measure of the 

average output gap in period t. The output gap, v,, is defined as the log 

difference between actual output and the corresponding target or trend. 

Seigniorage is given by st. 

The coefficients on these terms are the policy feedback parameters. 

These provide an indication of the strength of the policy response for a 

given deviation of the inflation forecast from its target and of actual 

output from its trend value. Our feedback rule is the "leaning against the 

wind" variety in that the central bank raises the short term real interest 

rate as either inflation or output rise relative to long run trend. 

We now turn to the expected sign of the estimated coefficient for the 

seigniorage term. 

There are different ways of approaching this problem. On the one hand, 

one could argue that by creating money, both inflation and seigniorage 

increase and, hence, the policy reaction would be to tighten monetary 

policy, i. e. raise interest rates, assuming that the policymaker is 

controlling inflation. This would imply an expected positive sign on the 

seigniorage term. Under ordinary circumstances, this might be exactly 
how one would expect policymakers to behave. 
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However, there is a different argument, which can be put forward and 

one which would suggest an expected negative sign for the seigniorage 

coefficient. Suppose that the policymaker is not interested in controlling 

inflation. Suppose, instead, that he chooses to pursue scigniorage gains. 

In this case, the setting of the interest rate instrument would be such 

that as seigniorage was increasing, the nominal interest rate would be 

further decreasing, to maximise this effect, until enough seigniorage had 

been obtained. Hence, we could also plausibly expect, in the case the 

poltcymaker was not simultaneously pursuing inflationary stabilisation, 
the expected sign on the seigniorage term to be negative, at least for a 
limited time period. There might also be a switch to a stabilisation 

environment in a later time period and, in this event, one would observe 

a positive coefficient on the inflationary term and an accompanying 

significant positive coefficient on the seigniorage term (or one which was 

not statistically significant). 

Essentially, one of the hypotheses we wish to test in the current chapter 
is whether policymakers, initially pursued (exclusively) seigniorage 

concerns during the early stages of transition and subsequently switched 

to a stabilisation environment. Alternatively, it may be the case that 

policymakers focussed on achieving price stabilisation throughout the 

whole or part of the period under study. 

Which sign seigniorage will take depends on which policies the 

policymaker is pursuing and is, hence, a matter for empirical analysis, to 

which we now turn. 

Our specification incorporates perfect interest-rate smoothing, following 

our results concerning unit roots in the interest rate series under 

consideration. Notwithstanding these results, there is also a great deal of 

empirical research that supports the case for an integral control 
formulation of the nominal interest rate on the rate of inflation and other 

variables. 

3.4 Using the estimated VAR results 

In Chapter II, we applied rational expectations by setting E(xJ=x and 
Instrumenting. This yielded values for each expectational term in 

Equation 7. 
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In the current chapter, we adopt a different approach, using forecasts of 

the relevant variables, and for the forecasts, we follow Sims (1980) who 

proposed the unrestricted VAR for efficient forecasting. Sims questioned 

the sense of developing sophisticated econometric models based on 

incredible identifying restrictions from a priori theory, especially when 

many of those restrictions are of necessity untestable. Instead, he 

advocated the importance of capturing the rich dynamic inter- 

relationships between time series variables without such (incredible) 

identifying restrictions. 

Important characteristics of VAR models, advocated by Sims, involve the 

joint modelling of all variables so that no variables are assigned the 

(untested) status of exogeneity and hence, the model is closed. Apart 

from the choice of variable transformations and linearity for the 

specificied relationships between them, no a priori restrictions are 

imposed. We use the unrestricted form of the VAR which is feasible when 

relatively small systems of variables are modelled and attention can be 

focussed on achieving congruence for the model as a whole122. 

To form the expectations in the policy rule we are interested in, it is 

assumed that the monetary authorities use all the information 

forthcoming in the VAR model, estimated in Section 2. This means that 

the way in which expectations and long-run equilibria are modelled is 

not a purely ad hoc procedure. 

Specifically, to obtain values for the variables, we calculate them in the 

same way, using the fitted values of the estimated VAR. Then, in order to 

obtain trend values, we fit a Hodrick-Prescott filter to the calculated 

series and then take the difference between these series to be the gap 

variables. 

With these inputs, we now turn to the estimation of our reaction 
functions in the TE3. 

122 The dimensionality of the VAR can be reduced by specifying an open model in which some 
variables are treated as valid conditioning, or exogenous, variables. 
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4. MONETARY POLICY REACTION FUNCTION 
ESTIMATION RESULTS 

This section estimates the monetary policy reaction function specified in 

the previous section for the TE3. Significant results for all three 

countries are reproduced in Table 21, with standard errors in 

parentheses. 

4.1 Hungary 

The sample period for Hungary was divided Into two subperiods. pre- 
and post-Bokros. We estimated a first difference interest rate rule with 
an inflation gap, output gap and level terms for seigniorage, the 

Bundesbank discount rate and the exchange rate. 

7be significance of these results Is that, contrary to our proposition, 
there is no evidence that seigniorage was being targetted instead of 
inflationary stabilisation. On the contrary, seigniorage considerations 
appear to have been made compatible with the aim of inflationary 

stabilisation and, hence, the results found for seigniorage reinforce the 

evidence that policymakers were Inflation fighters. 

in the case of Hungary, the evidence suggests that inflationary 

stabillsation. was being pursued throughout the period. While the 

estimation results show that Hungarian policymakers were guided by the 
inflationary gap in the first subperiod, in the second period, they relied 
more on Bundesbankýs instrument setting in order to achieve their aims. 
7bis is compatible with the idea that Hungarian policies were becoming 

more geared towards EU countries' policies in order to achieve greater 
Integration. 

In the first subperiod, policymakers appeared to have been guided by the 
inflation gap when setting monetary policy. Inflationary stabilisation has 

a coefficient of 0.24 and has the expected positive sign. 7his 
demonstrates that, in the first subperiod, policyrnakers were pursuing 
an inflation stabilising objective. 

In the second subperiod, the inflation gap appears not to be significant. 
However, it is likely that policymakers were nevertheless pursuing 
inflationary stabilisation, and instead of directly targeting the 
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inflationary gap, policymakers appear to have been guided by the setting 

of the German Bundesbank's nominal rate. This seems reasonable 

considering the country's rapprochement to the European Union during 

this period. 

We also performed estimations for Hungary over the whole period, using 

a dummy to account for the policy break around 1995M2. Here, we find 

that, over the whole period, policymakers were pursuing inflationary 

stabilisation objectives and this came out in the significant coefficients 

on the inflationary gap of 0.23 and on seigniorage of 0.20. Both these 

coefficients have the expected sign. The positive sign on seigniorage 

shows that policymakers were operating to stabilise inflation and 

reinforces this proposition. 

With regard to output stabilisation, this appears to have been less 

important on the whole. Coefficients for the output gap are not 

significant in either subperiod. This result matches those already 

obtained for the Czech Republic and Estonia, suggesting that central 
banks in transition have not been setting interest rates with the objective 

of stabilising output in mind. 

4.2 Poland 

The whole sample period for Poland was split after 95M6. We estimated 
first difference interest rate rules for both subperiods, of a slightly 
different form than those for Hungary. Specifically, these included 

difference formulations of the exchange rate and of the Bundesbank's 

interest rates. In addition, we added a dummy variable when estimating 

the first subperiod to counter irregularities around the period 93M2 to 

93M4. Our results show a good fit with a high R-squared of 0.69. 

The results for Poland are important in that they show that monetary 

policy moved from a somewhat haphazard policy, with no regard for the 

usual factors, such as the output or inflationary gap variables, to a 

standard Taylor rule with significant coefficients on both output and 
inflation stabilisation. This reinforces the idea that Poland became more 
integrated into the EU and began to pursue market-type monetary 

polices in the latter half of the decade under consideration. 
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For the first subperiod, monetary policy in Poland does not appear to 

have followed a monetary policy rule of any type. This is actually not 

particularly surprising. For example, Taylor (1998) examines historical 

episodes of US monetary policy and finds that there is an unambiguous 

correlation between monetary policy rules and macroeconomic stability. 
He analysed three eras of US monetary history; first 1879-1914 where 

rates were unresponsive to fluctuations in output and inflation: second 

1960-1979, where short-term interest rates were more responsive but 

not stabilising and, finally, 1986-1997 where the interest rate response 

was greater than unity and, hence, stabilising. Taylor's analysis suggests 
that, in period, of instability, countries are more likely not to be following 

a monetary policy rule when setting their short-term monetary policy 

instrument. 

However, during the second period under study, Polish policymakers are 

clearly following a standard monetary policy reaction function. 

Coefficients on the inflationary gap (0.75257) and on the output gap 
(42.065) are both significant and have the expected sign. This is also an 

interesting result because it shows the policy shift from an unstable 

period to the classic inflation-cum-output stabilisation period. 

Interestingly, too, seigniorage concerns were not significant in either 

subperiod. 

4.3 Slovenia 

Finally, in the case of Slovenia, we have estimated two separate 

subperiods, the first stretching from the beginning of reforms until 

95M9, the second beginning in 95M10 until 98M12. For Slovenia, we 

estimate a nominal interest rate rule in levels and add the first lag of the 

interest rate as an independent variable, in order to account for interest 

rate smoothing'23. Some notable results emerge. 

The results for Slovenia are significant in demonstrating that monetary 

policy experienced a shift away from one influenced by exchange-rate 

considerations in the first half of the period and moved to a monetary 

policy reaction function which, similarly to Poland, exhibited the market- 

123 We performed unit root tests on a measure of the short-term interest rate in Slovenia and 
found that for R3, a unit root was rejected at the ten per cent level of significance. 
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type orientation of monetary policy on the inflation gap and also evidence 

of interest-rate smoothing and, similarly to Hungary, an EU orientation 

reflected by the significance of the Bundesbank discount rate in the 

second half of the period. 

During the first sub-period, the path of the exchange rate appears to 

have been important to Slovene policymakers when setting their short- 

term interest rates. The coefficient on exchange rate (0.77) has the 

expected coefficient. Notably, there is no interest-rate smoothing in the 

first sub-period. 

Again, as in the other countries studied, a noticeable switch occurs in 

the second sub-period. Here, Slovene policyrnakers focus on inflation 

stabilisation, yielding a significant coefficient with the expected positive 

sign on the inflationary gap (6.1664). Interest-rate smoothing also gains 

strong importance in the second sub-period. as demonstrated by the 

expected positive and significant coefficient of 0.82 on the lagged interest 

rate. Finally, the setting of the German Bundesbank's discount rate 

played an important role in Slovene monetary policy during the second 

sub-period. The estimated coefficient for the Bundesbanles discount rate 
(5.12) is significant and has the expected positive coefficient. 'Ibis result 

lends added credence to the idea that policymakers were fighting 

inflation in the second half of the sample period. 
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5. CONCLUSIONS 

In this chapter, we estimated monetary policy reaction functions for 

Hungary, Poland and Slovenia with proportional and integral elements. 

When stationary econometric methods are applied to non-stationary time 

series, very substantial biases can occur in the estimated equations. 
Consequently, we followed the standard econometric recommendations 
to test for unit roots in our series prior to estimating our econometric 
equations. Our Important finding, reported in Chapter 11, namely that 
the majority of interest rates and inflation rates were found not to be 

mean-reverting over the sample period. had important ramifications for 

the selected estimation method in the current chapter. 

This finding Invalidated the standard Taylor Rule methodology for 

modelling these series, pointing to the need for a different specification of 
the model. In this context, it also sheds doubt on the results of that 

other researchers, such as Clarida et al. (1998) who have not made 

recourse to nonstationary econometric techniques, despite suggestive 

evidence that the series used may exhibit nonstationary characteristics. 
Ibis suggests that their results are fragile and non-robust. Our selected 

method of first testing the series and then applying nonstationary 
techniques to our economic time-series, where applicable, is therefore 

the preferable approach. 

Our analysis also took into account the simultaneity and Interdependent 

nature of economic series by estimating an unrestricted vector 

autoregression (in equilibrium correction form) for each country. From 

this model, we obtained the inputs for the policy reaction functions, 

which we subsequently estimated. 

We estimated first-difference and levels formulations of nominal interest 

rate rules. Our variables were inflation, output. expressed as gap 

variables, seigniorage. the exchange rate and the Bundesbank's short- 
term policy instrument. The (expected) gap variables for these 

estimations were obtained from a previously specifted VECM. 
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Our results showed clearly that for all three countries, Hungary, Poland 

and Slovenia, there was a switch from one regime to another around the 

middle of the transition decade. 

In the cases of Poland and Slovenia, the first sub-period was not 

characterised by inflation or output stabilisation. By contrast, estimates 
for the second period showed clearly that authorities were taking 

stabilisation seriously and pursuing it with vigour. In Poland, this took 

the form of classic inflation and output stabilisation and the implicit 

interest rate smoothing. In Slovenia, it took the form of inflationary 

stabilisation, interest rate smoothing and guidance from the 

Bundesbank's setting of its short-term policy instrument. 

Hungary's experience was somewhat different again. There, during the 

first sub-period, the conflicting aims of inflationary stabilisation and 

seigniorage collection were clearly demonstrated. In the second half of 
the period, the seigniorage effect attenuated and inflationary 

stabilisation was targeted by means of the Bundesbank's setting of Its 

short-term policy instrument. 
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V. CONCLUSIONS 
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This thesis attempted to fit a monetary policy reaction function to five 

Central European economies, the Czech Republic, Estonia, Hungary, 

Poland and Slovenia. 

In the process, we found in Chapter II, that many economic time series 

exhibited nonstationary characteristics during the sample period. We 

also considered structural breaks in unit root processes. When 

structural breaks are present, the test statistics to ascertain the 

presence of unit roots are biased toward the non-rejection of a unit root 
even though the series is stationary within each of the sub-periods. For 
this reason, we also tested for the presence of a structural break in the 

series that were found to possess unit roots. Our findings revealed that 

some processes, initially showing up as possessing unit roots were, in 
fact, trend stationary processes with structural breaks. 

This process of pre-testing allowed us to discern which series could be 

used to estimate our forward-looking Taylor rule, using OLS and 
instrumental variable approaches. 

Our results showed that monetary policy in only two of the five countries 

under study, namely the Czech Republic and Estonia, were adequately 

characterised by forward-looking inflation targeting. 

In the Czech Republic, the forward-looking horizon was one to two 

months, which is short, as far as the experience of other countries using 

inflation targeting shows. However, this was not so surprising given the 

uncertain nature of transition that limits policy makers' planning 
horizon. At relatively high rates of inflation (20 per cent or more), it is 

difficult to predict future inflation rates with any accuracy. 

In Estonia, the forward-looking horizon was six months. The currency 
board opemting in Estonia may have provided policy makers with a more 

predictable operating environment, thereby lengthening the forward- 

looking planning horizon for monetary policy. 

Coefficients in both cases were significant and had the expected signs. A 

large degree of Interest-rate smoothing was also apparent in both 

countries. 

In both cases. the weighting attributed to the inflation lead, although 
broadly in the same range as results reported by other researchers for 
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the German Bundesbank, proved to be slightly higher than these. I'lits 

again seems plausible in the light of the guiding Maastricht convergence 

criteria. As mentioned previously, the transition countries we studied 

were furthest away from the Maastricht benchmark where the price 
stabilisation criterion was concerned. 

Another result was that central banks did not appear to be taking into 

account the output gap when setting their policy instrument. 'Ibis is in 

contrast to market economies, where the output gap has been shown to 

play an important role in the practical conduct of monetary policy. The 

optimality of targeting the output gap has also been confirmed in 
theoretical studies. A possible explanation for this could be that In 

transition economies, the conventional links between short-term Interest 

rates and aggregate demand and the output gap break down due to 

various distortions. This means that the output gap might not contain 
much information about future Inflation and, hence. does not play a 
significant role in monetary policy during transition. 

Intuition for these two countries' results was discussed. By the time it 

had separated from Slovakia, the Czech Republic was already in full 

control of monetary policy and pursuing Inflation stabilisation with its 

aim of EU accession clearly in mind. Results for Estonia suggested that 

the introduction of the currency board at the beginning of reform had a 

powerful impact on monetary policy, allowing it to focus exclusively on 
inflationary stabilisation. 

Finally, our results also showed that neither Hungarian, Polish, nor 

Slovenian monetary policy could be adequately characterised by our 

specification. This suggested that a different speciftcation was required, 
capable of explaining the setting of the short-term interest rate In those 

countries. 

In Chapter III, we explored the relevance of other potentially significant 

explanatory variables. In the transition context. one of the main 

concerns facing governments was the financing of the fiscal deflcit. 

Underdeveloped tax systems and financial markets complicated this 

objective. It would appear that many transition countries had little 

alternative but to substantially monetise their deficits at the beginning of 
transition. Once initial stabilisation was reached, one would expect this 
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seigniorage effect to attenuate in the latter part of transition and 

monetary policy to be re-focussed towards its traditional aim of price 

stabilisation. 

To examine this proposition, we began by reviewing the various concepts 
of seigniorage and then proceeded to quantify them for the three 
transition economies. We found that seigniorage had indeed played an 
important role in these countries. 

We found seigniorage to have been significant in Hungary and Poland at 
the beginning of transition. While all seigniorage measures exhibited 
clear co-movement in time in all three countries, there was a substantial 
difference in the quantification of seigniomge, depending on the measure 
used. Ibis difference was especially large In Hungary where it was 
around five per cent of GDP. 

In Hungary, seigniorage culminated In 1992 when it approached ten per 
cent of GDP. then declined to a low point at the beginning of 1993 when 
it reached EU levels. After that. it rose until the beginning of 1995 and 
then decreased steadily since the initiation of the Bokros stabilisation 

package in February 1995. The time path of seigniomge resembled that 

of inflation and interest rates in Hungary. 

For Poland, similar observations were made. In the first year under 
study, only the inflation tax measure of seigniorage was available due to 
limitations in the availability of the data. Ibis measure rose from 15 per 
cent of GDP in 1990 to just over 25 per cent of GDP by the middle of that 

year. Subsequently. it experienced a steep drop and remained below five 

per cent of GDP after 1991. Again, the time path of seigniorage 
resembled the time paths of inflation and interest rates. 

Finally, in the Slovenian case, seigniorage also underwent a similar 
downward trend over the transition decade. Compared to the other two 

countries, the collection of seigniorage in Slovenia was fairly modest 
during the period under study and did not exceed two per cent of GDP. 

These results suggested two Important conclusions. First. using the 

opportunity measure to assess seigniorage in transition is problematic 

and this measure was substantially different from the other measures, 

especially at the beginning of transition. 7bis result is particularly 
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pertinent in the light of the distorted state of financial markets during 

transition. Second, it was evident in all three cases that the further 

transition progresses, the more the seigniorage measures converge. 

In the Chapter IV, we estimated the monetary policy reaction function 

with proportional and derivative elements. 

When stationary econometric methods are applied to non-stationary time 

series, very substantial biases can occur in the estimated equations. 
Consequently, we followed the standard econometric recommendations 
to test for unit roots in our series prior to estimating our econometric 
equations. Our important finding, reported in Chapter 11, namely that 

the majority of interest rates and inflation rates were found not to be 

mean-reverting over the sample period, had important ramifications for 

the selected estimation method. 

'Ibis finding invalidated the standard Taylor Rule methodology for 

modelling these series, pointing to the need for a different specification of 
the model. In this context, It also shed doubt on the results of that other 

researchers, such as Clarida et al. (1998) who have not made recourse to 

nonstationary econometric techniques, despite suggestive evidence that 

the series used may exhibit nonstationary characteristics. Miis suggests 

that their results are fragile and non-robust. Our selected method of first 

testing the series and then applying nonstationary techniques to our 

economic time-series, where applicable. is therefore the preferable 

approach. 

Our analysis also took into account the simultaneity and interdependent 

nature of economic series by estimating an unrestricted vector 

autoregression (in equilibrium correction form) for each country. From 

this model, we obtained the inputs for the policy reaction functions, 

which we subsequently estimated. 

We estimated first-difference and levels formulations of nominal interest 

rate rules. Our variables were inflation. output, expressed as gap 

variables, seigniorage, the exchange rate and the BundesbanWs short- 
term policy Instrument. 7he (expected) gap variables for these 

estimations were obtained from a previously specifted VECM. 
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Our results showed clearly that for all three countries, flungazy. Poland 

and Slovenia, there was a switch from one regime to another around the 

middle of the transition decade. 

In the cases of Poland and Slovenia, the first sub-period could not be 

characterised by inflation or output stabilisation. By contrast, estimates 
for the second period showed that authorities were taking stabillsation 
seriously and pursuing it with vigour. In Poland, this took the form of 
classic inflation and output stabilisation and the Implicit Interest rate 
smoothing. In Slovenia, it took the form of Inflationary stabilisation, 
interest rate smoothing and guidance from the Bundesbank's setting of 
its short-term policy instrument. 

Hungaiy's experience was somewhat different. lbere, during the first 

sub-period, the conflicting aims of Inflationary stabilisation and 
seigniorage collection were clearly demonstrated. In the second half of 
the period, the seigntorage effect attenuated and inflationary 
stabilisation was targeted by means of the BundesbanlCs setting of its 

short-term policy instrument. 
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APPENDIX A: ESTIMATION RESULTS FOR CZECH REPUBLIC 

Ordinary Least Squares Estimation 

Dependent variable is R5 
73 observations used for estimation from 1993M2 to 1999M2 

Regressor Coefficient Standard Error T-Ratio(Prob) 
CZCONST . 47518 . 45112 1.05331.2961 
INFL2(+l) 18.1957 4.2121 4.3199(. 0001 
INFL2(+2) 10.8054 4.4019 2.4547[. 0171 
R5(-l) . 94429 . 035162 26.8552[. 0001 
Zi 3.1704 . 22197 14.2830(. 0001 

R-Squared . 93855 R-Bar-Squared . 93493 
S. E. of Regression . 24119 F-stat. F( 4,68) 259.6401[. 0001 
Mean of Dependent Variable 13.0011 S. D. of Dependent Variable . 94554 
Residual Sum of Squares 3.9557 Equation Log-likelihood 2.8261 
Akaike Info. Criterion -2.1739 Schwarz Bayesian Criterion -7.9000 
DW-statistic 1.6649 Durbin's h-statistic 1.5009[. 1331 

Diagnostic Tests 

Test Statistics LM Version F Version 

A: Serial Correlation*CHSQ( 12)= 12.5548(. 402]*F( 12,56)= . 96929(. 4881 

B: Functional Form *CHSQ( 1)= . 14272E. 706]*F( 1,67)= . 131251.7181 

C: Normality *CHSQ( 2)= 2.7390[. 2541* Not applicable 

D: Heteroscedasticity*CHSQ( 1)= . 032624[. 857]*F( 1,71)= . 0317441.8591 

A: Lagrange multiplier test of residual serial correlation 
B: Ramsey's RESET test using the square of the fitted values 
C: Based on a test of skewness and kurtosis of residuals 
D: Based on the regression of squared residuals on squared fitted values 
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Variable Addition Test (OLS case) 

Dependent variable is R5 
List of the variables added to the regression: 
TMPRESI 
72 observations used for estimation from 1993M3 to 1999M2 

Regressor Coefficient Standard Error T-Ratio[Prob] 
CZCONST . 53910 . 44205 1.2195(. 2271 
INFL2(+l) 18.4246 4.1139 4.4786(. 0001 
INFL2(+2) 10.1620 4.3420 2.34041.0221 
R5(-l) . 93912 . 034498 27.2223(. 0001 
Zi 3.1789 . 21703 14.6471[. 0001 
TMPRES1 -5.6983 4.2650 -1.3361(. 1861 

Joint test of zero restrictions on the coefficients of additi onal variablesi 
Lagrange Multiplier Statistic CHSQ( 1)= 1.8961[. 1691 
Likelihood Ratio Statistic CHSQ( 1)= 1.9215[. 1661 
F Statistic F( 1, 66)= 1.7851(. 1861 
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Instrumental Variable Estimation 

Dependent variable is R5 
List of instruments: 
INFL2 INFL2(-l) INFL2(-2) INFL2(-3) INFL2(-4) 
INFL2(-5) INFL2(-6) R5(-2) R5(-3) R5(-4) 
R5(-5) RS(-6) CZP2r)mDx CZP2DMDX(-I) CZP2DMDX(-2) 
CZCP2USE CZCP2USE(-l) CZCP2USE(-2) CZFM11TNA CZFM11TNA(-l) 
CZFM11TNA(-2) CZQ111GDH CZQ111GDH(-l) CZQ111GDH(-2) CZOCRESX 
CZOCRESX(-l) CZOCRESX(-2) CZRLTTUX CZRLTTUX(-l) CZRLTTUX(-2) 
64 observations used for estimation from 1993M7 to 1998M10 

Regressor Coefficient Standard Error T-Ratio(Prob] 
CZCONST 1.4683 

. 62868 2.33561.0231 
LlINFL2 21.3303 5.1282 4.1594(. 0001 
L21NFL2 14.5700 5.3608 2.71791.0091 
R5(-l) . 86370 

. 048577 17.7800[. 0001 
zi 2.9801 

. 28802 10.3471[. 0001 

R-Squared . 90399 R-Bar-Squared . 89748 
GR-Squared . 75724 GR-Bar-Squared . 74079 
S. E. of Regression . 21683 F-stat. F( 4,59) 138.8786(. 0001 
Mean of Dependent Variable 13.0606 S. D. of Dependent Variable . 67721 
Residual Sum of Squares 2.7740 Value of IV Minimand 1.4291 
DW-statistic 1.7143 Sargan's CHSQ(25) 30.39441.2101 

Diagnostic Tests 

* Test Statistics * LM Version *F Version 
****************************************************************************** 
** 
* A: Serial Correlation*CHSQ( 
** 
* B: Functional Form *CHSQ( 
** 
* C: Normality *CHSQ( 
** 

* 

12)= 17.4501(. 133]* Not applicable 
* 

1)= l. 6866(. 194)* Not applicable 
* 

2)= . 77765(. 678]* Not applicable 
* 

D: Heteroscedasticity*CHSQ( 1)= . 76862[. 3811* Not applicable 

A: Lagrange multiplier test of residual serial correlation 
B: Ramsey's RESET test using the square of the fitted values 
C: Based on a test of skewness and kurtosis of residuals 
D: Based on the regression of squared residuals on squared fitted values 
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APPENDIX B: ESTIMATION RESULTS FOR ESTONIA 

Ordinary Least Squares Estimation 

Dependent variable is R2 
66 observations used for estimation from 1993M3 to 1998M8 

Regressor Coefficient Standard Error T-Ratio(Prob] 
EOCONST . 39331 . 27321 1.4396[. 1551 
INFL2(+6) 20.2625 8.2630 2.45221.0173 
R2(-l) . 89028 . 031879 27.92661.0001 
Zi 6.6542 . 60568 10.9864(. 0001 

R-Squared . 95744 R-Bar-Squared . 95538 
S. E. of Regression . 85348 F-stat. F( 3,62) 464.95901.0001 
Mean of Dependent Variable 9.3770 S. D. of Dependent Variable 4.0406 
Residual Sum of Squares 45.1627 Equation Log-likelihood -81.1303 
Akaike info. Criterion -85.1303 Schwarz Bayesian Criterion -89.5096 
DW-statistic 2.0719 Durbin's h-statistic -. 302541.7621 

Diagnostic Tests 

Test Statistics LM Version F Version 

A: Serial Correlation*CHSQ( 12)= 18.45881.102]*F( 12,50)= 1.6178(. 1171 

B: Functional Form *CHSQ( 1)= . 456351.499]*F( 1,61)= . 424721.5171 

C: Normality *CHSQ( 2)= 1.2835[. 5261* Not applicable 

D: Heteroscedasticity*CHSQ( 1)= . 0574951.810)*F( 1,64)= . 055802(. 8141 

A: Lagrange multiplier test of residual serial correlation 
B: Ramsey's RESET test using the square of the fitted values 
C: Based on a test of skewness and kurtosis of residuals 
D: Based on the regression of squared residuals on squared fitted values 
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Variable Addition Test (OLS case) 

Dependent variable is R2 
List of the variables added to the regression: 
TMPRES1 
65 observations used for estimation from 1993M4 to 1998M8 

Regressor Coefficient Standard Error T-Ratio(Probj 
EOCONST . 33646 . 30230 1.1130(. 2701 
INFL2(+6) 5.9578 27.3355 . 21795[. 8281 
DLNY . 77279 1.1371 . 67961[. 4991 
R2(-l) . 92054 

. 065173 14.1247[. 0001 
Zi 5.8564 . 87640 6.6824[. 0001 
TMPRES1 12.6894 28.5041 . 44518[. 6581 

Joint test of zero restrictions on the coefficients of additional variables: 
Lagrange Multiplier Statistic CHSQ( 1)= . 21761[. 6411 
Likelihood Ratio Statistic CHSQ( 1)= . 217971.6411 
F Statistic F( 1,59)= . 198181.6581 
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Instrumental Variable Estimation 

Dependent variable is R2 
List of instruments: 
EOCONST INFL2 INFL2(-l) INFL2(-2) INFL2(-3) 
INFL2(-4) INFL2(-5) INFL2(-6) R2(-2) R2(-3) 
R2(-4) R2(-5) R2(-6) DLNY DLNY(-l) 
DLNY(-2) EOIXlLXDA EOIXlLXDA(-l) EOIXlLXDA(-2) EOIXXAEX 
EOIXXAEX(-l) EOIXXAEX(- 2) EOIXXAGX EOIXXAGX(-l) EOXXXAGX(-2) 
EOMO EOMO(-l) EOMO(-2) 
61 observations used for e stimation from 1993M8 to 1998M8 

Regressor Coe fficient Standard Error T-Ratio(Prob) 
EOCONST . 62015 . 32575 1.9038(. 0621 
INFL2(+6) 26.9132 11.0928 2.42621.0181 
R2(-l) . 84759 . 040280 21.0424(. 0001 
zi 7.0580 1.1386 6.1986(. 0003 

R-Squared . 93037 R-Bar-Squared . 92670 
GR-Squared . 86283 GR-Bar-Squared . 85561 
S. E. of Regression . 86986 F-stat. F( 3,57) 253.86551.0001 
Mean of Dependent Variable 8.6374 S. D. of Dependent Variable 3.2130 
Residual Sum of Squares 43.1295 Value of IV Minimand 14.5494 
DW-statistic 2.0658 Sargan's CHSQ(24) 19.2285(. 7401 

Diagnostic Tests 

Test Statistics LM Version F Version 

** 
* A: Serial Correlation*CHSQ( 
** 
* B: Functional Form *CHSQ( 
** 
* C: Normality *CHSQ( 
** 

12)= 14.30061.2821* Not applicable 

1)= . 70051[. 4031* Not applicable 

2)= 1.0755[. 5841* Not applicable 

D: Heteroscedasticity*CHSQ( 1)= . 16177[. 6881* Not applicable 

A: Lagrange multiplier test of residual serial correlation 
B: Ramsey's RESET test using the square of the fitted values 
C: Based on a test of skewness and kurtosis of residuals 
D: Based on the regression of squared residuals on squared fitted values 
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APPENDIX C: ESTIMATION RESULTS FOR HUNGARY 

Batch loaded from C: \GiveWin\data\Hnvar. f1 

Batch loaded from C: \GiveWin\data\Hnvar. fl 

//Batch code for EQ(1): 
module("PcFiml*); 
loaddata(oc: \givewin\data\Hn. in7l); 
system 

Y= CP11, LIP1, LMO; 
Z= CPI1-1, CP11-2, LIP1_1, LIP1-2, LMO_l, LMO_2, Trend; 
U= CSeason_5, CSeason, CSeason_6, CSeason_7, CSeason_8, CSeason_9, 

CSeason_l, CSeason_10, Constant, CSeason_3, CSeason-2, 
CSeason-4; 

estsystem(OOLS", 1991,5,1998,11,0,58); 
testsummary; 
system 

Y= Cpjl, LIP1, LMO; 
Z= CPI1-1, CPIl-2, LIP1_1, LIP1_2, LMO_l, LMO_2, Trend; 
U= CSeason_5, CSeason, CSeason_6, CSeason_7, CSeason-8, CSeason-9, 

CSeason_l, CSeason_10, Constant, CSeason_3, CSeason_2, 
CSeason-4, Dl; 

} 
estsystem("OLS", 1991,5,1998,11,0,58); 
testsummary; 

option("shortrun", 1); 
estsystem(ICOINT", 1991,5,1998,11,0,58); 
dynamics; 
testcoint 

option(Ilcointmethod", 1); 
estsystem("RCOINT", 1991,5,1998,11); 
dynamics; 

testcoint 

&3=0; &4=1; &5=-l; 

option(mcointmethod", 1); 
estsystem("RCOINT*, 1991,5,1995,2); 

testcoint 

&3=0; &4=1; &5=-l; 

option(*Cointmethodn, 1); 
estsystem(ORCOINTO, 1995,3,1998,11); 
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testcoint 

&3=0; &4=1; &5=-l; 

option("cointmethod', 1); 
estsystem("RCOINT*, 1991,5,1998,11); 
dynamics; 
loadalgebra(mc: \givewin\data\hnl. algo); 
system 

Y= DCPII, DLIP1, DLMO; 
Z= DCPI1_1, DLIP1-1, DLMO_l, CI_l, Constant; 
U= CSeason, CSeason_l, CSeason_2, CSeason_3, CSeason_4, CSeason_5, 

CSeason_6, CSeason_7, CSeason_B, CSeason-9, CSeason_10, Dl; 
I= CI; 

estsystem(«OLS", 1991,5,1998,11,0,42); 
testsummary; 
store(Ofitteda); 
saveresults(mc: \givewin\results\hn. outw); 
savedata(wc: \givewin\data\Hn. in7%); 

//Batch code for EQ(1): 
module("PcFimll); 
loaddata(*c: \givewin\data\Hn. in7"); 
system 

Y= CPI1, LIP1, LMO; 
Z= CPI1_1, CPI1_2, LIP1_1, LIP1-2, LMO_l, LMO_2, Trend; 
U= CSeason. 5, CSeason, CSeason. 6, CSeason_7, CSeason-8, CSeason_9, 

CSeason_l, CSeason_10, Constant, CSeason_3, CSeason_2, 
CSeason. 4; 

estsystem("OLS", 1991,5,1998,11,0,58); 
testsummary; 
system 

Y= CPI1, LIP1, LMO; 
Z= CPIl-1, CPIl-2, LIP1_1, LIP1-2, LMO_l, LMO-2, Trend; 
U= CSeason-5, CSeason, CSeason-6, CSeason_7, CSeason_8, CSeason_9, 

CSeason. 1, CSeason. 10, Constant, CSeason-3, CSeason. 2, 
CSeason_4, DI; 

estsystem("OLSO, 1991,5,1998,11,0,58); 
testsummary; 

option(*shortrun", 1); 
estsystem("COINT", 1991,5,1998,11,0,58); 
dynamics; 
testcoint 

option(mcointmethod", 1); 
estsystem("RCOINTm, 1991,5,1998,11); 
dynamics; 
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testcoint 

&3=0; &4=1; &5=-l; 

option(Ocointmethod", 1); 
estsystem(ORCOINT", 1991,5,1995,2); 

testcoint 

&3=0; &4=1; &5=-l; 

option(mcointmethodm, 1); 
estsystem("RCOINT', 1995,3,1998,11); 

testcoint 

&3=0; &4=1; &5=-l; 

option(mcointmethod", 1); 

estsystem("RCOINT", 1991,5,1998,11); 
dynamics; 
loadalgebra("c: \givewin\data\hnl. algo); 
system 

Y= DCPI1, DLIP1, DL. MO; 
Z= DCPIl-1, DLIP1-1, DLMO_l, CI-1, Constant; 
U= CSeason, CSeason_l, CSeason_2, CSeason_3, CSeason_4, CSeason_5, 

CSeason_6, CSeasozX_7, CSeason, 
_8, 

CSeason_9, CSeason_10, Dl; 
I= CI; 

estsystem(ROLS9,1991,5,1998,11,0,42); 
testsui=ary; 
store("fitted"); 
saveresults(*c: \givewin\results\hn. out'); 
savedata(Ic: \givewin\data\Hn. in7u); 

SYS( 1) Estimating the unrestricted reduced form by OLS (using Hn. in7) 
The present sample is: 1991 (5) to 1998 (11) 

URF Equation 1 for CPI]. 
Variable Coefficient Std. Error t-value t-prob 
CpIl-1 1.1826 0.11664 10.139 0.0000 
cpIl-2 -0.15186 0.12785 -1.188 0.2388 
LIP1-1 0.012822 0.023667 0.542 0.5897 
LIP1-2 0.0041060 0.021691 0.189 0.8504 
LMO-1 0.066518 0.042197 1.576 0.1193 
LmO-2 -0.051624 0.042707 -1.209 0.2307 
Trend -0.00081670 0.0010064 -0.812 0.4197 
CSeason-5 0.0028617 0.0048736 0.587 0.5589 
CSeason 0.0021388 0.0045675 0.468 0.6410 
CSeason-6 -0.0023279 0.0043471 -0.536 0.5939 
CSeason-7 -0.0054130 0.0050776 -1.066 0.2900 
CSeason-B 0.028986 0.0049773 5.824 0.0000 
CSeason-9 0.0063786 0.0060942 1.047 0.2988 
CSeason-1 -0.0038287 0.0045980 -0.833 0.4078 
CSeason-10 0.0037378 0.0048957 0.763 0.4477 
Constant -0.25572 0.35203 -0.726 0.4699 
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CSeason-3 -0.0082455 0.0054618 -1-510 0.1355 
CSeason_2 -0.0061585 0.0054424 -1.132 0.2616 
CSeason_4 0.0069839 0.0050816 1.374 0.1736 

\sigma = 0.00800658 RSS = 0.004615587567 

URF Equation 
Variable 
cpIl-1 
CP11-2 
LIP1-1 
LIP1-2 
LMO-1 
LMO_2 
Trend 
CSeason-5 
CSeason 
CSeason_6 
CSeason_7 
CSeason-8 
CSeason-9 
CSeason_1 
CSeason_10 
Constant 
CSeason_3 
CSeason_2 
CSeason_4 

2 for LIP1 
Coefficient 

-0.69108 
0.19695 
0.24426 
0.32446 

-0.90640 
0.77066 

0.011947 
0.12749 

0.052089 
0.19704 
0.17082 

-0.019336 
0.071271 

0.23047 
0.12258 

4.5208 
0.028680 
0.017202 

0.15436 

Std. Error 
0.45252 
0.49603 

0.091820 
0.084156 

0.16371 
0.16569 

0.0039046 
0.018908 
0.017721 
0.016866 
0.019700 
0.019311 
0.023644 
0.017839 
0.018994 

1.3658 
0.021190 
0.021115 
0.019715 

t-value 
-1.527 

0.397 
2.660 
3.855 

-5.537 
4.651 
3.060 
6.743 
2.939 

11.683 
8.671 

-1.001 
3.014 

12.919 
6.454 
3.310 
1.353 
0.815 
7.829 

t-prob 
0.1311 
0.6925 
0.0096 
0.0002 
0.0000 
0.0000 
0.0031 
0.0000 
0.0044 
0.0000 
0.0000 
0.3200 
0.0036 
0.0000 
0.0000 
0.0015 
0.1801 
0.4180 
0.0000 

\sigma = 0.0310634 RSS = 0.06947516832 

URF Equation 
Variable 
cpIl-I 
CPIl-2 
LIP1-1 
LIP1_2 
LMO-1 
LmO-2 
Trend 
CSeason-5 
CSeason 
CSeason-6 
CSeason-7 
CSeason_8 
CSeason-9 
CSeason_1 
CSeason_10 
Constant 
CSeasoný-3 
CSeason_2 
CSeason-4 

3 for LMO 
Coefficient 

-0.15546 
0.0085173 

0.084953 
-0.13822 

0.57271 
0.27552 

0.0042011 
-0.024137 

-0.0068917 
-0.00011699 

-0.018964 
-0.075842 
-0.019791 
-0.011787 
-0.027266 

1.6297 
0.020599 

-0.019440 
-0.022228 

Std. Error 
0.29857 
0.32728 

0.060582 
0.055526 

0.10802 
0.10932 

0.0025762 
0.012475 
0.011692 
0.011128 
0.012998 
0.012741 
0.015600 
0.011770 
0.012532 

0.90114 
0.013981 
0.013932 
0.013008 

t-value 
-0.521 

0.026 
1.402 

-2.489 
5.302 
2.520 
1.631 

-1.935 
-0.589 
-0.011 
-1.459 
-5.953 
-1.269 
-1.001 
-2.176 

1.808 
1.473 

-1.395 
-1.709 

t-prob 
0.6042 
0.9793 
0.1651 
0.0151 
0.0000 
0.0139 
0.1073 
0.0570 
0.5574 
0.9916 
0.1489 
0.0000 
0.2087 
0.3200 
0.0329 
0.0747 
0.1450 
0.1672 
0.0918 

\sigma = 0.0204955 RSS = 0.03024459256 

correlation of URF residuals 
CpIl LIP1 

CpIl 1.0000 
LIP1 -0.060772 1.0000 
LMO -0.062230 0.053355 

LNO 

1.0000 

standard deviations of URF residuals 
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cpll LIP1 LMO 
0.0080066 0.031063 0.020495 

loglik = 1141.4211 logl\Omegal = -25.0862 I\Omegal a 1.27412e-Oll Tu 91 
loglY'Y/Tl = -13.1757 
RA2(LR) = 0.999993 RA 2(LM) = 0.880723 

F-test on all regressors except unrestricted, F(21,201) m 597.93 10.00001 

variables entered unrestricted: 
CSeason_5 CSeason CSeason_6 CSeason-7 CSeason_8 CSeason_9 
CSeason_1 CSeason-10 Constant CSeason-3 CSeason_2 CSeason-4 

F-tests on retained regressors, F(3,70) 
CPI1-l 33.5942 [0.00001 CPIl-2 0.492872 [0.68841 
LIP1-1 3.00713 [0.03601 LIP1-2 7.20021 (0.00031 

LMO-1 20.9223 [0.00001 LMO-2 8.89353 [0.00001 
Trend 3.82860 [0.01341 

correlation of actual and fitted 
CpIl LIP1 LMO 

0.99986 0.98470 0.99805 

CpIl : Portmanteau 10 lags= 13.58 
LIP1 : Portmanteau 10 lags= 17.751 
LMO : Portmanteau 10 lags= 10.406 
CpIl : AR 1- 6 F( 6,66) = 1.1118 [0.36511 
LIP1 : AR 1- 6 F( 6,66) = 1.272 10.28231 
LMO : AR 1- 6 F( 6,66) = 1.1259 [0.35711 
CPIl : Normality ChiA2(2)= 24.213 [0.00001 
LIP1 : Normality ChiA2(2)= 1.0448 [0.59311 
LMO : Normality ChiA2(2)= 3.6609 [0.16031 
CpIl : ARCH 6 F( 6,60) = 0.1475 [0.9889) 
LIP1 : ARCH 6 F( 6,60) = 0.38804 (0.88391 
LMO : ARCH 6 F( 6,60) = 0.45595 [0.83791 
CpIl : XiA2 F(14,57) = 1.1231 [0.35883 
LIPI : Xi-2 F(14,57) = 0.49607 [0.92581 
LMO : Xi"2 F(14,57) = 0.77866 (0.68701 
CpIl : Xi*Xj F(35,36) = 1.1737 10.31731 
LIP1 : Xi*Xj F(35,36) = 0.40231 [0.99591 
LMO : Xi*Xj F(35,36) = 0.44511 (0.99081 
Vector portmanteau 10 lags= 102.64 
Vector AR 1-6 F(54,155) = 1.5646 [0.01781 
Vector normality Chi"12( 6)= 29.604 [0.0000] 
Vector XiA2 F(84,296) 0.64416 [0.99121 
Vector Xi*Xj F(210,192) 0.58496 [0.99991 

SYS( 2) Estimating the unrestricted reduced form by OLS (using Hn. in7) 
The present sample is: 1991 (5) to 1998 (11) 

URF Equation 1 for CPI1 

Variable Coefficient Std. Error t-value t-prob, 
CpIl-l 1.2810 0.10542 12.151 0.0000 
cpIl-2 -0.24606 0.11499 -2.140 0.0358 
LIP1-1 0.020210 0.021004 0.962 0.3392 
LIP1-2 -0.0059180 0.019319 -0.306 0.7602 
LMO-1 0.071855 0.037357 1.923 0.0584 
LmO-2 -0.064149 0.037889 -1.693 0.0948 
Trend -0.00077800 0.00089057 -0.874 0.3853 
CSeason-5 0.0023713 0.0043138 0.550 0.5842 
CSeason 0.0030244 0.0040462 0.747 0.4573 
Cseason-6 -0.0020026 0.0038473 -0.521 0.6043 
CSeason_7 -0.0077335 0.0045215 -1.710 0.0916 



226 

CSeason-8 0.030505 0.0044168 6.907 0.0000 
CSeason_9 0.0059374 0.0053935 1.101 0.2747 
CSeason_l -0.0038866 0.0040686 -0.955 0.3427 
CSeason_10 -0.0022913 0.0045279 -0.506 0.6144 
Constant -0.22987 0.31156 -0.738 0.4631 
CSeason_3 -0.0036885 0.0049344 -0.747 0.4572 
CSeason. -2 -0.0088730 0.0048522 -1.829 0.0717 
CSeason_4 0.0079924 0.0045019 1.775 0.0801 
Dl 0.016694 0.0036468 4.578 0.0000 

\sigma = 0.00708479 RSS = 0.003563794391 

URF Equation 
Variable 
CP11-1 
CPIl_2 
LIP1-1 
LIPI-2 
LMO-1 
LMO-2 
Trend 
CSeason_5 
CSeason 
CSeason_6 
CSeason_7 
CSeason_8 
CSeason_9 
CSeason_1 
CSeason_10 
Constant 
CSeason_3 
CSeason_2 
CSeason. 4 
Dl 

2 for LIP1 
Coefficient 

-0.58279 
0.093220 

0.25239 
0.31342 

-0.90052 
0.75687 

0.011990 
0.12695 

0.053064 
0.19740 
0.16826 

-0.017663 
0.070786 

0.23041 
0.11594 

4.5493 
0.033698 
0.014212 

0.15547 
0.018383 

Std. Error 
0.46117 
0.50302 

0.091883 
0.084510 

0.16342 
0.16575 

0.0038959 
0.018871 
0.017701 
0.016830 
0.019780 
0.019321 
0.023594 
0.017799 
0.019808 

1.3629 
0.021586 
0.021226 
0.019694 
0.015953 

t-value 
-1.264 

0.185 
2.747 
3.709 

-5.510 
4.566 
3.078 
6.727 
2.998 

11.729 
8.507 

-0.914 
3.000 

12.945 
5.853 
3.338 
1.561 
0.670 
7.894 
1.152 

t-prob 
0.2105 
0.8535 
0.0076 
0.0004 
0.0000 
0.0000 
0.0030 
0.0000 
0.0037 
0.0000 
0.0000 
0.3637 
0.0037 
0.0000 
0.0000 
0.0013 
0.1229 
0.5053 
0.0000 
0.2531 

\sigma = 0.0309929 RSS = 0.06819969272 

URF Equation 
Variable 
CpIl-1 
CPIl-2 
LIP1-1 
LIP1_2 
LMO-1 
LMO_2 
Trend 
CSeason_5 
CSeason 
CSeason-6 
CSeason-7 
CSeason_8 
CSeason_9 
CSeason-1 
CSeason-10 
Constant 
CSeason-3 
CSeason, _2 CSeason-4 
Dl 

3 for LMO 
Coefficient 

0.0014132 
-0.14176 
0.096740 
-0.15421 

0.58122 
0.25554 

0.0042628 
-0.024919 

-0.0054791 
0.00040195 

-0.022666 
-0.073419 
-0.020495 
-0.011880 
-0.036884 

1.6709 
0.027869 

-0.023770 
-0.020619 

0.026631 

Std. Error 
0.29321 
0.31981 

0.058418 
0.053730 

0.10390 
0.10538 

0.0024769 
0.011998 
0.011254 
0.010700 
0.012576 
0.012284 
0.015001 
0.011316 
0.012593 

0.86652 
0.013724 
0.013495 
0.012521 
0.010143 

t-value 
0.005 

-0.443 
1.656 

-2.870 
5.594 
2.425 
1.721 

-2.077 
-0.487 
0.038 

-1.802 
-5.977 
-1.366 
-1.050 
-2.929 

1.928 
2.031 

-1.761 
-1.647 
2.626 

t-prob 
0.9962 
0.6589 
0.1021 
0.0054 
0.0000 
0.0179 
0.0896 
0.0414 
0.6279 
0.9701 
0.0757 
0.0000 
0.1762 
0.2974 
0.0046 
0.0578 
0.0460 
0.0825 
0.1040 
0.0106 

\sigma = 0.0197049 RSS = 0.02756798612 
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correlation of URF residuals 
CpIl 

CpIl 1.0000 
LIP1 -0.14410 
LMO -0.24346 

LIP1 LMO 

1.0000 
0.013793 1.0000 

standard deviations of URF residuals 
cpI1 LIP1 LMO 

0.0070848 0.030993 0.019705 

loglik = 1161.5467 logj\Omegaj = -25.5285 I\Ornegal = 8.1868e-012 T= 91 
logjY'Y/Tj = -13.2198 
R-2(LR) = 0.999995 R A2 (LM) = 0.880355 

F-test on all regressors except unrestricted, F(21,198) = 678.51 (0.00001 
variables entered unrestricted: 

CSeason_5 CSeason CSeason_6 CSeason_7 CSeason_8 CSeason_9 
CSeason. 1 CSeason_10 Constant CSeason_3 CSeason_2 CSeason-4 

Dl 

F-tests on retained regressors, F(3,69) 
CPI1-1 50.9531 [0.00001 CPIl-2 1.81042 10.15341 
LIP1-1 4.36843 [0.00711 LIP1 2 7.30055 (0.00031 

LMO-1 22.4497 [0.00001 - LMO 2 8.63858 [0.00011 
Trend 3.98118 [0.01121 - 

correlation of actual and fitted 
CPI1 LI P1 LMO 

0.99990 0.984 98 0.99822 

CpIl : Portmanteau 10 lags= 9.0963 
LIP1 : Portmanteau 10 lags= 18.187 
LMO : Portmanteau 10 lags= 18.249 
CPI1 : AR 1- 6 F( 6, 65) = 0.71085 10.64213 
LIP1 : AR 1- 6 F( 6, 65) = 1.2938 [0.27261 
LMO : AR 1- 6 F( 6, 65) = 1.6416 [0.14991 
CpIl : Norma lity Chi^ 2(2)= 3.694 [0.15771 
LIPI : Norma lity Chi^ 2(2)= 1.545 [0.46191 
LMO : Norma lity Chi^ 2(2)= 1.1357 [0.56671 
CPI1 : ARCH 6 F( 6, 59) = 0.58931 [0.73751 
LIP1 : ARCH 6 F( 6, 59) = 0.26092 [0.95281 
LMO : ARCH 6 F( 6, 59) = 0.50182 (0.80451 
CPI1 : Xi"2 F(14, 56) = 1.3574 (0.20521 
LIP1 : Xi"2 F(14, 56) = 0.56422 [0.88111 
LMO : XiA2 F(14, 56) = 1.0088 [0.45791 
CPI1 : Xi*Xj F(35, 35) = 1.0219 [0.47461 
LIP1 : xi*xj F(35, 35) = 0.39836 [0.99611 
LMO : Xi*Xj F(35, 35) = 0.53005 [0.96781 
Vector portman teau 10 l ags= 96.421 
Vector AR 1-6 F(54,152 )= 1.0874 (0.34051 
Vector normali ty Chi^2( 6)= 6.8419 (0.33571 
Vector XiA2 F(84,290 ) 0.62664 (0.99401 
Vector xi*Xj F(210,18 6) 0.53891 [1.00001 

SYS( 3) Cointegration analysis 1991 (5) to 1998 (11) 

eigenvalue loglik for rank 
1136.09 0 

0.308992 1152.91 1 
0.152588 1160.44 2 
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0.0240006 1161.55 3 

Ho: rank=p -Tlog(l-\mu) using T-nra 95% -T\Sum log(. ) using T-nm 95% 
p == 0 33.63** 31.42** 25.5 50.91** 47.55* 42.4 
p <= 1 15.07 14.07 19.0 17.28 16.14 25.3 

p <= 2 2.211 2.065 12.3 2.211 2.065 12.3 

standardized \beta' eigenvectors 
CPI1 LIP1 LMO Trend 

1.0000 0.93740 0.14644 -0.023396 
1.5200 1.0000 1.3326 -0.043681 
1.9877 -0.044308 1.0000 -0.046284 

standardized \alpha coefficients 
CPI1 0.020516 -0.0044667 0.010654 
LIP1 -0.39278 -0.065924 0.0017168 
LMO 0.067151 -0.12094 -0.011903 

long-run matrix Po=\alpha*\betal, rank 3 
cpil LIP1 LMO Trend 

cpil 0.034903 0.014292 0.0077065 -0.00077800 
LIP1 -0.48957 -0.43419 -0.14365 0.011990 
LMO -0.14034 -0.057469 -0.16324 0.0042628 

Number of lags used in the analysis: 2 
Variables entered unrestricted: 

CSeason-5 CSeason CSeason_6 CSeason_7 CSeason_8 CSeason_9 
CSeason_l CSeason_10 Constant CSeason-3 CSeason_2 CSeason-4 

D1 
Variables entered restricted: 

Trend 

Dynamic analysis of the system 
Lag-1 multipliers 

Trend 
CpIl -0.00044797 
LIP1 -0.00035925 
LMO 0.0036364 

Mean lag matrix 
cpIl LIP1 LMO 

cpil -0.78885 -0.0083744 0.056442 
LIP1 0.39635 -0.87923 -0.61322 
Lmo 0.28210 0.21168 -1.0923 

Long-run matrix \Pi(l)-I = Po 
cpIl LIP1 LMO 

cpIl 0.034903 0.014292 0.0077065 
LIP1 -0.48957 -0.43419 -0.14365 
LMO -0.14034 -0.057469 -0.16324 

Long-run covariance 
cpIl LIP1 LMO 

cpil 0.16149 
LIP1 -0.15715 0.16134 
LMO -0.074369 0.064260 0.052971 

Long-run multipliers 
Trend 

cPIl 0.019043 
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LIP1 0.0033031 
LMO 0.0085791 

Static long run 
Trend (null) 

cpil 0.019043 8.7620 
LIP1 0.0033031 -8.0880 
LMO 0.0085791 -4.2920 

Standard errors of static long run 
Trend (null) 

CpIl 0.0044875 14.187 
LIP1 0.0044855 14.181 
LMO 0.0025701 8.1255 

Eigenvalues of \Pi(l)-I 

real complex modulus 
0.01791 0.0000 0.01791 
-0.4451 0.0000 0.4451 
-0.1353 0.0000 0.1353 

Eigenvalues of companion matrix 
real complex modulus 

-0.3954 0.3676 0.5398 
-0.3954 -0.3676 0.5398 

0.2520 0.0000 0.2520 
1.023 0.0000 1.023 

0.7477 0.0000 0.7477 
0.8823 0.0000 0.8823 

General cointegration restrictions: 
unrestricted 
Analysis of restrictions on \alpha and \beta: 

- \alpha is unrestricted 
- \beta is unrestricted 
- the restrictions do not identify all cointegrating vectors 

SYS( 3) General cointegration test 1991 (5) to 1998 (11) 

beta' 
cpil LIP1 LMO Trend 

1.0000 0.93740 0.14644 -0.023396 

\alpha 
cpil 0.020516 
LIP1 -0.39278 
LMO 0.067151 

Standard errors of alpha 
CPII 0.016724 
LIP1 0.072884 
LMO 0.049161 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
cpil LIP1 LMO Trend 

cpil 0.020516 0.019231 0.0030043 -0.00047998 
LIP1 -0.39278 -0.36819 -0.057518 0.0091894 
LMO 0.067151 0.062948 0.0098336 -0.0015711 
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Reduced form \beta, 
LIP1 LMO Trend 

cpll -0.93740 -0.14644 0.023396 

Standard errors of long-run matrix 
cpIl 0.016724 0.015677 0-0024491 0.00039128 
LIP1 0.072884 0.068321 0.010673 0.0017052 
LMO 0.049161 0.046083 0.0071991 0.0011502 

Long-run matrix of first differences \Gar=a 
0.75394 -0.0059180 -0.064149 

0.093220 1.3134 0.75687 
-0.14176 -0.15421 1.2555 

moving average impact matrix 
CpIl 1.4558 0.082271 0.036458 
LIP1 -1.5863 -0.10908 -0.15343 
LMO 0.21282 0.13646 0.73316 

The restrictions do not identify all cointegrating vectors. 
loglik = 1152.908 -logl\Omegal = 25.338638 unrestr. loglik z 1152.908 
Zero degrees of freedom in LR-test, no binding restrictions imposed. 

General cointegration restrictions: 
&3 = 0; 
&4 1; 
&5 -1; 

Analysis of restrictions on \alpha and \beta: 
- linear restrictions 
- \alpha x \beta restrictions are variation free 
- \alpha is unrestricted 
- \beta has only within-equation restrictions 
- \beta restrictions are homogenous when scaling removed 
- \beta equality restrictions rewritten 

SYS( 4) General cointegration test 1991 (5) to 1995 (2) 

\beta' 
cpil LIP1 LMO Trend 

0.00000 1.0000 -1.0000 0.0098830 

Standard errors of beta, 
cpIl LIP1 

0.00000 0.00000 

\alpha 
cpil 0.021871 
LIP1 -0.19457 
LMO 0.035391 

Standard errors of alpha 
cpil 0.014428 
LIP1 0.051906 
LMO 0.046402 

LMO Trend 
0.00000 0.0015865 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
CpIl LIP1 LMO Trend 

CpIl 0.00000 0.021871 -0.021871 0.00021615 
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LIP1 0.00000 -0.19457 0.19457 -0.0019229 
LMO 0.00000 0.035391 -0.035391 0.00034977 

Standard errors of long-run matrix 
CpIl 0.00000 0.014428 0.014428 0.00014259 
LIP1 0.00000 0.051906 0.051906 0.00051299 
LMO 0.00000 0.046402 0.046402 0.00045859 

Long-run matrix of first differences \Gamma 
0.76387 -0.038133 -0.10749 

0.046286 1.2416 0.84825 
-0.28514 -0.12090 1.3971 

Moving average impact matrix 
CPIl 1.2755 0.13087 -0.068760 
LIP1 0.21310 0.13168 0.59224 
LMO 0.21310 0.13168 0.59224 

Linear Switching (scaled analytical); result: Strong convergence 
(epsl=0.0001, eps2=0.005) 

loglik = 592.52585 -logl\Omegal = 25.761994 unrestr. loglik z 593.48231 
LR-test, rank=l: Chi^2(2) = 1.9129 (0.38431 

General cointegration restrictions: 
&3 = 0; 
EA 
&5 

Analysis of restrictions on \alpha and \beta: 
- linear restrictions 
- \alpha x \beta restrictions are variation free 
- \alpha is unrestricted 
- \beta has only within-equation restrictions 
- \beta restrictions are homogenous when scaling removed 
- \beta equality restrictions rewritten 

SYS( 5) General cointegration test 1995 (3) to 1998 (11) 

\beta' 
cpIl LIP1 

0.00000 1.0000 
LMO Trend 

-1.0000 -0.0043337 

Standard errors of beta, 
CPII LIP1 

0.00000 0.00000 

\alpha 
cpil 0.029380 
LIP1 -0.16017 
LMO 0.028209 

Standard errors of alpha 
cpil 0.0078021 
LIP1 0.060215 
LMO 0.043510 

LMO Trend 
0.00000 0.0015848 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
CpIl LIP1 LMO Trend 
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cpI1 0.00000 0.029380 -0.029380 -0.00012732 
LIP1 0.00000 -0.16017 0.16017 0.00069412 
LMO 0.00000 0.028209 -0.028209 -0.00012225 

Standard errors of long-run matrix 
cpI1 0.00000 0.0078021 0.0078021 3.3812e-005 
LIP1 0.00000 0.060215 0.060215 0.00026095 
LMO 0.00000 0.043510 0.043510 0.00018856 

Long-run matrix of first differences \Gamma 
0.91699 0.036881 0.014592 
-1.7646 1.3310 0.86722 
0.52816 -0.15074 1.0700 

Moving average impact matrix 
CPll 1.9318 0.23594 -0.67239 
LIP1 -0.32145 0.095557 0.87737 
LMO -0.32145 0.095557 0.87737 

Linear switching (scaled analytical); result: Strong convergence 
(epsl=0.0001, eps2=0.005) 

loglik = 637.7854 -logl\omegal = 28.346018 unrestr. loglik = 639.34004 
LR-test, rank=l: Chi^2(2) = 3.1093 (0.2113] 

General cointegration, restrictions: 
&3 = 0; 
&4 
&5 

Analysis of restrictions on \alpha and \beta: 
- linear restrictions 
- \alpha x \beta restrictions are variation free 
- \alpha is unrestricted 
- \beta has only within-equation restrictions 
- \beta restrictions are homogenous when scaling removed 
- \beta equality restrictions rewritten 

SYS( 6) General cointegration test 1991 (5) to 1998 (11) 

\beta ' 
cpll LIP1 LMO Trend 

0.00000 1.0000 -1.0000 0.0040196 

Standard errors of beta, 
cpIl LIP1 

0.00000 0.00000 

\alpha 
cPI1 0.0075498 
LIP1 -0.12808 
Lmo 0.055126 

Standard errors of alpha 
cPI1 0.0070365 
LIP1 0.032958 
LMO 0.019887 

LMO Trend 
0.00000 0.00081477 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
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cpil LIP1 
cpil 0.00000 0.0075498 
LIP1 0.00000 -0.12808 
LMO 0.00000 0.055126 

LMO Trend 
-0.0075498 3.0347e-005 

0.12808 -0.00051482 
-0.055126 0.00022158 

Standard errors of long-run matrix 
cpIl 0.00000 0.0070365 0.0070365 2.8284e-005 
LIP1 0.00000 0.032958 0.032958 0.00013248 
LMO 0.00000 0.019887 0.019887 7.9940e-005 

Long-run matrix of first differences \Garma 
0.75394 -0.0059180 -0.064149 

0.093220 1.3134 0.75687 

-0.14176 -0.15421 1.2555 

Moving average impact matrix 
CpIl 1.3122 0.062617 -0.034227 
LIP1 0.066934 0.21922 0.50016 
LMO 0.066934 0.21922 0.50016 

Linear Switching (scaled analytical); result: Strong convergence 
(epsl=0.0001, eps2=0.005) 

loglik = 1150.194 -1c)gl\Omegal = 25.27899 unrestr. loglik = 1152.908 
LR-test, rank=l: Chi^2(2) = 5.4279 (0.06631 

SYS( 8) Estimating the unrestricted reduced form by OLS (using Hn. in7) 
The present sample is: 1991 (5) to 1998 (11) 

URF Equation 
Variable 
DCPIl-l 
DLIP1-1 
DLMO_l 
CI-1 
Constant 
CSeason_l 
CSeason_2 
CSeason. 3 
CSeason. 4 
CSeason_5 
CSeason_6 
CSeason-7 
CSeason-8 
CSeason_9 
CSeason_10 
D1 
CSeason 

1 for DCPIl 
Coefficient 

0.31698 
0.0084213 

0.075288 
0.0075487 

0.017935 
-0.0042799 
-0.0084090 
-0.0035642 

0.0077254 
0.0016694 

-0.0023907 
-0.0070548 

0.031517 
0.0045742 

-0.0027490 
0.017123 

0.0028841 

Std. Error 
0.10127 

0.017029 
0.035336 

0.0070365 
0.0086143 
0.0036938 
0.0048098 
0.0048549 
0.0040060 
0.0040400 
0.0036955 
0.0042973 
0.0038639 
0.0052228 
0.0044391 
0.0035793 
0.0039297 

t-value 
3.130 
0.495 
2.131 
1.073 
2.082 

-1.159 
-1.748 
-0.734 

1.928 
0.413 

-0.647 
-1.642 

8.157 
0.876 

-0.619 
4.784 
0.734 

t-prob 
0.0025 
0.6224 
0.0364 
0.2869 
0.0408 
0.2503 
0.0846 
0.4652 
0.0576 
0.6806 
0.5197 
0.1049 
0.0000 
0.3840 
0.5376 
0.0000 
0.4653 

\sigma = 0.0070424 RSS = 0.003670062958 

URF Equation 2 for DLIP1 
Variable Coefficient Std. Error t-value 
DCPIl-1 -0.62072 0.47435 -1.309 
DLIP1-1 -0.45170 0.079762 -5.663 
DLMO-l -0.93208 0.16551 -5.632 
CI-1 -0.12808 0.032958 -3.886 
Constant -0.12400 0.040348 -3.073 
CSeason. 1 0.25594 0.017301 14.793 
CSeason_2 0.012519 0.022529 0.556 

t-prob 
0.1947 
0.0000 
0.0000 
0.0002 
0.0030 
0.0000 
0.5801 
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CSeason-3 0.040438 0.022740 1.778 0.0795 
CSeason_4 0.18413 0.018764 9.813 0.0000 
CSeason_5 0.14422 0.018923 7.622 0.0000 
CSeason-6 0.20181 0.017309 11.659 0.0000 
CSeason-7 0.15194 0.020128 7.549 0.0000 
CSeason_8 -0.045707 0.018098 -2.526 0.0137 
CSeason_9 0.079732 0.024463 3.259 0.0017 
CSeason_10 0.12746 0.020792 6.130 0.0000 
Dl 0.017031 0.016765 1.016 0.3130 
CSeason 0.066221 0.018406 3.598 0.0006 

\sigma = 0.0329857 RSS = 0.08051613979 

URF Equation 3 for DLMO 
Variable Coefficient Std. Error t-value t-prob 
DCPIl-l -0.020293 0.28623 -0.071 0.9437 
DLIP1-1 0.10330 0.048130 2.146 0.0351 
DLMO-l -0.32663 0.099871 -3.271 0.0016 
CI-1 0.055125 0.019887 2.772 0.0070 
Constant 0.079465 0.024347 3.264 0.0017 
CSeason, _1 -0.0026756 0.010440 -0.256 0.7984 
CSeason_2 -0.024576 0.013594 -1-808 0.0747 
CSeason_3 0.029560 0.013722 2.154 0.0345 
CSeason_4 -0.011242 0.011322 -0.993 0.3240 
CSeason, _5 -0.020212 0.011418 -1.770 0.0808 
CSeason_6 0.00043338 0.010445 0.041 0.9670 
CSeason_7 -0.029851 0.012146 -2.458 0.0163 
CSeason_8 -0.085305 0.010921 -7.811 0.0000 
CSeason_9 -0.018653 0.014761 -1.264 0.2103 
CSeason_10 -0.032554 0.012546 -2.595 0.0114 
Dl 0.025410 0.010116 2.512 0.0142 
CSeason -0.00066830 0.011106 -0.060 0.9522 

\sigma = 0.019904 RSS = 0.0293166568 

correlation of URF residuals 
DCPI1 DLIP1 

DCPI1 1.0000 
DLIP1 -0.15287 1.0000 
DLMO -0.24416 0.10403 

DLMO 

1.0000 

standard deviations of URP residuals 
DCPI1 DLIP1 DLMO 

0.0070424 0.032986 0.019904 

loglik = 1150.194 1091\0megal = -25.279 
loglY'Y/Tl = -22.1137 
R^2(LR) = 0.9578 R^2(LM) = 0.54846 

F-test on all regressors except unrestricted, 
variables entered unrestricted: 

CSeason_1 CSeason_2 CSeason_3 CSeason_4 
CSeason_7 CSeasork-8 CSeason_9 CSeason_10 

F-tests on retained regressors, F(3,72) 
DCPIl-1 3.60098 [0-01751 DLIPJ_1 

DLMO_l 12.7973 [0.0000] CI-1 
Constant 9.36193 [0.0000] 

I\Omegal = 1.05069e-Oll T= 91 

F(15,199) = 28.514 [0.0000) ** 

CSeason_5 CSeason_6 
Dl CSeason 

12.8782 [0.00001 
8.72079 [0.00011 

correlation of actual and fitted 
DCPIl DLIP1 DLMO 

0.84968 0.96038 0.79442 
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DCPIl : Portmanteau 10 lags= 10.425 
DLIP1 : Portmanteau 10 lags= 20.287 
DLMO : Portmanteau 10 lags= 14.585 
DCPI1 : AR 1- 6 F( 6, 68) = 0.83844 (0.5446] 
DLIP1 : AR 1- 6 F( 6, 68) = 0.67245 [0.67221 
DLMO : AR 1- 6 F( 6, 68) = 1.3971 [0.22861 
DCPIl Wormality Chi*" 2(2)= 3.9541 (0.1385) 
DLIP1 : Normality Chi" 2(2)= 2.8738 (0.23771 
DLMO : Normality Chi^ 2(2)= 2.0458 [0.3595] 
DCPIl : ARCH 6 F( 6, 62) = 0.53293 (0.78121 
DLIP1 : ARCH 6 F( 6, 62) = 0.65343 [0.68721 
DLMO : ARCH 6 F( 6, 62) = 0.55422 [0.76481 
DCPI1 : Xiý2 F( 8, 65) = 0.34801 [0.94341 
DLIP1 : XiA 2 F( 8, 65) = 0.51132 [0.8436] 
DLMO : Xiý2 F( 8, 65) = 1.6223 [0.13571 
DCPIl : Xi*Xj F(14, 59) = 0.51551 (0.91461 
DLIPI : Xi*Xj F(14, 59) = 0.74936 [0.71681 
DLMO : xi*xj F(14, 59) = 1.4132 [0.17591 
Vector portmanteau 10 l ags= 100.21 
Vector AR 1-6 F(54,161 )= 0.92119 [0.6288) 
Vector normality Chi'12( 6)= 8.6315 (0.19541 
Vector 

XiA 2 F(48,299 )= 0.6319 10.97241 
Vector Xi*Xj F(84,307 )= 0.62826 [0.994o] 
Hn. in7 loaded from c: \givewin\data\Hn. in7 

Algebra loaded from c: \givewin\data\hnl. alg 

FDCPIl [1991 (5) to 1998 (11)] saved to Hn. in7 
FDLIPl [1991 (5) to 1998 (11)] saved to Hn. in7 
FDLMO (1991 (5) to 1998 (11)] saved to Hn. in7 

Batch loaded from C: \GiveWin\data\Potayfinal. fl 

PO. in7 loaded from c: \givewin\data\Po. in7 

Algebra saved to C: \GiveWin\data\PO2. alg 

Batch loaded from C: \GiveWin\data\Hnvar. fl 

//Batch code for EQ(1): 
module("PcFiml"); 
loaddata("c: \givewin\data\Hn. in7*); 
system 

Y= CPI1, LIP1, LMO; 
Z= CPIl-1, CPIl-2, LIP1_1, LIP1-2, LMO_J, LMO_2, Trend; 
U= CSeason-5, CSeason, CSeason_6, CSeason_7, CSeason_8, CSeason_9, 

CSeason-1, CSeason. 10, Constant, CSeason. 3, CSeason_2, 
CSeason-4; 

estsystem("OLS", 1991,5,1998,11,0,58); 
testsummary; 
system 

Y= CPI1, LIP1, LMO; 
z= CPIl-1, CPIl-2, LIP1_1, LIP1-2, LMO_l, LMO-2, Trend; 
U= CSeason-5, CSeason, CSeason_6, CSeason_7, CSeason. 8, CSeason_9, 

CSeason_l, CSeason_10, Constant, CSeason-3, CSeason-2, 
CSeason_4, Dl; 
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estsystem("OLS', 1991,5,1998,11,0,58); 
testsu=nary; 

option(mshortrun", 1); 
estsystem("COINT", 1991,5,1998,11,0,58): 
dynamics; 
testcoint 

1 

option("cointmethod", 1); 

estsystem("RCOINT", 1991,5,1998,11); 
dynamics; 

testcoint 

1 
&3=0; &4=1; &5=-l; 

option("cointmethod", 1); 

estsystem(ORCOINTN, 1991,5,1995,2); 

testcoint 

1 
&3=0; &4=1; &5=-l; 

option("cointmethod", 1); 

estsystem(ORCOINTN, 1995,3,1998,11); 

testcoint 

1 
&3=0; &4=1; &5=-l; 

option("cointmethod', 1); 

estsystem("RCOINT", 1991,5,1998,11); 
dynamics; 
loadalgebra("c: \givewin\data\hnl. algm); 
system 

Y= DCP11, DLIP1, DLMO; 
Z= DCPIl-1, DLIP1-1, DLMO_l, Cl_l, Constant; 
U= CSeason, CSeason_l, CSeason_2, CSeason_3, CSeason_4, CSeason-5, 

CSeason_6, CSeason_7, CSeason_8, CSeason-9, CSeason_10, Dl; 
I= CI; 

estsystem(IOLS", 1991,5,1998,11,0,42); 
testsu=nary; 
store("fittedu); 
saveresults(9c: \givewin\results\hn. oute); 
savedata("c: \givewin\data\Hn. in7*); 
loadbatch(mc: \givewin\data\hntaylor. fll); 

SYS( 1) Estimating the unrestricted reduced form by OLS (using Hn. in7) 
The present sample is: 1991 (5) to 1998 (11) 
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URF Equation 
Variable 
CpIl-l 
CPIl-2 
LIP1-1 
LIP1-2 
LMO-1 
LMO-2 
Trend 
CSeason-5 
CSeason 
CSeason-6 
CSeason_7 
CSeason, 

-8 CSeason-9 
CSeason-I 
CSeason_10 
Constant 
CSeason_3 
CSeason. 2 
CSeason_4 

1f or CPll 
Coefficient 

1.1826 
-0.15186 
0.012822 

0.0041060 
0.066518 

-0.051624 
-0.00081670 

0.0028617 
0.0021388 

-0.0023279 
-0.0054130 

0.028986 
0.0063786 

-0.0038287 
0.0037378 

-0.25572 
-0.0082455 
-0.0061585 

0.0069839 

Std. Error 
0.11664 
0.12785 

0.023667 
0.021691 
0.042197 
0.042707 

0.0010064 
0.0048736 
0.0045675 
0.0043471 
0.0050776 
0.0049773 
0.0060942 
0.0045980 
0.0048957 

0.35203 
0.0054618 
0.0054424 
0.0050816 

t-value 
10.139 
-1.188 

0.542 
0.189 
1.576 

-1.209 
-0.812 

0.587 
0.468 

-0.536 
-1.066 

5.824 
1.047 

-0.833 
0.763 

-0.726 
-1.510 
-1.132 

1.374 

t-prob 
0.0000 
0.2388 
0.5897 
0.8504 
0.1193 
0.2307 
0.4197 
0.5589 
0.6410 
0.5939 
0.2900 
0.0000 
0.2988 
0.4078 
0.4477 
0.4699 
0.1355 
0.2616 
0.1736 

\sigma = 0.00800658 RSS = 0.004615587567 

URF Equation 
Variable 
CpIl-l 
CP11-2 
LIP1-1 
LIP1-2 
LMO-1 
LMO-ý2 
Trend 
CSeason_5 
CSeason 
CSeason_6 
CSeason_7 
CSeason_8 
CSeason_9 
CSeason_1 
CSeason_10 
Constant 
CSeason_3 
CSeason-2 
CSeason-4 

2 for LIP1 
Coefficient 

-0.69108 
0.19695 
0.24426 
0.32446 

-0.90640 
0.77066 

0.011947 
0.12749 

0.052089 
0.19704 
0.17082 

-0.019336 
0.071271 

0.23047 
0.12258 

4.5208 
0.028680 
0.017202 

0.15436 

Std. Error 
0.45252 
0.49603 

0.091820 
0.084156 

0.16371 
0.16569 

0.0039046 
0.018908 
0.017721 
0.016866 
0.019700 
0.019311 
0.023644 
0.017839 
0.018994 

1.3658 
0.021190 
0.021115 
0.019715 

t-value 
-1.527 

0.397 
2.660 
3.855 

-5.537 
4.651 
3.060 
6.743 
2.939 

11.683 
8.671 

-1.001 
3.014 

12.919 
6.454 
3.310 
1.353 
0.815 
7.829 

t-prob 
0.1311 
0.6925 
0.0096 
0.0002 
0.0000 
0.0000 
0.0031 
0.0000 
0.0044 
0.0000 
0.0000 
0.3200 
0.0036 
0.0000 
0.0000 
0.0015 
0.1801 
0.4180 
0.0000 

\sigma = 0.0310634 RSS = 0.06947516832 

URF Equation 
variable 
cpIl-l 
CP11_2 
LIP1-1 
LIP1_2 
LMO-1 
LMO-2 
Trend 
Cseason-5 
CSeason 
CSeason-6 
CSeason-7 

3 for LMO 
Coefficient 

-0.15546 
0.0085173 

0.084953 
-0.13822 

0.57271 
0.27552 

0.0042011 
-0.024137 

-0.0068917 
-0.00011699 

-0.018964 

Std. Error 
0.29857 
0.32728 

0.060582 
0.055526 

0.10802 
0.10932 

0.0025762 
0.012475 
0.011692 
0.011128 
0.012998 

t-value 
-0.521 

0.026 
1.402 

-2.489 
5.302 
2.520 
1.631 

-1.935 
-0.589 
-0.011 
-1 . 459 

t-prob 
0.6042 
0.9793 
0.1651 
0.0151 
0.0000 
0.0139 
0.1073 
0.0570 
0.5574 
0.9916 
0.1489 
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CSeason. 8 -0.075842 0.012741 -5.953 0.0000 
CSeason-9 -0.019791 0.015600 -1.269 0.2087 
CSeason-1 -0.011787 0.011770 -1.001 0.3200 
CSeason-10 -0.027266 0.012532 -2.176 0.0329 
Constant 1.6297 0.90114 1.808 0.0747 
CSeason-3 0.020599 0.013981 1.473 0.1450 
CSeason-2 -0.019440 0.013932 -1.395 0.1672 
CSeason-4 -0.022228 0.013008 -1.709 0.0918 

\sigma = 0.0204955 RSS = 0.03024459256 

correlation of URF residuals 
CpIl LIP1 LMO 

CP11 1.0000 
LIP1 -0.060772 1.0000 
LMO -0.062230 0.053355 1.0000 

standard deviations of URF residuals 
CpIl LIP1 LMO 

0.0080066 0.031063 0.020495 

loglik = 1141.4211 logl\Omegal = -25.0862 I\Omegal = 1.27412e-Oll T= 91 
logjY'Y/Tj = -13.1757 
RA2(LR) = 0.999993 R^2(LM) = 0.880723 

F-test on all regressors except unrestricted, F(21.201) = 597.93 [0.00001 
variables entered unrestricted: 

CSeason_5 CSeason CSeason_6 CSeason_7 CSeason_8 CSeason_9 
CSeason-l CSeason-10 Constant CSeason_3 CSeason_2 CSeason-4 

F-tests on retained regressors, F(3,70) 
CPIl-l 33.5942 (0.0000] CPIl-2 0.492872 [0.6884) 
LIP1-1 3.00713 [0.03601 LIP1-2 7.20021 [0.00031 

LMO-1 20.9223 [0.00001 LMO-2 8.89353 (0.00001 
Trend 3.82860 [0.01341 

correlation of actual and fitted 
CpI1 LIP1 LMO 

0.99986 0.98470 0.99805 

cpil : Portmanteau 10 lags= 
LIP1 : Portmanteau 10 lags= 
LMO : Portmanteau 10 lags= 
CpIl : AR 1- 6 F( 6, 66) = 
LIP1 : AR 1- 6 F( 6, 66) = 
LMO : AR 1- 6 F( 6, 66) = 
CPIl : Normality Chiý 2(2)= 
LIP1 : Normality Chi^ 2(2)= 
LMO : Normality Chi^ 2(2)= 
CPI1 : ARCH 6 F( 6, 60) = 
LIP1 : ARCH 6 F( 6, 60) = 
LMO : ARCH 6 F( 6, 60) = 
CPI1 : xi-2 F(14, 57) = 
LIP1 : Xi^2 F(14, 57) = 
LMO : XiA 2 F(14, 57) = 
CP11 : Xi*Xj F(35, 36) = 
LIP1 : Xi*Xj F(35, 36) = 
LMO : Xi*Xi F(35, 36) = 
Vector portmanteau 10 l ags= 
vector AR 1-6 F(54,155 )= 
Vector normality ChiA 2( 6)= 
Vector XiA 2 F(84,296 )= 

13.58 
17.751 
10.406 

1.1118 (0.36511 
1.272 (0.28231 

1.1259 10.35711 
24.213 10.00001 
1.0448 [0.59311 
3.6609 [0.16031 
0.1475 [0.98891 

0.38804 [0.8839) 
0.45595 [0.83791 

1.1231 (0.35881 
0.49607 [0.92583 
0.77866 (0.68701 

1.1737 [0.31731 
0.40231 [0.99591 
0.44511 (0.9908) 

102.64 
1.5646 [0-01781 
29.604 (0.0000] 

0.64416 (0-99121 
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Vector Xi*Xj F(210,192) = 0.58496 [0.9999) 

SYS( 2) Estimating the unrestricted reduced form by OLS 
The present sample is: 1991 (5) to 1998 (11) 

URF Equation 
Variable 
CPIl-l 
CPI1_2 
LIP1-1 
LIP1_2 
LMO-1 
LmO_2 
Trend 
CSeason_5 
CSeason 
CSeason_6 
CSeason, -7 CSeason-8 
CSeason-9 
CSeason-1 
CSeason. -10 Constant 
CSeason. 3 
CSeason. 2 
CSeason. 4 
Dl 

If or CPll 
Coefficient 

1.2810 
-0.24606 
0.020210 

-0.0059180 
0.071855 

-0.064149 
-0.00077800 

0.0023713 
0.0030244 

-0.0020026 
-0.0077335 

0.030505 
0.0059374 

-0.0038866 
-0.0022913 

-0.22987 
-0.0036885 
-0.0088730 

0.0079924 
0.016694 

Std. Error t-value 
0.10542 12.151 
0.11499 -2.140 

0.021004 0.962 
0.019319 -0.306 
0.037357 1.923 
0.037889 -1.693 

0.00089057 -0.874 
0.0043138 0.550 
0.0040462 0.747 
0.0038473 -0.521 
0.0045215 -1.710 
0.0044168 6.907 
0.0053935 1.101 
0.0040686 -0.955 
0.0045279 -0.506 

0.31156 -0.738 
0.0049344 -0.747 0.0048522 -1.829 
0.0045019 1.775 
0.0036468 4.578 

0.003563794391 

t-prob 
0.0000 
0.0358 
0.3392 
0.7602 
0.0584 
0.0948 
0.3853 
0.5842 
0.4573 
0.6043 
0.0916 
0.0000 
0.2747 
0.3427 
0.6144 
0.4631 
0.4572 
0.0717 
0.0801 
0.0000 

\sigma = 0.00708479 RSS = 

URF Equation 
Variable 
CpIl-l 
CP11_2 
LIP1_1 
LIPI_2 
LMO-1 
LMO_2 
Trend 
CSeason. 5 
CSeason 
CSeason_6 
CSeason. 7 
CSeason_8 
CSeasork-9 
CSeason_1 
CSeason-10 
Constant 
CSeason_3 
CSeason. 2 
CSeason_4 
Dl 

2 for LIP1 
Coefficient 

-0.58279 
0.093220 

0.25239 
0.31342 

-0.90052 
0.75687 

0.011990 
0.12695 

0.053064 
0.19740 
0.16826 

-0.017663 
0.070786 

0.23041 
0.11594 

4.5493 
0.033698 
0.014212 

0.15547 
0.018383 

Std. Error t-value 
0.46117 -1.264 
0.50302 0.185 

0.091883 2.747 
0.084510 3.709 

0.16342 -5.510 
0.16575 4.566 

0.0038959 3.078 
0.018871 6.727 
0.017701 2.998 
0.016830 11.729 
0.019780 8.507 
0.019321 -0.914 
0.023594 3.000 
0.017799 12.945 
0.019808 5.853 

1.3629 3.338 
0.021586 1.561 
0.021226 0.670 
0.019694 7.894 
0.015953 1.152 

t-prob 
0.2105 
0.8535 
0.0076 
0.0004 
0.0000 
0.0000 
0.0030 
0.0000 
0.0037 
0.0000 
0.0000 
0.3637 
0.0037 
0.0000 
0.0000 
0.0013 
0.1229 
0.5053 
0.0000 
0.2531 

\sigma = 0.0309929 RSS = 0.06819969272 

URF Equation 3 for LMO 
Variable Coefficient 
CPIl-l 0.0014132 
CPI1_2 -0.14176 
LIP1-1 0.096740 
LIP1-2 -0.15421 

Std. Error t-value t-prob 
0.29321 0.005 0.9962 
0.31981 -0.443 0.6589 

0.058418 1.656 0.1021 
0.053730 -2.870 0.0054 

(using tln. in7) 



240 

LMO-1 0.58122 0.10390 5.594 0.0000 
LmO-2 0.25554 0.10538 2.425 0.0179 
Trend 0.0042628 0.0024769 1.721 0.0896 
cSeason-5 -0.024919 0.011998 -2.077 0.0414 
CSeason -0.0054791 0.011254 -0.487 0.6279 
CSeason-6 0.00040195 0.010700 0.038 0.9701 
CSeason-7 -0.022666 0.012576 -1.802 0.0757 
cSeason-8 -0.073419 0.012284 -5.977 0.0000 
CSeason-9 -0.020495 0.015001 -1.366 0.1762 
CSeason-I -0.011880 0.011316 -1.050 0.2974 
CSeason-10 -0.036884 0.012593 -2.929 0.0046 
Constant 1.6709 0.86652 1.928 0.0578 
CSeason-3 0.027869 0.013724 2.031 0.0460 
CSeason_2 -0.023770 0.013495 -1.761 0.0825 
CSeason_4 -0.020619 0.012521 -1.647 0.1040 
Dl 0.026631 0.010143 2.626 0.0106 

\sigma = 0.0197049 RSS = 0.02756798612 

correlation of URF residuals 
CpIl LIP1 LMO 

CPII 1.0000 
LIP1 -0.14410 1.0000 
LMO -0.24346 0.013793 1.0000 

standard deviations of URF residuals 
cpI1 LIP1 LMO 

0.0070848 0.030993 0.019705 

loglik = 1161.5467 logl\Omegal = -25.5285 I\Omegal = 8.1868e-012 T= 91 
loglY'Y/Tl = -13.2198 
R^2(LR) = 0.999995 R^2(LM) = 0.880355 

F-test on all regressors except unrestricted, F(21,198) = 678.51 10.00001 
variables entered unrestricted: 

CSeason_5 CSeason CSeason-6 CSeason_7 CSeason-8 CSeason_9 
Cseason_l cseasork-10 Constant CSeason_3 CSeason_2 CSeason_4 

Dl 

F-tests on retained regressors, F(3,69) 
CPIl-l 50.9531 [0.00001 CPIl-2 1.81042 (0.15341 
LIP1_1 4.36843 [0.0071] LIP1_2 7.30055 10.00031 

LMO-1 22.4497 [0.0000] LMO_2 8.63858 10.00011 
Trend 3.98118 [0.01121 

correlation of actual and fitted 
CP11 LI P1 LMO 

0.99990 0.984 98 0.99822 

CpIl : Portmanteau 10 lags= 9.0963 
LIP1 : Portmanteau 10 lags= 18.187 
LMO : Portmanteau 10 lags= 18.249 
CPIl : AR 1- 6 F( 6, 65) = 0.71085 (0.64211 
LIP1 : AR 1- 6 F( 6, 65) = 1.2938 [0.27261 
LMO : AR 1- 6 F( 6, 65) = 1.6416 (0.14991 
CPI1 : Normality ChiA 2(2)= 3.694 (0.15771 
LIP1 : Normality Chi" 2(2)= 1.545 (0.46191 
LMO : Normality ChiA 2(2)= 1.1357 [0.56671 
CpIl : ARCH 6 F( 6, 59) = 0.58931 [0.7375) 
LIP1 : ARCH 6 F( 6, 59) = 0.26092 [0.95281 
LMO : ARCH 6 F( 6, 59) = 0.50182 [0.80453 
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CP11 : xi^2 F(14,56) = 
LIP1 : xi^2 F(14,56) = 
LMO : Xi^2 F(14,56) = 
CPI1 : xi*xj F(35,35) = 
LIP1 : Xi*Xi F(35,35) = 
LMO : xi*xj F(35,35) = 
Vector portmanteau 10 lags= 
Vector AR 1-6 F(54,152) = 
Vector normality Chi"2( 6)= 
Vector Xi^2 F(84,290) 
Vector Xi*xj F(210,186) 

1.3574 [0.20521 
0.56422 [0.88111 

1.0088 [0.45791 
1.0219 10.47461 

0.39836 (0.99611 
0.53005 10.96783 

96.421 
1.0874 (0.34051 
6.8419 (0.33571 

0.62664 [0-99403 
0.53891 [1.00001 

SYS( 3) Cointegration analysis 1991 (5) to 1998 (11) 

eigenvalue loglik for rank 
1136.09 0 

0.308992 1152.91 1 
0.152588 1160.44 2 

0.0240006 1161.55 3 

Ho: rank=p -Tlo g(l-\mu) using T-nm 95% -T\Sum log(. ) using T-ran 95% 
p == 0 33.63** 31.42** 25.5 50.91** 47.55* 42.4 

p <= 1 15.07 14.07 19.0 17.28 16.14 25.3 
p <= 2 2.211 2.065 12.3 2.211 2.065 12.3 

standardized \beta' eigenvectors 
CPI1 LIP1 LMO Trend 

1.0000 0.93740 0.14644 -0.023396 
1.5200 1.0000 1.3326 -0.043681 
1.9877 -0.044308 1.0000 -0.046284 

standardized \alpha coefficients 
CP11 0.020516 -0.0044667 0.010654 
LIP1 -0.39278 -0.065924 0.0017168 
LMO 0.067151 -0.12094 -0.011903 

long-run matrix Po=\alpha*\betal, rank 3 
cpIl LIP1 LMO Trend 

cpil 0.034903 0.014292 0.0077065 -0.00077800 
LIP1 -0.48957 -0.43419 -0.14365 0.011990 
LMO -0.14034 -0.057469 -0.16324 0.0042628 

Number of lags used in the analysis: 2 
Variables entered unrestricted: 

CSeason. 5 CSeason CSeason. 6 CSeason_7 CSeason_8 CSeason_9 
CSeason. 1 CSeason-10 Constant CSeason-3 CSeason-2 CSeason_4 

D1 
Variables entered restricted: 

Trend 

Dynamic analysis of the system 
Lag-1 multipliers 

Trend 
cpil -0.00044797 
LIP1 -0.00035925 
LMO 0.0036364 

Mean lag matrix 
cpil LIP1 LMO 

cpil -0.78885 -0.0083744 0.056442 



LIP1 0.39635 -0.87923 
LMO 0.28210 0.21168 

Long-run matrix \Pi(l)-I = Po 
cpll LIP1 

cpIl 0.034903 0.014292 
LIP1 -0.48957 -0.43419 
LMO -0.14034 -0.057469 

Long-run covariance 
CPII LIP1 

CPI1 0.16149 
LIP1 -0.15715 0.16134 
LMO -0.074369 0.064260 

Long-run multip liers 
Trend 

CPI1 0.019043 
LIP1 0.0033031 
LMO 0.0085791 

Static long run 
Trend (null) 

CP11 0.019043 8.7620 
LIP1 0.0033031 -8.0880 
LMO 0.0085791 -4.2920 

Standard errors of static long run 
Trend (null) 

CpIl 0.0044875 14.187 
LIP1 0.0044855 14.181 
LMO 0.0025701 8.1255 

Eigenvalues of \Pi(l)-I 
real complex modulus 

0.01791 0.0000 0.01791 
-0.4451 0.0000 0.4451 
-0.1353 0.0000 0.1353 

Eigenvalues of companion matrix 
real complex modulus 

-0.3954 0.3676 0.5398 
-0.3954 -0.3676 0.5398 

0.2520 0.0000 0.2520 
1.023 0.0000 1.023 

0.7477 0.0000 0.7477 
0.8823 0.0000 0.8823 

242 

-0.61322 
-1.0923 

LMO 
0.0077065 

-0.14365 
-0.16324 

LMO 

0.052971 

General cointegration. restrictions: 
unrestricted 
Analysis of restrictions on \alpha and \beta: 
- \alpha is unrestricted 
- \beta is unrestricted 
- the restrictions do not identify all cointegrating vectors 

SYS( 3) General cointegration test 1991 (5) to 1998 (11) 

\beta' 
cpil LIP1 LMO Trend 
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1.0000 0.93740 

\alpha 
cPI1 0.020516 
LIP1 -0.39278 
LMO 0.067151 

Standard errors of alpha 
cPI1 0.016724 
LIP1 0.072884 
LMO 0.049161 

0.14644 -0.023396 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
cpIl LIP1 LMO Trend 

cpIl 0.020516 0.019231 0.0030043 -0.00047998 
LIP1 -0.39278 -0.36819 -0.057518 0.0091894 
LMO 0.067151 0.062948 0.0098336 -0.0015711 

Reduced form \beta' 
LIP1 LMO Trend 

cpIl -0.93740 -0.14644 0.023396 

Standard errors of long-run matrix 
CPII 0.016724 0.015677 0.0024491 0.00039128 
LIP1 0.072884 0.068321 0.010673 0.0017052 
LMO 0.049161 0.046083 0.0071991 0.0011502 

Long-run matrix of first differences \Gamma 
0.75394 -0.0059180 -0.064149 

0.093220 1.3134 0.75687 
-0.14176 -0.15421 1.2555 

Moving average impact matrix 
CpIl 1.4558 0.082271 0.036458 
LIP1 -1.5863 -0.10908 -0.15343 
LMO 0.21282 0.13646 0.73316 

The restrictions do not identify all cointegrating vectors. 
loglik = 1152.908 -logl\Omegal = 25.338638 unrestr. loglik = 1152.908 
Zero degrees of freedom in LR-test, no binding restrictions imposed. 

General cointegration restrictions: 
&3 = 0; 
&4 = 1; 
&5 = -1; 

Analysis of restrictions on \alpha and \beta: 

- linear restrictions 
- \alpha x \beta restrictions are variation free 

- \alpha is unrestricted 
- \beta has only within-equation restrictions 
- \beta restrictions are homogenous when scaling removed 
- \beta equality restrictions rewritten 

SYS( 4) General cointegration test 1991 (5) to 1995 (2) 

\beta I 
cpil LIP1 LMO Trend 

0.00000 1.0000 -1.0000 0.0098830 
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Standard errors of beta' 
cpil LIP1 

0.00000 0.00000 

\alpha 
cpil 0.021871 
LIP1 -0.19457 
LMO 0.035391 

Standard errors of alpha 
cPI1 0.014428 
LIP1 0.051906 
LMO 0.046402 

LMO Trend 
0.00000 0.0015865 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
CpIl LIP1 LMO Trend 

CPI1 0.00000 0.021871 -0.021871 0.00021615 
LIP1 0.00000 -0.19457 0.19457 -0.0019229 
LMO 0.00000 0.035391 -0.035391 0.00034977 

Standard errors of long-run matrix 
CPI1 0.00000 0.014428 0.014428 0.00014259 
LIP1 0.00000 0.051906 0.051906 0.00051299 
LMO 0.00000 0.046402 0.046402 0.00045859 

Long-run matrix of first differences \Gamma 
0.76387 -0.038133 -0.10749 

0.046286 1.2416 0.84825 
-0.28514 -0.12090 1.3971 

Moving average impact mat rix 
CP11 1.2755 0.13087 -0.068760 
LIP1 0.21310 0.13168 0.59224 
LMO 0.21310 0.13168 0.59224 

Linear Switching (scaled analytical); result: Strong convergence 
(epsl=0.0001, eps2=0.005) 

loglik = 592.52585 -1091\Omegal = 25.761994 unrestr. loglik = 593.48231 
LR-test, rank=l: Chi^2(2) = 1.9129 [0.38431 

General cointegration, restrictions: 
&3 = 0; 
&4 = 1; 
&5 = -1; 

Analysis of restrictions on \alpha and \beta: 
- linear restrictions 
- \alpha x \beta restrictions are variation free 
- \alpha is unrestricted 
- \beta has only within-equation restrictions 
- \beta restrictions are homogenous when scaling removed 
- \beta equality restrictions rewritten 

SYS( 5) General cointegration test 1995 (3) to 1998 (11) 

\beta I 
cpil LIP1 LMO Trend 
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0.00000 1.0000 -1.0000 -0.0043337 

Standard errors of beta' 
cpIl LIP1 

0.00000 0.00000 

\alpha 
cPI1 0.029380 
LIP1 -0.16017 
LMO 0.028209 

Standard errors of alpha 
cPI1 0.0078021 
LIP1 0.060215 
LMO 0.043510 

LMO Trend 
0.00000 0.0015848 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
cpI1 LIP1 LMO Trend 

cpI1 0.00000 0.029380 -0.029380 -0.00012732 
LIP1 0.00000 -0.16017 0.16017 0.00069412 
LMO 0.00000 0.028209 -0.028209 -0.00012225 

Standard errors of long-run matrix 
cpIl 0.00000 0.0078021 0.0078021 3.3812e-005 
LIP1 0.00000 0.060215 0.060215 0.00026095 
LMO 0.00000 0.043510 0.043510 0.00018856 

Long-run matrix of first differences \Gamma 
0.91699 0.036881 0.014592 
-1.7646 1.3310 0.86722 
0.52816 -0.15074 1.0700 

Moving average impact matrix 
CpIl 1.9318 0.23594 -0.67239 
LIP1 -0.32145 0.095557 0.87737 
LMO -0.32145 0.095557 0.87737 

Linear switching (scaled analytical); result: Strong convergence 
(epsl=0.0001, eps2=0.005) 

loglik = 637.7854 -logl\Omegal = 28.346018 unrestr. loglik = 639.34004 
LR-test, rank=l: Chi^2(2) = 3.1093 (0.21131 

General cointegration restrictions: 
&3 = 0; 
&4 = 1; 
&5 = -1; 

Analysis of restrictions on \alpha and \beta: 
- linear restrictions 
- \alpha x \beta restrictions are variation free 
- \alpha is unrestricted 
- \beta has only within-equation restrictions 
- \beta restrictions are homogenous when scaling removed 
- \beta equality restrictions rewritten 

SYS( 6) General cointegration test 1991 (5) to 1998 (11) 

\beta ' 
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CPII LIP1 
0.00000 1.0000 

Standard errors of beta' 
CPII LIP1 

0.00000 0.00000 

\alpha 
CPII 0.0075498 
LIP1 -0.12808 
LMO 0.055126 

Standard errors of alpha 
CPII 0.0070365 
LIP1 0.032958 
LMO 0.019887 

LMO Trend 
-1.0000 0.0040196 

LMO Trend 
0.00000 0.00081477 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
cpIl LIP1 LMO Trend 

CPII 0.00000 0.0075498 -0.0075498 3.0347e-005 
LIP1 0.00000 -0.12808 0.12808 -0.00051482 
LMO 0.00000 0.055126 -0.055126 0.00022158 

Standard errors of long-run matrix 
cpIl 0.00000 0.0070365 0.0070365 2.8284e-005 
LIP1 0.00000 0.032958 0.032958 0.00013248 
LMO 0.00000 0.019887 0.019887 7.9940e-005 

Long-run matrix of first differences \Gamma 
0.75394 -0.0059180 -0.064149 

0.093220 1.3134 0.75687 

-0.14176 -0.15421 1.2555 

Moving average impact matrix 
CpIl 1.3122 0.062617 -0.034227 
LIP1 0.066934 0.21922 0.50016 
LMO 0.066934 0.21922 0.50016 

Linear Switching (scaled analytical); result: Strong convergence 
(epsl=0.0001, eps2=0.005) 

loglik = 1150.194 -logl\Omegal = 25.27899 unrestr. loglik = 1152.908 
LR-test, rank=l: Chi^2(2) = 5.4279 [0.0663] 

SYS( 8) Estimating the unrestricted reduced form by OLS (using Hn. in7) 
The present sample is: 1991 (5) to 1998 (11) 

URF Equation 1 for DCPIl 
Variable Coefficient Std. Error t-value t-prob 
DCPIl-1 0.31698 0.10127 3.130 0.0025 
DLIP1-1 0.0084213 0.017029 0.495 0.6224 
DLMO-1 0.075288 0.035336 2.131 0.0364 
CI-I 0.0075487 0.0070365 1.073 0.2869 
Constant 0.017935 0.0086143 2.082 0.0408 
CSeason-I -0.0042799 0.0036938 -1.159 0.2503 
CSeason_2 -0.0084090 0.0048098 -1.748 0.0846 
cseason-3 -0.0035642 0.0048549 -0.734 0.4652 
CSeason-4 0.0077254 0.0040060 1.928 0.0576 
CSeason-5 0.0016694 0.0040400 0.413 0.6806 
CSeason_6 -0.0023907 0.0036955 -0.647 0.5197 
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CSeason-7 -0.0070548 0.0042973 -1.642 0.1049 
CSeason_8 0.031517 0.0038639 8.157 0.0000 
CSeason-9 0.0045742 0.0052228 0.876 0.3840 
cSeason-10 -0.0027490 0.0044391 -0.619 0.5376 
Dl 0.017123 0.0035793 4.784 0.0000 
CSeascn 0.0028841 0.0039297 0.734 0.4653 

\Sigma = 0.0 070424 RSS = 0.003670062958 

URF Equation 
Variable 
DCPI1-1 
DLIP1-1 
DLMO-1 
CI-1 
Constant 
CSeasork_l 
CSeason-2 
CSeason-3 
CSeason_4 
CSeason-5 
CSeason_6 
CSeason. 7 
CSeason_8 
CSeason-9 
CSeason_10 
D1 
CSeason 

2 for DLIP1 
Coefficient 

-0.62072 
-0.45170 
-0.93208 
-0.12808 
-0.12400 

0.25594 
0.012519 
0.040438 

0.18413 
0.14422 
0.20181 
0.15194 

-0.045707 
0.079732 

0.12746 
0.017031 
0.066221 

Std. Error 
0.47435 

0.079762 
0.16551 

0.032958 
0.040348 
0.017301 
0.022529 
0.022740 
0.018764 
0.018923 
0.017309 
0.020128 
0.018098 
0.024463 
0.020792 
0.016765 
0.018406 

t-value 
-1.309 
-5.663 
-5.632 
-3.886 
-3.073 
14.793 

0.556 
1.778 
9.813 
7.622 

11.659 
7.549 

-2.526 
3.259 
6.130 
1.016 
3.598 

t-prob 
0.1947 
0.0000 
0.0000 
0.0002 
0.0030 
0.0000 
0.5801 
0.0795 
0.0000 
0.0000 
0.0000 
0.0000 
0.0137 
0.0017 
0.0000 
0.3130 
0.0006 

\sigma = 0.0329857 RSS = 0.08051613979 

URF Equation 
Variable 
DCPIl-1 
DLIP1-1 
DLMO_1 
CI-1 
Constant 
CSeason. 1 
CSeason. 2 
CSeason_3 
CSeason_4 
CSeason_5 
CSeason_6 
CSeason. 7 
CSeason. 

_8 
CSeason_9 
CSeason_10 
Dl 
CSeason 

3 for DLMO 
Coefficient 

-0.020293 
0.10330 

-0.32663 
0.055125 
0.079465 

-0.0026756 
-0.024576 

0.029560 
-0.011242 
-0.020212 

0.00043338 
-0.029851 
-0.085305 
-0.018653 
-0.032554 

0.025410 
-0.00066830 

Std. Error 
0.28623 

0.048130 
0.099871 
0.019887 
0.024347 
0.010440 
0.013594 
0.013722 
0.011322 
0.011418 
0.010445 
0.012146 
0.010921 
0.014761 
0.012546 
0.010116 
0.011106 

t-value 
-0.071 

2.146 
-3.271 

2.772 
3.264 

-0.256 
-1.808 

2.154 
-0.993 
-1.770 

0.041 
-2.458 
-7.811 
-1.264 
-2.595 
2.512 

-0.060 

t-prob 
0.9437 
0.0351 
0.0016 
0.0070 
0.0017 
0.7984 
0.0747 
0.0345 
0.3240 
0.0808 
0.9670 
0.0163 
0.0000 
0.2103 
0.0114 
0.0142 
0.9522 

\sigma = 0.019904 RSS = 0.0293166568 

correlation of URF residuals 
DCPII DLIP1 

DCPIl 1.0000 
DLIP1 -0.15287 1.0000 
DLMO -0.24416 0.10403 

DLMO 

1.0000 

standard deviations of URF residuals 
DCPI1 DLIP1 DLMO 
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0.0070424 0.032986 0.019904 

loglik = 1150.194 logl\Ornegal = -25.279 I\Omegal u 1.05069e-Oll Ta 91 
loglY'Y/Tl = -22.1137 
RA 2(LR) = 0.9578 RA2(LM) = 0.54846 

F-test on all regressors except unrestricted, F(15,199) a 28.514 (0.00001 
variables entered unrestricted: 

CSeason_l CSeason-2 CSeason_3 CSeason_4 CSeason-5 CSeason_6 
CSeason_7 CSeason. 8 CSeason_9 CSeason_10 D1 CSeason 

F-tests on retained regressors, F(3,72) 
DCPIl-l 3.60098 [0.01751 DLIP1_1 12.8782 (0.00001 

DLMO_l 12.7973 [0.00001 CI-1 8.72079 10.00011 
Constant 9.36193 (0.00001 

correlation of actual and fitted 
DCPIl DLIP1 DLMO 

0.84968 0.96038 0.79442 

DCPIl : Portmanteau 10 lags= 10.425 
DLIP1 : Portmanteau 10 lags= 20.287 
DLMO : Portmanteau 10 lags= 14.585 
DCPI1 : AR 1- 6 F( 6,68) = 0.83844 10.54461 
DLIP1 : AR 1- 6 F( 6,68) = 0.67245 [0.67221 
DLMO : AR 1- 6 F( 6,68) = 1.3971 [0.22861 
DCPIl : Normality ChiA2(2)= 3.9541 [0.13851 
DLIP1 : Normality ChiA2(2)= 2.8738 [0.2377] 
DLMO : Normality Chi^2(2)= 2.0458 [0.35951 
DCPI1 : ARCH 6 F( 6,62) = 0.53293 (0.78121 
DLIP1 : ARCH 6 F( 6,62) = 0.65343 [0.68721 
DLMO : ARCH 6 F( 6,62) = 0.55422 [0.76481 
DCPI1 : Xi-2 F( 8,65) = 0.34801 [0.94341 
DLIP1 : XiA2 F( 8,65) = 0.51132 [0.8436) 
DLMO : Xi^2 F( 8,65) = 1.6223 [0.13571 
DCPIl : Xi*Xj F(14,59) = 0.51551 [0.91461 
DLIP1 : Xi*Xj F(14,59) = 0.74936 [0.71681 
DLMO : Xi*Xj F(14,59) = 1.4132 [0.1759) 
Vector portmanteau 10 lags= 100.21 
Vector AR 1-6 F(54,161) = 0.92119 [0.62881 
Vector normality ChiA 2( 6)= 8.6315 [0.19541 
Vector XiA2 F(48,299) = 0.6319 [0.97241 
Vector Xi*Xj F(84,307) = 0.62826 [0.9940] 
Hn. in7 loaded from c: \givewin\data\Hn. in7 

Algebra loaded from c: \givewin\data\hnl. alg 

FDCPIl [1991 (5) to 1998 (11)] saved to Hn. in7 
FDLIPl [1991 (5) to 1998 (11)] saved to Hn. in7 
FDLMO (1991 (5) to 1998 (11)] saved to Hn. in7 
Batch file loaded from: C: \givewin\data\hntaylor. fl 

EQ( 1) Modelling DR3 by OLS (using Hn. in7) 
The present sample is: 1992 (5) to 1995 (2) 

variable Coefficient Std. Error t-value t-prob PartR-2 
Constant 3.6185 0.89068 4.063 0.0003 0.3549 
INFLGAP 0.64090 0.24581 2.607 0.0141 0.1847 
OUTGAP -1.8508 1.8044 -1.026 0.3132 0.0339 
FS1 -0.50476 0.11999 -4.207 0.0002 0.3710 
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RA2 = 0.399732 F(3,30) = 6.6592 10.00141 \sigma a 0.74080S DW a 1.88 
RSS = 16.46377046 for 4 variables and 34 observations 

AR 1- 3 F( 3, 27) = 
ARCH 3 F( 3, 24) = 
Normality Chi^2(2)= 
XJA 2 F( 6, 23) = 
Xi*Xi F( 9, 20) = 
RESET F( 1, 29) = 

0.19453 (0.89921 
0.37694 (0.77041 

2.5189 [0.28381 
0.20351 [0.97221 

0.1654 [0.99561 
0.81803 (0.37321 

EQ( 2) Modelling DR3 by OLS (using Hn. in7) 
The present sample is: 1995 (3) to 1998 (11) 

variable coefficient Std. Error t-value t-prob PartR^2 
Constant -3.3308 0.74480 -4.472 0.0001 0.3333 
INFLGAP 0.15925 0.21661 0.735 0.4665 0.0133 
OUTGAP -0.74642 0.85634 -0.872 0.3886 0.0186 
FS1 -0.36636 0.10431 -3.512 0.0011 0.2357 
BR1 0.94010 0.22674 4.146 0.0002 0.3006 

Rý2 = 0.310806 F(4,40) = 4.5097 (0.00421 \sigma u 0.378599 DW a 2.09 
RSS = 5.733484001 for 5 variables and 45 observations 

AR 1- 3 F( 3, 37) = 
ARCH 3 F( 3, 34) = 
Normality Chi-, 2(2)= 
Xi^2 F( 8, 31) = 
Xi*Xi F( 14, 25) = 
RESET F( 1, 39) = 

0.36674 (0.77741 
0.54821 (0.65281 

1.65 10.43821 
0.92848 [0.50721 
0.95148 [0.52351 
0.54139 (0.46631 
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APPENDIX D: ESTIMATION RESULTS FOR POLAND 

Batch loaded from c: \givewin\data\povar. fl 

module(*PcFiml"); 
loaddata(Ic: \givewin\data\Po. in7m); 

system 

Y= CPI1, LMO, LIP2; 
Z= CPIl-1, CPIl-2, CPIl-3, LMO-1, LMO-2, LMO-3, LIP2-1, LIP2-2, 

LIP2-3, Trend; 
U= Constant, CSeason, CSeason_l, CSeason-2, CSeason-3, CSeason_4, 

CSeason-5, CSeason-6, CSeason, 
_7, CSeason_S, CSeason_9, 

CSeason_10; 

estsystem("OLS", 1990,6,1999,2,0,69); 
testsummary; 
system 

y= CPI1, LMO, LIP2; 
z= CPIl-1, CPIl-2, CP11-3, LMO-1, LMO-2, LMO-3, LIP2-1, LIP2-2, 

LIP2_3, Trend; 
U= Constant, CSeason, CSeason_l, CSeason_2, CSeason_3, CSeason-4, 

CSeason_5, CSeason-6, CSeasork_7, CSeason_8, CSeason_9, 
CSeason-10, D, Dl; 

estsystem(*OLS", 1990,6,1999,2,0,69); 
testsummary; 
option(Oshortrun", 
estsystem("COINT", 
dynamics; 
testcoint 

1) ; 
1990,6,1999,2,0,69); 

option("cointmethod", 1); 
estsystem("RCOINT', 1990,6,1999,2); 

testcoint 

&3=0; &4=52.24; &5=-241.05; 

option("cointmethod", 1); 
estsystem("RCOINT", 1990,6,1999,2); 
dynamics; 
loadalgebra("c: \givewin\data\Pol. alg"); 
system 

Y= DCPI1, DLIP2, DLMO; 
Z= DCPII-l, DLIP2_1, DLMO_l, Cj_l, Constant; 
U= CSeason, CSeason_l, CSeason_2, CSeason-3, CSeason-4, CSeason_5, 

CSeason-6, CSeason. 7, CSeason_8* CSeason_9, CSeason_10, D, Dl; 
CI; 

estsystem(ROLS", 1990,6,1999,2,0,69); 
testsu, marY; 
store(Nfitted"); 
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saveresults(mc: \givewin\results\PO. Out*); 
savedata(mc: \givewin\data\PO. in7l); 
loadbatch("c: \givewin\data\potaylor. flo); 

SYS( 9) Estimating the unrestricted reduced form by OLS 
The present sample is: 1990 (6) to 1999 (2) 

URF Equation 
Variable 
CpIl-1 
CPIl-2 
CPIl-3 
LMO-1 
LMO-2 
LMO-3 
LIP2-1 
LIP2_2 
LIP2-3 
Trend 
Constant 
CSeason 
CSeason-I 
CSeason-2 
CSeason-3 
CSeason_4 
CSeason-5 
CSeason. 6 
CSeason-7 
CSeason. 8 
CSeason-9 
CSeasoný_10 

1 for CPll 
Coefficient 

1.1311 
-0.42320 

0.29679 
-0.018785 

0.012513 
0.023333 

-0.023751 
0.095685 

0.0049509 
-0.0013811 

-0.43333 
0.020020 

-0.0042368 
-0.0011233 
-0.0019782 
-0.0080080 
-0.0074536 

-0.018599 
-0.014967 
0.0011242 

-0.0068552 
2.196le-006 

Std. Error 
0.10654 
0.15517 
0.10336 

0.032467 
0.033250 
0.031872 
0.044249 
0.051712 
0.043330 

0.00048666 
0.19804 

0.0048700 
0.0053269 
0.0055317 
0.0051275 
0.0049925 
0.0049111 
0.0049662 
0.0050626 
0.0052423 
0.0050692 
0.0048933 

t-value 
10.617 
-2.727 

2.872 
-0.579 

0.376 
0.732 

-0.537 
1.850 
0.114 

-2.838 
-2.188 

4.111 
-0.795 
-0.203 
-0.386 
-1.604 
-1.518 
-3.745 
-2.956 

0.214 
-1.352 

0.000 

t-prob 
0.0000 
0.0078 
0.0052 
0.5644 
0.7076 
0.4662 
0.5929 
0.0678 
0.9093 
0.0057 
0.0315 
0.0001 
0.4287 
0.8396 
0.7006 
0.1125 
0.1329 
0.0003 
0.0041 
0.8307 
0.1799 
0.9996 

\sigma = 0.0100326 RSS = 0.008354153711 

URF Equation 
Variable 
CPIl-1 
CPIl-2 
CPIl-3 
LMO-1 
LmO-2 
LmO-3 
LIP2-1 
LIP2-2 
LIP2-3 
Trend 
Constant 

CSeason 
Cseason-l 
aeason-ý2 
cseason-3 
cseason-4 
CSeason-5 
CSeason-6 
CSeason_7 
cseason-B 
cseason-9 
CSeason-10 

2 for LMO 
Coefficient 

-0.41728 
0.23393 
0.16594 
0.38307 
0.24950 
0.16797 
0.21333 
0.16825 

-0.23755 
0.0030100 

1.2453 
-0.026247 
-0.015714 

0.020563 
0.0038487 
0.0081273 

0.014232 
0.0032306 
-0.011148 

-0.0094163 
0.013494 

-0.014018 

Std. Error 
0.36021 
0.52461 
0.34943 
0.10977 
0.11241 
0.10776 
0.14960 
0.17483 
0.14649 

0.0016453 
0.66954 

0.016465 
0.018009 
0.018702 
0.017336 
0.016879 
0.016604 
0.016790 
0.017116 
0.017723 
0.017138 
0.016543 

t-value 
-1.158 

0.446 
0.475 
3.490 
2.219 
1. S59 
1.426 
0.962 

-1.622 
1.829 
1.860 

-1. S94 
-0.873 

1.100 
0.222 
0.481 
0.857 
0.192 

-0.651 
-0-531 

0.787 
-0.847 

t-prob 
0.2500 
0.6568 
0.6361 
0.0008 
0.0292 
0.1228 
0.1576 
0.3387 
0.1087 
0.0709 
0.0664 
0.1147 
0.3854 
0.2747 
0.8248 
0.6314 
0.3938 
0.8479 
0.5166 
0.5966 
0.4333 
0.3992 

(using MAO) 

\sigma = 0.0339188 RSS = 0.09549035848 
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URF Equation 3 for LIP2 
Variable Coefficient Std. Error t-value t-prob 
CP11-1 0.044614 0.26905 0.166 0.8687 
CPI1-2 -0.087315 0.39185 -0.223 0.8242 
cpil-3 0.067646 0.26100 0.259 0.7961 
LMO-1 0.064189 0.081987 0.783 0.4359 
LmO-2 -0.071621 0.083964 -0.853 0.3961 
LmO-3 -0.092546 0.080487 -1.150 0.2535 
LIP2-1 0.67561 0.11174 6.046 0.0000 
LIP2-2 0.28022 0.13059 2.146 0.0348 
LIP2-3 -0.060441 0.10942 -0.552 0.5822 
Trend 0.0022718 0.0012290 1.849 0.0681 
Constant 1.1701 0.50010 2.340 0.0217 
CSeason -0.010077 0.012298 -0.819 0.4149 
CSeason-1 -0.010882 0.013452 -0.809 0.4208 
cSeason-2 -0.0041676 0.013969 -0.298 0.7662 
CSeason-3 -0.0076070 0.012948 -0.587 0.5585 
CSeason-4 -0.025465 0.012608 -2.020 0.0466 
CSeason-5 -0.0062978 0.012402 -0.508 0.6129 
CSeason-6 -0.0043719 0.012541 -0.349 0.7283 
CSeason_7 -0.011599 0.012785 -0.907 0.3669 
CSeason-8 -0.0094808 0.013238 -0.716 0.4759 
CSeason-9 -0.0062494 0.012801 -0.488 0.6267 
cseason-10 -0.0089107 0.012357 -0.721 0.4729 

\sigma = 0.025335 RSS = 0.05327468341 

correlation of URF residuals 
CpIl LMO 

CP11 1.0000 
LMO -0.16575 1.0000 
LIP2 0.077880 0.23578 

standard deviations of URF residuals 
cpI1 LMO LIP2 

0.010033 0.033919 0.025335 

loglik = 1266.718 logj\Omegaj = -24.128 
logjY'Y/Tj = -9.93842 
RA 2(LR) = 0.999999 R^2(LM) = 0.946661 

LIP2 

1.0000 

I\Omegal - 3.3216ge-Oll Ta 105 

F-test on all regressors except unrestricted, F(30,238) a 991.44 (0.00001 *1 
variables entered unrestricted: 

Constant CSeason CSeasork_l CSeason-2 CSeason-3 CSeason-4 
CSeason-5 CSeason-6 CSeason_7 CSeason_8 CSeason_9 CSeason_10 

F-tests on retained regressors, F(3,81) 
CpIl-l 37.0186 [0.0000] CPI1-2 2.41973 10.07211 
CPIl-3 2.99989 10.03531 LMO-1 3.96254 10.01091 

LMO-2 2.53897 [0.06231 LMO-3 2.05499 [0.11271 
LIP2-1 12.2363 [0.00001 LIP2-2 2.63603 (0.05531 
LIP2-3 0.871378 [0.45951 Trend 4.27457 10.00751 

correlation of actual and fitted 
CPII LMO LIP2 

0.99991 0.99881 0.99347 

CP11 : Portmanteau 12 lags= 6.9671 
LMO : Portmanteau 12 lags= 27.778 
LIP2 : Portmanteau 12 lags= 12.935 
CpIl : AR 1- 7 F( 7,76) = 0.78654 [0.60071 
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LMO : AR 1- 7 F( 7, 76) = 
LIP2 : AR 1- 7 F( 7, 76) = 
CP11 wormal ity Chi^ 2(2)= 
LMO : Normal ity Chi*"- 2(2)= 
LIP2 : Normal ity Chi^ 2(2)= 
CpIl : ARCH 7 F( 7, 69) = 
LMO : ARCH 7 F( 7, 69) = 
LIP2 : ARCH 7 F( 7, 69) = 
CpIl : XiA 2 F(20, 62) = 
LMO : Xi^2 F(20, 62) = 
LIP2 : Xi^2 F(20, 62) = 
CP11 : Xi*Xj F(65, 17) = 
LMO : Xi*Xj F(65, 17) = 
LIP2 : Xi*Xj F(65, 17) = 
vector portmant eau 12 l ags= 
vector AR 1-7 F(63,179 )= 
Vector normality ChiA 2( 6)= 
Vector Xi^2 F(120,33 6) = 
Vector Xi*Xj F(390,8 0) = 

1.9389 
0.60066 

32.116 
0.66407 
0.29346 
0.72884 

1.3712 
0.62291 
0.72863 
0.78429 
0.91794 
0.61404 
0.46032 
0.50614 

122.71 

(0.07491 
(0.75351 
10.00001 
(0.71751 
(0.8635) 
[0.64811 
[0.23151 
[0.73521 
(0.7818) 
[0.72141 
[0.5674) 
[0.9177) 
[0.98671 
[0.97381 

1.3727 (0.05531 
34.95 (0.00001 

0.95985 (0.59771 
0.45752 (1.00001 

SYS(10) Estimating the unrestricted reduced form by OLS 
The present sample is: 1990 (6) to 1999 (2) 

URF Equation 
Variable 
CpIl-1 
CPII-2 
CPII-3 
LMO-1 
LMO-2 
LMO_3 
LIP2-1 
LIP2-2 
LIP2-3 
Trend 
Constant 
CSeason 
CSeason-l 
CSeason-2 
CSeason-3 
CSeason_4 
CSeason-5 
CSeason-6 
CSeason_7 
CSeason-B 
CSeason-9 
CSeason-10 
D 
Dl 

1 for CPIl 
Coefficient 

1.2852 
-0.56707 

0.28592 
-0.0045240 

-0.030804 
0.031048 

-0.032057 
0.091573 

0.0018518 
-0.00075971 

-0.19268 
0.018448 

-0.0049222 
0.00042632 
0.00028650 
-0.0049295 
-0.0051643 

-0.012931 
-0.0067484 

0.0083201 
-0.0072014 

0.0020783 
0.027349 
0.029812 

Std. Error 
0.073706 

0.10562 
0.070155 
0.021998 
0.022881 
0.021590 
0.030007 
0.034896 
0.029265 

0.00033794 
0.13778 

0.0032879 
0.0036263 
0.0037755 
0.0034740 
0.0033860 
0.0033299 
0.0034219 
0.0035294 
0.0036138 
0.0034398 
0.0033204 
0.0037735 
0.0044102 

t-value 
17.436 
-5.369 

4.076 
-0.206 
-1.346 

1.438 
-1.068 

2.624 
0.063 

-2.248 
-1.398 

5.611 
-1.357 

0.113 
0.082 

-1.456 
-1.551 
-3.779 
-1.912 

2.302 
-2.094 

0.626 
7.248 
6.760 

t-prob 
0.0000 
0.0000 
0.0001 
0.8376 
0.1820 
0.1543 
0.2886 
0.0104 
0.9497 
0.0273 
0.1658 
0.0000 
0.1784 
0.9104 
0.9345 
0.1493 
0.1248 
0.0003 
0.0594 
0.0239 
0.0394 
0.5331 
0.0000 
0.0000 

\sigma = 0.00676519 RSS = 0.003707189289 

LTRF Equation 

variable 
cpIl-1 
cpil-2 
cpil-3 
LMO-1 
LmO-2 
LmO-3 
LIP2-1 

2 for LMO 
Coefficient 

-0.55284 
0.34884 
0.18708 
0.37388 
0.28733 
0.15872 
0.22486 

Std. Error 
0.36771 
0.52692 
0.34999 
0.10975 
0.11415 
0.10771 
0.14970 

t-value 
-1-503 

0.662 
0.535 
3.407 
2.517 
1.474 
1.502 

t-prob 
0.1366 
0.5098 
0.5944 
0.0010 
0.0138 
0.1445 
0.1370 

(using PO. in7) 
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LIP2-2 0.16966 0.17409 0.975 0.3327 
LIP2-3 -0.23253 0.14600 -1.593 0.1151 
Trend 0.0024210 0.0016859 1.436 0.1548 
Constant 1.0112 0.68735 1.471 0.1451 
CSeason -0.024905 0.016403 -1.518 0.1328 
CSeason-1 -0.014394 0.018091 -0.796 0.4286 
CSeason. 2 0.020161 0.018835 1.070 0.2876 
CSeason-3 0.0023799 0.017331 0.137 0.8911 
CSeason_4 0.0059049 0.016892 0.350 0.7276 
CSeason-5 0.012763 0.016612 0.768 0.4445 
CSeason_6 -0.00076126 0.017071 -0.045 0.9645 
CSeason_7 -0.017309 0.017607 -0.983 0.3285 
CSeason_8 -0.015664 0.018028 -0.869 0.3875 
CSeason-9 0.014366 0.017160 0.837 0.4050 
CSeason-10 -0.015243 0.016565 -0.920 0.3602 
D -0.018360 0.018825 -0.975 0.3323 
Dl -0.029449 0.022002 -1.338 0.1845 

\sigma = 0.0337503 RSS = 0.09226554667 

URF Equation 
Variable 
CpIl-l 
CPJJý2 
CPIl-3 
LMO-1 
LMO_2 
LMO-3 
LIP2-1 
LIP2-2 
LIP2-3 
Trend 
Constant 
CSeason 
CSeason_1 
CSeason_2 
CSeason_3 
CSeason-4 
CSeason. 5 
CSeason-6 
CSeason_7 
CSeason-8 
CSeason-9 
CSeasork. 

-10 
D 
Dl 

3 for LIP2 
Coefficient 

-0.0051193 
-0.092519 

0.12223 
0.074429 

-0.058898 
-0.10593 

0.69693 
0.27180 

-0.049311 
0.0018850 

0.99369 
-0.0097476 
-0.0074975 

-0.00042301 
-0.0060245 

-0.024311 
-0.0046265 
-0.0018035 
-0.0095228 

-0.011431 
-0.0036334 
-0.0069254 

0.016364 
-0.023823 

Std. Error 
0.27377 
0.39231 
0.26058 

0.081710 
0.084987 
0.080195 

0.11146 
0.12962 
0.10870 

0.0012552 
0.51176 

0.012212 
0.013469 
0.014024 
0.012904 
0.012577 
0.012369 
0.012710 
0.013109 
0.013423 
0.012776 
0.012333 
0.014016 
0.016381 

t-value 
-0.019 
-0.236 

0.469 
0.911 

-0.693 
-1.321 

6.253 
2.097 

-0.454 
1.502 
1.942 

-0.798 
-0.557 
-0.030 
-0.467 
-1.933 
-0.374 
-0.142 
-0.726 
-0.852 
-0.284 
-0.562 

1.168 
-1.454 

\sigma = 0.0251284 RSS = 0.05114630105 

correlation of URF residuals 
CpIl LMO 

CpIl 1.0000 

LMO -0.047372 1.0000 
LIP2 0.13731 0.23488 

standard deviations of URF residuals 
cpIl LMO LIP2 

0.0067652 0.033750 0.025128 

loglik = 1312.4031 logl\omegal = -24.9982 
loglY'Y/Tl = -10.0287 

LIP2 

1.0000 

t-prob 
0.9851 
0.8142 
0.6403 
0.3651 
0.4903 
0.1903 
0.0000 
0.0391 
0.6513 
0.1371 
0.0556 
0.4271 
0.5793 
0.9760 
0.6418 
0.0567 
0.7093 
0.8875 
0.4697 
0.3970 
0.7768 
0.5760 
0.2464 
0.1497 

I\Omegal = 1.39136e-Oll Ta 105 
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R-2(LR) =1RA 2(LM) = 0.950033 

F-test on all regressors except unrestricted, F(30,232) m 1263.7 (0.00001 
variables entered unrestricted: 

Constant CSeason CSeason_1 CSeason_2 CSeason-3 CSeason_4 
CSeason_5 CSeason-6 CSeason-7 CSeason-8 CSeason_9 CSeason_10 

D Dl 

F-tests on retained regressors, F(3,79) 
CPIl-l 100.772 [0.00001 ** CPI1-2 9.48254 10.00001 ** 
CPIl-3 5.59740 [0.00161 ** LMO-1 3.77880 10.01371 * 

LMO-2 2.97808 [0.03651 * LMO-3 2.70699 10.05081 
LIP2-1 13.9462 [0.00001 LIP2-2 3.39438 (0.02191 
LIP2-3 0.826869 [0.48301 Trend 2.99990 (0.03551 

correlation of actual and fitted 
CpIl LMO LIP2 

0.99996 0.998 85 0.99373 

CPI1 : Portmanteau 12 lags= 17.272 
LMO : Portmanteau 12 lags= 26.587 
LIP2 : Portma nteau 12 lags= 10.756 
CPI1 : AR 1- 7 F( 7, 74) = 0.7638 [0.61931 
LMO : AR, 1- 7 F( 7, 74) = 2.1961 [0.04411 
LIP2 : AR 1- 7 F( 7, 74) = 1.2636 [0.28011 
CPI1 : Normal ity Chi- 2(2)= 5.4089 [0.06691 
LMO : Normal ity Chi^ 2(2)= 1.1629 (0.55911 
LIP2 : Normal ity Chi^ 2(2)= 0.14041 [0.93221 
CP11 : ARCH 7 F( 7, 67) = 0.21328 [0.98121 
LMO : ARCH 7 F( 7, 67) = 1.1347 [0.35231 
LIP2 : ARCH 7 F( 7, 67) = 1.111 [0.36671 
CP11 : xi-2 F(20, 60) = 0.63856 [0.86681 
LMO : XiA 2 F(20, 60) = 0.73252 [0.77721 
LIP2 : Xi^2 F(20, 60) = 0.97937 [0.49821 
CPI1 : Xi*Xj F(65, 15) = 0.38092 (0.99621 
LMO : Xi*Xi F(65, 15) = 0.41755 [0.99201 
LIP2 : Xi*Xi F(65, 15) = 0.47091 [0-98071 
Vector portmant eau 12 l ags= 110.21 
Vector AR 1-7 F(63,173 )= 1.1292 (0.26751 
Vector normality Chi^2( 6)= 6.2154 [0.39951 
Vector Xi^2 F(120,32 5) = 0.96383 (0.58691 
Vector Xi*Xj F(390,6 9) = 0.41542 [1.0000) 

SYS(11) Cointegration analysis 1990 (6) to 1999 (2) 

eigenvalue loglik for rank 
1256.22 0 

0.548101 1297.92 1 
0.159753 1307.06 2 

0.0967949 1312.40 3 

Ho: rank=p -Tlo g(l-\Mu) using T-mn 95% -T\Sum log(. ) using T-mn 95% 
p == 0 83.4** 76.25** 25.5 112.4** 102.7** 42.4 
p <= 1 18.28 16.71 19.0 28.97* 26.48* 25.3 
p <= 2 10.69 9.773 12.3 10.69 9.773 12.3 

standardized \beta' eigenvectors 
cpIl LMO LIP2 Trend 

1.0000 52.240 -241.05 1.6609 
0.31692 1.0000 -0.17970 -0.029678 

-0.30827 1.5860 1.0000 -0-032747 
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standardized \alpha coefficients 
CPI1 -0.00026964 0.012113 -0.0014540 
LMO -0.00075398 -0-085098 -0.035048 
LIP2 4.857le-005 0.012683 -0-066593 

long-run matrix Po=\alpha*\betal, rank 3 
cpil LMO LIP2 Trend 

cpll 0.0040174 -0.0042795 0.061368 -0.00075971 
LMO -0.016919 -0.18007 0.16199 0.0024210 
LIP2 0.024596 -0.090396 -0.080580 0.0018850 

Number of lags used in the analysis: 3 
Variables entered unrestricted: 

Constant CSeason CSeason. 1 CSeason_2 CSeason-3 CSeason-4 
CSeason-5 CSeason, 

-6 
CSeason_7 CSeason-8 CSeason-9 CSeason_10 

D D1 
Variables entered restricted: 

Trend 

Dynamic analysis of the system 
Lag-l multipliers 

Trend 
cpil -0.0010477 
LMO 0.0017490 
LIP2 0.0014978 

Mean lag matrix 
cpIl LMO LIP2 

cpil -1.0088 -0.027013 -0.15665 
LMO -0.70608 -1-4247 0.13340 
LIP2 -0.17655 0.36115 -1.0926 

Long-run matrix \Pi(l)-l = Po 
cpIl LMO LIP2 

cpIl 0.0040174 -0.0042795 0.061368 
LMO -0.016919 -0.18007 0.16199 
LIP2 0.024596 -0-090396 -0-080580 

Long-run covariance 
cPIl LMO LIP2 

CPI1 0.62815 
LMO 0.014318 0.031813 
LIP2 0.016541 0.0047492 0.0079335 

Long-run multipliers 
Trend 

CPIl 0.035817 
LMO 0.020386 
LIP2 0.011456 

Static long run 
Trend (null) 

CPII 0.035817 -0.59200 
LMO 0.020386 0.061096 
LIP2 0.011456 -0-19030 

Standard errors of static long run 
Trend (null) 

CP11 0.017697 0.70507 
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LMO 0.0039827 0.15867 
LIP2 0.0019888 0.079238 

Eigenvalues of \Pi(l)-I 

real complex modulus 
0.01536 0.0000 0.01536 
-0.1360 0.1105 0.1752 
-0.1360 -0.1105 0.1752 

Eigenvalues of companion matrix 

real complex modulus 
-0.2863 0.4443 0.5286 
-0.2863 -0.4443 0.5286 

0.1084 0.4818 0.4939 
0.1084 -0.4818 0.4939 
0.3856 0.0000 0.3856 

1.016 0.0000 1.016 
0.8892 0.07042 0.8920 
0.8892 -0.07042 0.8920 

-0.4684 0.0000 0.4684 

General cointegration restrictions: 
unrestricted 
Analysis of restrictions on \alpha and \beta: 

- \alpha is unrestricted 
- \beta. is unrestricted 
- the restrictions do not identify all cointegrating vectors 

SYS(11) General cointegration test 1990 (6) to 1999 (2) 

\beta ' 
cpil LMO LIP2 Trend 

1.0000 52.240 -241.05 1.6609 

\alpha 
cPI1 -0.00026964 
LMO -0.00075398 
LIP2 4.857le-005 

Standard errors of alpha 
cPI1 3.381le-005 
LMO 0.00017458 
LIP2 0.00012834 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
cpil LMO LIP2 Trend 

cpil -0.00026964 -0.014086 0.064999 -0.00044784 
LMO -0.00075398 -0-039388 0.18175 -0-0012523 
LIP2 4.857le-005 0.0025373 -0-011708 8.0669e-005 

Reduced fom \beta, 
LMO LIP2 Trend 

CpIl -52.240 241.05 -1.6609 

Standard errors of long-run matrix 
CPII 3.381le-005 0.0017663 0.0081504 5.6156e-005 
LMO 0.00017458 0.0091201 0.042084 0.00028996 
LIP2 0.00012834 0.0067046 0.030938 0.00021316 
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Long-run matrix of first differences \Gamma 
1.0048 0.031293 0.095277 

0.72300 1.6048 -0.29540 
0.15195 -0.27075 1.1732 

moving average impact matrix 
CpIl 0.50677 0.015662 3.0565 
LMO -1.2452 0.74003 4.5751 
LIP2 -0.26774 0.16044 1.0042 

The restrictions do not identify all cointegrating vectors. 
loglik = 1297.9202 -logl\Omegal = 24.72229 unrestr. loglik a 1297.9202 
Zero degrees of freedom in LR-test, no binding restrictions imposed. 

General cointegration restrictions: 
&3 = 0; 
&4 = 52.24; 
&5 = -241.05; 

Analysis of restrictions on \alpha and \beta: 
- linear restrictions 
- \alpha x \beta restrictions are variation free 
- \alpha is unrestricted 
- \beta has only within-equation restrictions 
- \beta restrictions are homogenous when scaling removed 
- \beta equality restrictions rewritten 

SYS(12) General cointegration test 1990 (6) to 1999 (2) 

\beta ' 
cpil LMO LIP2 Trend 

0.00000 52.240 -241.05 1.6768 

Standard errors of beta, 
cPI1I LMO LIP2 Trend 

0.00000 0.00000 0.00000 0.11770 

\alpha 
cPI1 -0.00027098 
LMO -0.00075696 
LIP2 4.7992e-005 

Standard errors of alpha 
CPI1 3.3748e-005 
LMO 0.00017434 
LIP2 0.00012815 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
CpIl LMO LIP2 Trend 

CpIl 0.00000 -0-014156 0.065319 -0-00045438 
LMO 0.00000 -0.039544 0.18247 -0-0012693 
LIP2 0.00000 0.0025071 -0-011569 8.0475e-005 

Standard errors of long-run matrix 
CpIl 0.00000 0.0017630 0.0081351 5.659le-005 
LMO 0.00000 0.0091077 0.042025 0.00029235 
LIP2 0.00000 0.0066947 0.030891 0.00021489 

Long-run matrix of first differences \Gamma 
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1.0048 0.031293 0.095277 
0.72300 1.6048 -0.29540 
0.15195 -0.27075 1.1732 

Moving average impact matrix 
CPIl 0.50938 0.016403 3.1348 
LMO -1.2410 0.74100 4.6804 
LIP2 -0.26895 0.16059 1.0143 

Linear Switching (scaled analytical); result: Strong convergence 
(epsl=0.0001, eps2=0.005) 

loglik = 1297.9187 -logl\omegal = 24.722261 unrestr. loglik a 1297.9202 
LR-test, rank=l: Chi^2(2) = 0.003044 (0.9985) 

SYS(14) Estimating the unrestricted reduced form by OLS (using PO. in7) 
The present sample is: 1990 (6) to 1999 (2) 

URF Equation 
Variable 
DCP11-1 
DLIP2-1 
DLMO-l 
CI-1 
Constant 
CSeason-l 
CSeasori. -2 CSeason-3 
CSeason-4 
CSeason-5 
CSeason_6 
CSeason-7 
CSeason, _8 CSeason-9 
CSeason. 10 
D 
Dl 
CSeason 

I for DCPIl 
Coefficient 

0.30312 
-0.077323 

0.017177 
-0.0097757 

-0.077801 
-0.0058342 
-0.0048210 
0.00049038 
-0.0037740 
-0.0049327 

-0.011690 
-0.0050514 

0.013822 
-0.0033692 

-1.0159e-005 
0.027855 
0.030697 
0.019062 

Std. Error 
0.073442 
0.028764 
0.020165 

0.0014375 
0.012314 

0.0038434 
0.0035997 
0.0037054 
0.0035984 
0.0035663 
0.0036355 
0.0037755 
0.0036714 
0.0035787 
0.0035388 
0.0040003 
0.0045452 
0.0035302 

t-value 
4.127 

-2.688 
0.852 

-6.800 
-6.318 
-1.518 
-1.339 

0.132 
-1.049 
-1.383 
-3.216 
-1.338 

3.765 
-0.941 
-0.003 

6.963 
6.754 
5.400 

t-prob 
0.0001 
0.0086 
0.3966 
0.0000 
0.0000 
0.1326 
0.1840 
0.8950 
0.2972 
0.1702 
0.0018 
0.1844 
0.0003 
0.3491 
0.9977 
0.0000 
0.0000 
0.0000 

\sigma = 0.0073313 RSS = 0.00467607534 

URF Equation 
variable 
DCP11-1 
DLIP2-1 
DLMO-l 
CI-1 
Constant 
cSeason-I 
CSeason-2 
CSeason-3 
CSeason-4 
cSeason-5 
cSeason-6 
CSeason_7 
cseason-8 
cSeason-9 
cSeason-10 
D 
D1 

2 for DLIP2 
Coefficient 

-0.17980 
-0.18102 
0.062186 

0.0022099 
0.027420 

-0.0023310 
-0.0031703 
-0.0033556 

-0.020122 
-0.0013069 
0.00059100 
-0.0093139 

-0.012057 
-0.00027726 

-0.0075641 
0.017943 

-0.032529 

Std. Error 
0.25818 
0.10112 

0.070886 
0.0050534 

0.043290 
0.013511 
0.012654 
0.013026 
0.012650 
0.012537 
0.012780 
0.013272 
0.012906 
0.012580 
0.012440 
0.014062 
0.015978 

t-value 
-0.696 
-1.790 

0.877 
0.437 
0.633 

-0.173 
-0.251 
-0.258 
-1-591 
-0-104 

0.046 
-0.702 
-0-934 
-0-022 
-0.608 

1.276 
-2-036 

t-prob 
0.4880 
0.0769 
0.3828 
0.6630 
0.5281 
0.8634 
0.8028 
0.7973 
0.1153 
0.9172 
0.9632 
0.4847 
0.3528 
0.9825 
0.5447 
0.2054 
0.0448 
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CSeason -0.011383 0.012410 -0.917 0.3615 

\sigma = 0.0257721 RSS = 0.05778548838 

URF Equation 3 for DLMO 
Variable Coefficient Std. Error t-value t-prob 
DCPIl-l -0.96181 0.35630 -2.699 0.0083 
DLIP2_1 0.027854 0.13955 0.200 0.8423 
DLMO-l -0.42533 0.097829 -4.348 0.0000 
CI-1 -0.032677 0.0069740 -4.686 0.0000 
Constant -0.25682 0.059743 -4.299 0.0000 
CSeason-l -0.0027167 0.018646 -0.146 0.8845 
CSeason-2 0.021387 0.017464 1.225 0.2240 
CSeason-3 -0.0032151 0.017977 -0.179 0.8585 
CSeason-4 0.00038525 0.017457 0.022 0.9824 
CSeason-5 0.013077 0.017302 0.756 0.4518 
CSeason_6 -0.0082992 0.017638 -0.471 0.6391 
CSeason-7 -0.025367 0.018317 -1.385 0.1696 
CSeason-8 -0.018446 0.017812 -1.036 0.3033 
CSeason-9 0.018664 0.017362 1.075 0.2853 
CSeason_10 -0.020034 0.017169 -1.167 0.2464 
D -0.026269 0.019407 -1.354 0.1794 
D1 -0.043103 0.022051 -1-955 0.0538 
CSeason -0.021041 0.017126 -1.229 0.2225 

\sigma = 0.0355675 RSS = 0.1100588881 

correlation of URF residuals 
DCPI1 DLIP2 DLMO 

DCPI1 1.0000 
DLIP2 0.14548 1.0000 
DLMO -0.052378 0.22740 1.0000 

standard deviations of URF residuals 
DCPI1 DLIP2 DLMO 

0.0073313 0.025772 0.035567 

loglik = 1284.5343 1091\0megal = -24.4673 I\Omegal - 2.3658e-011 Ta 105 
logjY'Y/Tj = -21.2631 
RA 2(LR) = 0.959408 R^2(LM) = 0.422026 

F-test on all regressors except unrestricted, F(15,235) - 34.351 (0.0000, 
variables entered unrestricted: 

CSeason-l CSeason. 2 CSeason-3 CSeason-4 CSeason_5 CSeason-6 
CSeason_7 CSeason-8 CSeasork_g CSeason_lo D Di 

CSeason 

F-tests on retained regressors, F(3,85) 
DCPI1_1 7.74013 [0.0001] DLIP2-1 3.05859 10-03261 

DLMO_l 7.38484 10.00021 CI-1 25.7732 10.00001 
Constant 22.4634 [0.0000] 

correlation of actual and fitted 
DCPI1 DLIP2 DLMO 

0.93155 0.41975 0.62363 

DCP11 : Portmanteau 12 lags= 41.057 
DLIP2 : Portmanteau 12 lags= 13.333 
DLMO : Portmanteau 12 lags= 39.978 
DCP11 : AR 1- 7 F( 7,80) = 1.766 10-10571 
DLIP2 : AR 1- 7 F( 7,80) = 0.83114 (0.56461 
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DLMO : AR 1- 7 F( 7,80) = 2.5757 [0.01901 
DCPI1 : Normality ChiA 2(2)= 5.008 10.0818] 
DLIP2 : Normality ChiA 2(2)= 0.6291 [0.73011 
DLMO : Normality Chi^2(2)= 1.2219 (0.54281 
DCPI1 : ARCH 7 F( 7,73) = 0.84738 (0.55211 
DLIP2 : ARCH 7 F( 7,73) = 0.82719 (0.56811 
DLMO : ARCH 7 F( 7,73) = 0.45957 (0.86051 
DCPII : xi^2 F( 8,78) = 1.9117 [0.06991 
DLIP2 : XiA 2 F( 8,78) = 1.3931 [0.21271 
DLMO : xi-2 F( 8,78) = 0.94577 (0.48441 
DCPI1 : Xi*Xj F(14,72) = 1.3566 [0.19741 
DLIP2 : Xi*Xj F(14,72) = 1.605 (0.09861 
DLMO : Xi*Xj F(14,72) = 0.86978 [0.59351 
Vector portmanteau 12 lags= 163.9 
Vector AR 1-7 F(63,191) = 1.1441 (0.24331 
Vector normality Chi^2( 6)= 5.0992 10.53121 
Vector XiA 2 F(48,363) = 1.0522 (0.38551 
Vector Xi*Xj F(84,379) = 1.0743 [0.32301 
PO. in7 loaded from c: \givewin\data\Po. in7 

Algebra loaded from c: \givewin\data\PO1. alg 

* 

FDCPI1 [1990 (6) to 1999 (2)] saved to PO-in7 
FDLIP2 [1990 (6) to 1999 (2)] saved to PO-in7 
FDLMO (1990 (6) to 1999 (2)] saved to PO. in7 
Batch file loaded from: c: \givewin\data\Potaylor. fl 
Algebra loaded from c: \givewin\data\po2. alg 

RUN WITH DR8, FS1 

EQ( 1) Modelling DR8 by OLS (using po. in7) 
The present sample is: 1992 (2) to 1995 (6) 

Variable Coefficient Std. Error t-value t-prob PartR"2 
Constant -0.52322 0.48978 -1.068 0.2929 0.0325 
INFLGAP -0.012110 0.19997 -0.061 0.9521 0.0001 
OUTGAP -28.929 19.041 -1.519 0.1379 0.0636 
FS1 -0.029351 0.16450 -0.178 0.8594 0.0009 
DBRl -1.1951 1.1601 -1.030 0.3102 0.0303 
DER 5.5499 3.7084 1.497 0.1437 0.0618 
Z3 6.9116 0.83823 8.245 0.0000 0.6666 

RA2=0.688804 F(6,34) = 12-543 10.00001 \Sigma = 0.967405 DW - 2.59 
RSS = 31.81967562 for 7 variables and 41 observations 

AR 1- 3 F( 3,31) = 
ARCH 3 F( 3,28) = 
Normality ChiA2(2)= 
XiA 2 F(12,21) = 
Xi*Xi F(23,10) = 
RESET F( 1,33) = 

RUN WITH DR8, FS1 

1.6143 10.20611 
0.39273 [0.75921 

4.0525 [0.13181 
0.46717 [0.91231 
0.32665 [0.98721 

1.011 [0.32201 

EQ( 2) Modelling DR8 by OLS (using po. in7) 
The present sample is: 1995 (7) to 1998 (12) 

Variable coefficient Std. Error t-value 
Constant -0.84804 0.51624 -1.643 
INFLGAP 0.75257 0.35688 2.109 

t-prob PartR"2 
0.1091 0.0697 
0.0420 0.1099 
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OUTGAP 42.065 19.557 2.151 0.0383 0.1139 
FS1 0.43604 0.41740 1.045 0.3031 0.0294 
DBR1 1.0651 1.4755 0.722 0.4750 0.0143 
DER 2.2375 1.6739 1.337 0.1897 0.0473 

R-2 = 0.195477 F(5,36) = 1.7494 (0.14841 \sigm a 0.781455 DW a 1.26 
RSS = 21.98417532 for 6 variables and 42 observations 

AR 1- 3 F( 3, 33) = 
ARCH 3 F( 3, 30) = 
Normality ChiA 2 (2) = 
XiA 2 F(10, 25) = 
xi*Xj F(20, 15) = 
RESET F( 1, 35) = 

2.1909 10.10771 
1.0581 [0.38151 
1.6746 (0.43291 
0.5526 [0.83581 

0.28199 (0-99531 
0.30017 [0.58731 
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APPENDIX E: ESTIMATION RESULTS FOR SLOVENIA 

Sj. in7 loaded from h: \givewin\data\Sj. in7 

Batch saved to H: \GiveWin\Data\Sjvar. fl 

Batch loaded from H: \GiveWin\Data\Sjvar. fl 

module("PcFiml"); 
loaddata("h: \givewin\data\sj. in7"); 
system 

Y= CPI1, LIP1, LMO; 
Z= CP11_1, CPI1_2, LIP1_1, LIP1-2, LMO-1, LMO-2, Trend; 
U= Constant, CSeason, CSeason_l, CSeason-2, CSeason-3, CSeason-4, 

CSeason-5, CSeason-6, CSeason. 7, CSeason_8, CSeason_9, 
CSeason-10; 

estsystem("OLS", 1992,6,1998,12,0,50); 
testsummarY; 
system 

Y= CPI1, LIP1, LMO; 
z= CPIl-1, CPIl-2, LIP1-1, LIP1_2, LMO-1, LMO-2, Trend; 
U= Constant, CSeason, CSeason_l, CSeason-2, CSeason-3, CSeason_4, 

CSeason_5, CSeason-6, CSeason2, CSeason-8, CSeason_9, 
CSeason-10, D; 

estsystem(NOLS", 1992,6,1998,12,0,50); 

testsummary; 

option(*shortrunw, 1); 
estsystem(OCOINTm, 1992,6,1998,12,0,50); 
dynamics; 
testcoint 

1 

option("cointmethod", 1); 
estsystem("RCOINT", 1992,6,1998,12); 

testcoint 

&3=0; &4=1; &5=-I; 

option(mcointmethod", 1); 

estsystem("RCOINT", 1992, 

dynamics; 
6,1998,12); 

loadalgebra("h: \givewin\data\sjl. algo); 
system 

Y= DCPII, DLIP1, DLMO; 
Z= DCPI1_1, DLIP1_1, DLMO_J, CI-1, Constant: 
U= CSeason, CSeason-1, CSeason_2, CSeasori_3, CSeason-4, CSeason_S, 

CSeason_6, CSeason-7, CSeason-8, CSeason-9, CSeason_10, D, Dl; 
I= CI; 
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estsystem(OOLS', 1992,6,1998,12,0,42); 
testsummary; 
store("fittedo); 
saveresults('h: \givewin\results\SJ. outu); 
savedata(1h: \givewin\data\SJ. in7*); 

SYS( 6) Estimating the unrestricted reduced form by OLS 
The present sample is: 1992 (6) to 1998 (12) 

URF Equation 
Variable 
CpIl-l 
cpil-2 
LIP1-1 
LIP1_2 
LMO-1 
LMO-2 
Trend 
Constant 
CSeason 
CSeason-l 
CSeason-2 
cSeason-3 
CSeason-4 
CSeason-5 
CSeason-6 
CSeason-7 
CSeason-B 
CSeason_9 
CSeason-10 

1 for CPIl 
Coefficient 

1.1546 
-0.17762 

-0.012133 
0.0011479 

0.047036 
-0.051581 

0.00018839 
0.26092 

0.0050042 
0.00063215 

0.0016787 
0.0037640 

-0.00038655 
0.0015372 

-0.0039385 
-0.0021914 

0.0038970 
0.0040720 
0.0028170 

Std. Error 
0.11203 
0.10966 

0.024245 
0.024024 
0.037595 
0.035624 

0.00014875 
0.13768 

0.0033158 
0.0030619 
0.0030555 
0.0030672 
0.0031169 
0.0029509 
0.0032078 
0.0031431 
0.0029695 
0.0028966 
0.0028546 

t-value 
10.306 
-1.620 
-0.500 

0.048 
1.251 

-1.448 
1.266 
1.895 
1.509 
0.206 
0.549 
1.227 

-0.124 
0.521 

-1.228 
-0.697 

1.312 
1.406 
0.987 

t-prob 
0.0000 
0.1105 
0.6186 
0.9621 
0.2157 
0.1528 
0.2102 
0.0629 
0.1365 
0.8371 
0.5848 
0.2245 
0.9017 
0.6043 
0.2243 
0.4884 
0.1944 
0.1649 
0.3277 

\sigma = 0.00529662 RSS = 0.001683250018 

URF Equation 
Variable 
CpIl-l 
CPII-2 
LIP1-1 
LIP1_2 
LMO-1 
LmO-2 
Trend 
Constant 
CSeason 
cseason-1 
cseason-2 
cseason-3 
CSeason_4 
cseason-5 
CSeason_6 
CSeason-7 
CSeason-8 
CSeason-9 
cseason-10 

2 for LIP1 
Coefficient 

-0.23591 
0.29975 
0.38313 
0.25854 

0.099552 
-0.084755 

-0.00087845 
1.0913 

0.0012834 
0.0042351 

0.015355 
0.018232 
0.017888 

0.0098489 
0.036525 

7.3362e-005 
0.017511 
0.024187 
0.026213 

Std. Error 
0.58530 
0.57295 
0.12667 
0.12552 
0.19642 
0.18613 

0.00077717 
0.71936 

0.017324 
0.015997 
0.015964 
0.016025 
0.016285 
0.015418 
0.016760 
0.016422 
0.015515 
0.015134 
0.014914 

t-value 
-0-403 

0.523 
3.025 
2.060 
0.507 

-0.455 
-1-130 

1.517 
0.074 
0.265 
0.962 
1.138 
1.098 
0.639 
2.179 
0.004 
1.129 
1.598 
1.758 

t-prob 
0.6883 
0.6028 
0.0037 
0.0438 
0.6141 
0.6505 
0.2628 
0.1345 
0.9412 
0.7921 
0.3400 
0.2598 
0.2764 
0.5254 
0.0332 
0.9965 
0.2635 
0.1152 
0.0839 

\sigma = 0.0276732 RSS = 0.04594833185 

URF Equation 3 for LMO 
Variable Coefficient Std. Error t-value t-prob 

(using SJ. in7) 
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CpIl-l 0.086627 0.33227 0.261 0.7952 
CPIl-2 0.12108 0.32526 0.372 0.7110 
LIP1-1 0.011647 0.071910 0.162 0.8719 
LIP1-2 0.18420 0.071257 2.585 0.0122 
LMO-1 1.1853 0.11151 10.630 0.0000 
LmO 2 -0.32520 0.10566 -3.078 0.0031 
Trend 0.00058949 0.00044120 1.336 0.1866 
Constant -0.80080 0.40838 -1.961 0.0545 
CSeason -0.053704 0.0098347 -5.461 0.0000 
CSeason-l -0.039417 0.0090815 -4.340 0.0001 
CSeason. -2 -0.025890 0.0090625 -2.857 0.0059 
CSeason-3 -0.015799 0.0090973 -1.737 0.0876 
CSeason-4 -0.029189 0.0092447 -3.157 0.0025 
CSeason-5 -0.0038766 0.0087526 -0.443 0.6594 
CSeason-6 -0.021230 0.0095143 -2.231 0.0294 
cseason-ý7 -0.036767 0.0093225 -3.944 0.0002 
cSeason_8 -0.026501 0.0088077 -3.009 0.0038 
CSeason-9 -0.026507 0.0085912 -3.085 0.0031 
CSeason-10 -0.035633 0.0084667 -4.209 0.0001 

\sigma = 0.015 7099 RSS 0.01480801534 

correlation of URF residuals 
CpIl LIP1 LMO 

CpIl 1.0000 
LIP1 0.20427 1.0000 
LMO 0.038666 -0.027832 1.0000 

standard devia tions of URF residuals 
CpI1 LIP1 LMO 

0.0052966 0.027673 0.015710 

loglik = 1059.9292 logj\Omegaj = -26.8337 I\Omegal = 2.2197e-012 T- 79 
logjY'Y/Tj = -15.9286 
R-2(LR) = 0.999982 R^2(LM) = 0.747137 

F-test on all regressors except unrestricted, F(21,167) = 346.92 (0.0000, 
variables entered unrestricted: 

Constant CSeason CSeason-1 CSeason-2 CSeason-3 CSeason_4 
CSeason. 5 CSeason. 6 CSeason_7 CSeason_8 CSeason_9 CSeason_10 

F-tests on retained regressors, F(3,58) 
CpIl-1 36.36U2 LU. UUUU] CPIl-2 1.16097 10.33251 
LIP1-1 3.39693 [0.02371 LIPI-2 3.69957 10.01661 

LMO-1 36.7714 [0.0000] LMO-2 3.64618 (0.01771 
Trend 1.65871 [0.18591 

correlation of actual and fitted 
CpIl LIP1 LMO 

0.99980 0.72981 0. 99964 

CpIl : Portmanteau 9 lags= 16.756 
LIP1 : Portmanteau 9 lags= 4.8205 
LMO : Portmanteau 9 lags= 10.483 
CpIl : AR 1- 5 F( 5,55) = 1.7469 10-13931 
LIP1 : AR 1- 5 F( 5,55) = 0.77418 [0-57251 
LMO : AR 1- 5 F( 5,55) = 1.211 [0.31631 
CP11 : Normality Chi^2(2)= 3.0167 [0.22131 
LIP1 : Normality Chi^2(2)= 1.754 10-41601 
LMO : Normality Chi^2(2)= 15.613 10-00041 
CpIl : ARCH 5 F( 5,50) = 0.55028 (0.73731 
LIP1 : ARCH 5 F( 5,50) = 0.91803 [0.4771] 
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LMO : ARCH 5 F( 5,50) = 0.31186 (0-90361 
CPI1 : Xi^2 F(14,45) = 0.7492 [0.71481 
LIP1 : Xi^2 F(14,45) = 1.6487 [0.10251 
LMO : XiA2 F(14,45) = 0.37507 [0.9755] 
CPI1 : Xi*Xj F(35,24) = 0.39797 [0.99361 
LIP1 : Xi*Xj F(35,24) = 0.93626 [0.57851 
LMO : Xi*Xj F(35,24) = 0.83198 10-69583 
Vector portmanteau 9 lags= 72.324 
Vector AR 1-5 F(45,128) = 1.3262 [ 0.1127] 
Vector normali ty Chi^2( 6)= 19.717 [ 0.00311 
Vector 

XiA 2 F(84,229) 1.1964 ( 0-15061 
Vector Xi*Xj F(210,121) 0.77807 [0.94321 

syS( 7) Estimating the unrestricted reduced form by OLS 
The present sample is: 1992 (6) to 1998 (12) 

URF Equation 
Variable 
CpIl-l 
cpil-2 
LIP1-1 
LIpj_2 
LMO-1 
LmO-2 
Trend 
Constant 
CSeason 
cseason-1 
cSeason-2 
cSeasork-3 
CSeason_4 
CSeason-5 
CSeason. 6 
CSeason_7 
CSeason-8 
CSeason. 9 
CSeason-10 
D 

1 for CPIl 
Coefficient 

1.1596 
-0.18372 

-0.010454 
-0.0019739 

0.045647 
-0.049453 

0.00018651 
0.26692 

0.0051459 
0.00058622 

0.0016884 
0.0037642 

-0.00036237 
0.0015879 

-0.0038283 
-0.0021719 

0.0036775 
0.0040516 
0.0024954 
0.0022520 

Std. Error 
0.11312 
0.11096 

0.024606 
0.024905 
0.037919 
0.036075 

0.00014971 
0.13901 

0.0033472 
0.0030819 
0.0030743 
0.0030860 
0.0031363 
0.0029706 
0.0032344 
0.0031626 
0.0030174 
0.0029146 
0.0029379 
0.0043280 

t-value 
10.251 
-1.656 
-0.425 
-0.079 

1.204 
-1.371 

1.246 
1.920 
1.537 
0.190 
0.549 
1.220 

-0.116 
0.535 

-1.184 
-0.687 

1.219 
1.390 
0.849 
0.520 

t-prob 
0.0000 
0.1031 
0.6725 
0.9371 
0.233S 
0.17S6 
0.2178 
0.0597 
0.1296 
0.8498 
0.5849 
0.2274 
0.9084 
0.59so 
0.2413 
0.4949 
0.2278 
0.1697 
0.3991 
0.6048 

\sigma = 0.0053291 RSS = 0.001675561195 

URF Equation 
Variable 
CpIl-1 
CPII-2 
LIP1_1 
LIP1-2 
LMO-1 
LMO-2 
Trend 
Constant 
CSeason 
cSeason-1 
CSeason-2 
cseason-3 
CSeason_4 
CSeason-5 
CSeason_6 
cseason-7 
cseason-8 
CSeason-9 

2 for LIP1 
Coefficient 

-0.25668 
0.32503 
0.37616 
0.27149 
0.10531 

-0.093580 
-0.00087065 

1.0664 
0.00069585 

0.0044255 
0.015315 
0.018231 
0.017788 

0.0096387 
0.036069 

-7.3513e-006 
0.018421 
0.024272 

Std. Error 
0.59154 
0.58020 
0.12867 
0.13023 
0.19828 
0.18864 

0.00078283 
0.72689 

0.017503 
0.016116 
0.016076 
0.016137 
0.016400 
0.015534 
0.016913 
0.016538 
0.015778 
0.015241 

t-value 
-0.434 

0.560 
2.924 
2.085 
0.531 

-0.496 
-1.112 

1.467 
0.040 
0.275 
0.953 
1.130 
1.085 
0.620 
2.133 

-0-000 
1.168 
1.593 

t-prob 
0.6659 
0.5775 
0.0049 
0.0414 
0.5973 
0.6217 
0.2706 
0.1477 
0.9684 
0.7846 
0.3446 
0.2631 
0.2825 
0.5373 
0.0371 
0.9996 
0.2477 
0.1166 

(using SJ. in7) 
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cseason_10 0.027547 0.015362 1.793 0.0781 
D -0.0093373 0.022632 -0.413 0.6814 

\sigma = 0.0278666 RSS = 0.04581614975 

URF Equation 3 for LMO 
Variable Coefficient Std. Error t-value t-prob 
CpIl-1 0.22801 0.25751 0.885 0.3795 
cpil-2 -0.051049 0.25258 -0.202 0.8405 
LIP1-1 0.059061 0.056013 1.054 0.2960 
LIP1-2 0.096090 0.056694 1.695 0.0954 
LMO-1 1.1461 0.086319 13.278 0.0000 
LmO-2 -0.26512 0.082122 -3.228 0.0020 
Trend 0.00053642 0.00034079 1.574 0.1208 
Constant -0.63136 0.31644 -1-995 0.0506 
CSeason -0.049705 0.0076197 -6.523 0.0000 
CSeason-l -0.040713 0.0070156 -5.803 0.0000 
cSeason-2 -0.025615 0.0069982 -3.660 0.0005 
CSeason_3 -0.015793 0.0070249 -2.248 0.0283 
CSeason_4 -0.028506 0.0071396 -3.993 0.0002 
CSeason_5 -0.0024455 0.0067624 -0.362 0.7189 
CSeason_6 -0.018121 0.0073628 -2.461 0.0168 
CSeason-7 -0.036218 0.0071993 -5.031 0.0000 
CSeason-8 -0.032696 0.0068687 -4.760 0.0000 
CSeason-9 -0.027083 0.0066348 -4.082 0.0001 
CSeason. 10 -0.044711 0.0066877 -6.686 0.0000 
D 0.063562 0.0098523 6.451 0.0000 

%sigma = 0.0121312 RSS 0.008682755 176 

correlation of URF residuals 
CP11 LIP1 LMO 

CpIl 1.0000 
LIP1 0.20867 1.0000 
LMO -0.0062853 0.0087148 1.0000 

standard deviations of URF residuals 
cpIl LIP1 LMO 

0.0053291 0.027867 0.012131 

loglik = 1081.279 logl\Omegal = -27.3742 I\Omegal = 1.29288e-012 Ta 79 
logjY'Y/Tj = -15.9914 
R-2(LR) = 0.999989 RA2(LM) = 0.757402 

F-test on all regressors except unrestricted, F(21,164) .2 404.09 10.0000) 
variables entered unrestricted: 

Constant CSeason CSeason. 1 CSeason-2 CSeason-3 CSeason-4 
CSeason-5 CSeason-6 CSeason_7 CSeason_8 CSeason_9 CSeason_10 

D 

F-tests on retained regressors, F(3,57) 
CpIl-l 36.3748 10.0000] CPIl-2 1.17498 10.32731 
LIP1-1 3.44819 [0.02241 LIP1_2 2.38929 (0.07821 

LMO-1 57.3135 [0.0000] LMO-2 3.99017 (0.01201 
Trend 1.95440 [0.13111 

correlation of actual and fitted 
CpIl LIP1 LMO 

0.99980 0.73074 0.99979 

cpil : Portmanteau 9 lags= 16.056 
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LIP1 : Portmanteau 9 lags= 4.5281 
LMO : Portmanteau 9 lags= 11.376 
CpIl : AR 1- 5 F( 5, 54) = 1.8214 [0.1241) 
LIP1 : AR 1- 5 F( 5, 54) = 0.31023 10.9047] 
LMO : AR 1- 5 F( 5, 54) = 1.8429 [0.1200] 
CpIl : Normality Chi -2(2)= 3.4724 [0.17623 
LIP1 : Normality Chi ^2(2)= 1.7311 [0.4208] 
LMO : Normality Chi A 2(2)= 0.32259 [0.8510) 
CpIl : ARCH 5 F( 5, 49) = 0.54532 [0.7410] 
LIP1 : ARCH 5 F( 5, 49) = 0.92504 [0.4729] 
LMO : ARCH 5 F( 5, 49) = 1.0398 [0.4050] 
CpIl : XiA 2 F(14, 44) = 0.7325 (0.73091 
LIP1 : Xiý2 F(14, 44) = 1.6204 [0.11131 
LMO : XiA 2 F(14, 44) = 0.2887 [0.99271 
CP11 : Xi*Xj F(35, 23) = 0.38723 E0.9945] 
LIP1 : Xi*Xj F(35, 23) = 0.89252 [0.62711 
LMO : Xi*Xj F(35, 23) = 0.40979 [0.99161 
Vector portmanteau 9 lags= 73.366 
Vector AR 1-5 F(45,12 5) = 0.77892 ( 0.82991 
Vector normality ChiA 2 ( 6)= 4.9854 [ 0.54571 
vector 

XiA 2 F(84,22 3) 1.2035 [ 0.14401 
Vector Xi*Xj F(210,1 15) 0.71895 (0.97991 

syS( 8) Cointegration analysis 1992 (6) to 1998 (12) 

eigenvalue loglik for rank 
1055.82 0 

0.314159 1070.71 1 
0.179879 1078.54 2 
0.066897 1081.28 3 

Ho: rank=p -Tlo g(l-\mu) using T-nm 95% -T\Sum log(. ) using T-ran 95% 
p == 0 29.79* 27.53* 25.5 50.93** 47.06* 42.4 
p <= 1 15.67 14.48 19.0 21.14 19.53 25.3 
p <= 2 5.47 5.055 12.3 5.47 5.055 12.3 

standardized \b eta' eigenvectors 
CPII LIP1 LMO Trend 

1.0000 1.3892 -0.96189 0.0071118 
0.52088 1.0000 -0.23509 0.00059099 

-2.9981 0.99416 1.0000 0.0067962 

standardized \a lpha coefficients 
CPI1 0.023999 -0.052634 0.0069058 
LIP1 -0.032103 -0.23402 -0.074165 
LMO 0.090650 0.049318 -0.020220 

long-run matrix Po=\alpha*\betal, rank 3 
CpIl LIP1 LMO Trend 

CP11 -0.024121 -0.012427 -0.0038053 0.00018651 
LIP1 0.068352 -0.35235 0.011731 -0.00087065 
LMO 0.17696 0.15515 -0-11901 0.00053642 

Number of lags used in the analysis: 2 
Variables entered unrestricted: 

Constant CSeason CSeason_l CSeason_2 CSeason-3 CSeason-4 
CSeason_5 CSeason-6 CSeason. 7 CSeason_8 CSeason_g CSeason_lo 

D 
Variables entered restricted: 

Trend 
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Dynamic analysis of the system 
Lag-1 multipliers 

Trend 
CPI1 0.00024986 
LIPI -0.00031889 
LMO 0.00060589 

Mean lag matrix 
cpIl LIP1 LMO 

cpIl -0.79216 0.014401 0.053258 
LIP1 -0.39338 -0.91913 0.081849 
LMO -0.12591 -0.25124 -0.61587 

Long-run matrix \Pi(l)-I = PO 
cpIl LIP1 LMO 

cpIl -0.024121 -0.012427 -0.0038053 
LIP1 0.068352 -0.35235 0.011731 
LMO 0.17696 0.15515 -0-11901 

Long-run covariance 
cPIl LIP1 LMO 

cPI1 0.023515 
LIP1 0.0051378 0.0079449 
LMO 0.040187 0.018056 0.091566 

Long-run multipliers 
Trend 

cPI1 0.0061846 
LIPI -0.00085202 
LMO 0.012593 

Static long run 
Trend (null) 

CPII 0.0061846 0.11866 
LIPI - 0.00085202 0.059055 
LMO 0.012593 0.40515 

Standard error s of static long run 
Trend (null) 

CpIl 0.0015931 0.071711 
LIP1 0.00092603 0.041683 
LMO 0.0031437 0.14151 

Eigenvalues of \PiM-I 
real complex modulus 

-0.03896 0.0000 0.03896 

-0.09833 0.0000 0.09833 

-0.3582 0.0000 0.3582 

Eigenvalues of companion matrix 
real complex modulus 

-0.3520 0.0000 0.3520 
0.9321 0.0000 0.9321 
0.1263 0.0000 0.1263 
0.8992 0.0000 0.8992 
0.7471 0.0000 0.7471 
0.3291 0.0000 0.3291 

General cointegration restrictions: 
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unrestricted 
Analysis of restrictions on \alpha and \beta: 

- \alpha is unrestricted 
- \beta is unrestricted 
- the restrictions do not identify all cointegrating vectors 

SYS( 8) General cointegration test 1992 (6) to 1998 

\beta' 
cpil LIP1 LMO Trend 

1.0000 1.3892 -0.96189 0.0071118 

\alpha 
cPI1 0.023999 
LIP1 -0.032103 
LMO 0.090650 

Standard errors of alpha 
cPI1 0.0097408 
LIP1 0.050738 
LMO 0.021104 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
cpil LIP1 LMO Trend 

cpll 0.023999 0.033341 -0.023085 0.00017068 
LIP1 -0.032103 -0.044599 0.030880 -0.00022831 
LMO 0.090650 0.12593 -0.087196 0.00064469 

Reduced form \beta' 
LIP1 LMO Trend 

cpil -1.3892 0.96189 -0.0071118 

Standard errors of long-run matrix 
cpI1 0.0097408 0.013532 0.0093697 6.9275e-005 
LIP1 0.050738 0.070488 0.048805 0.00036084 
LMO 0.021104 0.029319 0.020300 o. 00015009 

Long-run matrix of first differences NGamma 
0.81628 -0.0019739 -0.049453 
0.32503 1.2715 -0.093580 

-0.051049 0.096090 0.73488 

Moving average impact matrix 
CpIl 1.4407 0.35391 -0.25609 
LIP1 -0.44746 0.53681 0.30857 
LMO 0.85155 1.1432 0.17942 

The restrictions do not identify all cointegrating vectors. 
loglik = 1070.711 -logl\Omegal = 27.106608 unrestr. loglik a 1070.711 
Zero degrees of freedom in LR-test, no binding restrictions imposed. 

General cointegration restrictions: 
&3 = 0; 
&4 = 
&5 = 

Analysis of restrictions on \alpha and \beta: 
- linear restrictions 
- \alpha x \beta restrictions are variation free 
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- \alpha is unrestricted 
- \beta has only within-equation restrictions 
- \beta restrictions are homogenous when scaling removed 
- \beta equality restrictions rewritten 

SYS( 9) General cointegration test 1992 (6) to 1998 (12) 

\beta ' 
cpll LIP1 LMO Trend 

0.00000 1.0000 -1.0000 0.014357 

Standard errors of beta' 
cpil LIP1 

0.00000 0.00000 

\alpha 
cpil 0.018174 
LIP1 0.0052457 
LMO 0.037840 

Standard errors of alpha 
cpil 0.0050454 
LIP1 0.027643 
LMO 0.012168 

LMO Trend 
0.00000 0.0014417 

Restricted long-run matrix Po=\alpha*\betal, rank 1 
cpI1 LIP1 LMO Trend 

cpIl 0.00000 0.018174 -0.018174 0.00026093 
LIP1 0.00000 0.0052457 -0.0052457 7.531le-005 
LMO 0.00000 0.037840 -0.037840 0.00054326 

Standard errors of long-run matrix 
cpIl 0.00000 0.0050454 0.0050454 7.2436e-005 
LIP1 0.00000 0.027643 0.027643 0.00039687 
LMO 0.00000 0.012168 0.012168 0.00017470 

Long-run matrix of first differences \Gamma 
0.81628 -0.0019739 -0.049453 
0.32503 1.2715 -0.093580 

-0.051049 0.096090 0.73488 

Moving average impact matrix 
CpIl 1.0187 0.43190 -0.54918 
LIP1 -0.31837 0.80602 0.041176 
L. M0 -0.31837 0.80602 0.041176 

Linear Switching (scaled analytical); result: Strong convergence 
(epsl=0.0001, eps2=0.005) 

loglik = 1069.1076 -logi\Omegal = 27.066015 unrestr. loglik = 1070.711 
LR-test, rank=l: Chi^2(2) = 3.2068 [0.2012] 

SYS(11) Estimating the unrestricted reduced form by OLS (using SJ. in7) 
The present sample is: 1992 (6) to 1998 (12) 

URF Equation I for DCPI1 
Variable Coefficient Std. Error t-value t-prob 
DCPIl-l 0.16012 0.11100 1.442 0.1543 
DLIP1-1 -0.0085893 0.022332 -0.385 0.7019 
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DLMO-1 
CI-1 
Constant 
CSeason_l 
CSeason-2 
CSeason-3 
CSeason_4 
CSeason_5 
CSeason-6 
CSeason-7 
CSeason_8 
CSeason_9 
CSeason_10 
D 
Di 
CSeason 

0.047761 
0.018437 

0.11607 
0.0014259 
0.0022913 
0.0042550 

0.00010039 
0.0018161 

-0.0035334 
-0.0017845 

0.0042580 
0.0047484 
0.0029091 
0.0021538 
0.0028677 
0.0055696 

0.035295 
0.0050554 

0.030789 
0.0030141 
0.0029885 
0.0029789 
0.0030437 
0.0029309 
0.0031864 
0.0031360 
0.0029858 
0.0028667 
0.0029130 
0.0043015 
0.0029641 
0.0033072 

1.353 
3.647 
3.770 
0.473 
0.767 
1.428 
0.033 
0.620 

-1.109 
-0.569 

1.426 
1.656 
0.999 
0.501 
0.967 
1.684 

0.1810 
0.0006 
0.0004 
0.6379 
0.4462 
0.1583 
0.9738 
0.5378 
0.2718 
0.5714 
0.1589 
0.1028 
0.3219 
0.6184 
0.3371 
0.0973 

\sigma = 0.00530961 RSS = 0.00171970728 

URF Equation 
Variable 
DCPIl-1 
DLIP1-1 
DLMO-1 
CI-1 
Constant 
CSeason_1 
CSeason-2 
CSeason_3 
CSeason_4 
CSeason_5 
CSeason_6 
CSeason_j 
CSeason_8 
CSeason_9 
CSeason_10 
D 
D1 
CSeason 

2 for DLIP1 
Coefficient 

-0.68473 
-0.29676 

-0.060110 
0.011940 
0.078298 
0.014379 
0.025541 
0.028044 
0.029129 
0.018261 
0.039586 

0.00083349 
0.022930 
0.029391 
0.030582 

-0.0039119 
0.072925 

0.0021055 

Std. Error 
0.50326 
0.10125 
0.16002 

0.022921 
0.13959 

0.013666 
0.013549 
0.013506 
0.013800 
0.013288 
0.014447 
0.014218 
0.013537 
0.012997 
0.013207 
0.019503 
0.013439 
0.014995 

t-value 
-1.361 
-2.931 
-0.376 

0.521 
0.561 
1.052 
1.885 
2.076 
2.111 
1.374 
2.740 
0.059 
1.694 
2.261 
2.316 

-0.201 
5.426 
0.140 

t-prob 
0.1787 
0.0047 
0.7085 
0.6043 
0.5769 
0.2969 
0.0642 
0.0421 
0.0389 
0.1744 
0.0080 
0.9534 
0.0954 
0.0273 
0.0240 
0.8417 
0.0000 
0.8888 

\sigma = 0.0240731 RSS = 0.03535023675 

URF Equation 
Variable 
DCPIl-l 
DLIP1_1 
DLMO_1 
CI-1 
Constant 
CSeason. 1 
CSeason_2 
CSeason_3 
CSeason_4 
CSeason_5 
CSeason_6 
CSeason_7 
CSeason_8 
CSeason_9 
CSeason_10 
D 
Di 

3 for DLMO 
Coefficient 

0.060427 
-0.0034871 

0.23041 
0.038881 

0.24459 

-0.043059 
-0.026693 
-0.016675 
-0.028370 

-0.0015553 
-0.020027 
-0.038903 
-0.034875 
-0.030323 
-0.046701 

0.067964 
0.011296 

Std. Error 
0.26426 

0.053165 
0.084028 
0.012035 
0.073299 

0.0071758 
0.0071147 
0.0070920 
0.0072462 
0.0069775 
0.0075859 
0.0074659 
0.0071083 
0.0068247 
0.0069350 

0.010241 
0.0070566 

t-value 
0.229 

-0.066 
2.742 
3.231 
3.337 

-6.001 
-3.752 
-2.351 
-3.915 
-0.223 
-2.640 
-5.211 
-4.906 
-4.443 
-6.734 

6.637 
1.601 

t-prob 
0.8199 
0.9479 
0.0080 
0.0020 
0.0014 
0.0000 
0.0004 
0.0220 
0.0002 
0.8244 
0.0105 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.1146 
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cSeason -0.052584 0.0078735 -6.679 0.0000 

\sigma = 0.0126406 RSS = 0.009746855768 

correlation of URF residuals 
DCPIl DLIPI DLMO 

DCPIl 1.0000 
DLIP1 0.21223 1.0000 
DLMO -0.10417 -0.22276 1.0000 

standard deviations of URF residuals 
DCPI1 DLIP1 DLMO 

0.0053096 0.024073 0.012641 

loglik = 1088.1366 logj\Omegaj = -27.5478 I\Omegal = 1.08682e-012 T= 79 
logjY'Y/Tj = -24.6713 
R"2(LR) = 0.943665 R^2(LM) = 0.380158 

F-test on all regressors except unrestricted, F(15,163) = 19.972 [0.0000] 

variables entered unrestricted: 
CSeason_1 CSeason_2 CSeason_3 CSeason_4 CSeason_5 CSeason, 

_6 CSeason. 7 CSeason-8 CSeason. 9 CSeason_10 D D1 
CSeason 

F-tests on retained regressors, F(3,59) 
DCPI1_1 1.60898 [0.19691 DLIP1-1 

DLMO_l 3.30172 [0.02641 CI-1 
Constant 9.20997 [0.00001 

correlation of actual and fitted 
DCPIl DLIPI DLMO 

0.81901 0.76004 0.90993 

DCPIl : Portmanteau 9 lags= 11.518 
DLIP1 : Portmanteau 9 lags= 3.7182 
DLMO : Portmanteau 9 lags= 11.36 
DCPIl : AR 1- 5 F( 5,56) = 0.82 [0.54061 
DLIP1 : AR 1- 5 F( 5,56) = 0.22588 [0.94981 
DLMO : AR 1- 5 F( 5,56) = 1.4471 [0.22191 
DCPIl Wormality Chi^2(2)= 1.7577 [0.41531 
DLIP1 : Normality Chi^2(2)= 0.098722 [0.95181 
DLMO wormality Chi^2(2)= 1.715 [0.42421 
DCPIl : ARCH 5 F( 5,51) = 0.48815 [0.78351 
DLIP1 : ARCH 5 F( 5,51) = 0.46727 [0.79881 
DLMO : ARCH 5 F( 5,51) = 0.73881 [0.5979] 
DCPIl : XiA 2F(8,52) = 1.8064 [0.09691 
DLIP1 : XiA 2 F( 8,52) = 1.4485 [0.19911 
DLMO : XiA 2 F( 8,52) = 0.59408 [0.77831 

DCPIl : xi*xj F(14,46) = 1.1806 [0.32141 

DLIP1 : Xi*Xj F(14,46) = 1.2088 (0.30181 
DLMO : Xi*Xj F(14,46) = 0.53489 [0.89911 

Vector portmanteau 9 lags= 84.393 
Vector AR 1-5 F(45,131) = 0.93506 [0.59191 
Vector normality Chi, ý2( 6)= 4.0444 (0.67071 
Vector XiA 2 F(48,235) = 1.1545 [0.24211 
Vector Xi*Xj F(84,234) = 0.9007 [0.70791 
Sj. in7 loaded from h: \givewin\data\Sj. in7 

Algebra loaded from h: \givewin\data\Sjl. alg 

2.95773 10.03961 
8.61786 (0.00011 

FDCPll [1992 (6) to 1998 (12)] saved to Sj. in7 
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FDLIP1 [1992 (6) to 1998 (12)] saved to SJ. in7 
FDLMO 11992 (6) to 1998 (12)) saved to SJ. in7 

Batch loaded from C: \GiveWin\data\Sjtaylor. fl 

loaddata("c: \givewin\data\SJ. in7*); 
loadalgebra(mc: \givewin\data\SJ2. algn); 
module("PcGive"); 
usedata("Sj. in7"); 

println(ORUN WITH R3, FS2"); 
system 

Y= R3; 
Z= Constant, INFLGAP, PRICEGAP, OUTGAP, FS2, BR1, ER, LR3; 

estsystem(OOLSO, 1993,7,1995,9); 
testsummary; 
println(ORUN WITH R3, FS2"); 
system 

Y= R3; 
Z= Constant, INFLGAP, PRICEGAP, OUTGAP, FS2, BR1, ER, LR3; 

estsystem("OLS", 1995,10,1998,12); 
testsunmiary; 

println(ORUN WITH DR2, FS1, DFS1"); 
system 

Y= DR. 2; 
Z= Constant, INFLGAP, DFINFL, FS1, DFS1, DBR1, DER, Zl; 

estsystem(OOLSO, 1995,3,1998,12); 
testsummary; 

appresults(Oc: \givewin\results\sj. out"); 

SJ. in7 loaded from c: \givewin\data\SJ. in7 

Algebra loaded from c: \givewin\data\SJ2. alg 

RUN WITH R3, FS2 

EQ( 5) Modelling R3 by OLS (using SJ. in7) 
The present sample is: 1993 (7) to 1995 (9) 

Variable Coefficient Std. Error t-value t-prob PartRý2 
Constant -85.063 49.930 -1.704 0.1048 0.1325 
INFLGAP -7.2942 15.379 -0.474 0.6407 0.0117 
PRICEGAP 249.33 365.05 0.683 0.5028 0.0240 
OUTGAP 154.92 91.676 1.690 0.1074 0.1307 
FS2 -4.1687 5.3961 -0.773 0.4493 0.0305 
BR1 2.3681 3.5441 0.668 0.5121 0.0230 
ER 0.77266 0.34779 2.222 0.0387 0.2062 
LR3 0.15533 0.24249 0.641 0.5294 0.0211 

R'12 = 0.56988 F(7,19) = 3.5962 [0.01231 \sigma = 7.75525 DW = 2.14 
RSS = 1142.735035 for 8 variables and 27 observations 
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AR 1- 3 F( 3, 16) = 0.25334 (0.85781 
ARCH 3 F( 3, 13) = 0.088488 (0.96511 
Normality Chi^ 2(2)= 4.3252 [0.11501 
XiA2 F( 14, 4) = 0.31836 [0.95131 
RESET F( 1, 18) = 1.3149 [0.26651 

RUN WITH R3, FS2 

EQ( 6) Modelling R3 by OLS (using SJ. in7) 
The present sample is: 1995 (10) to 1998 (12) 

Variable coefficient Std. Error t-value t-prob PartR^2 
Constant -25.596 11.590 -2.209 0.0347 0.1360 
INFLGAP 6.1664 2.8314 2.178 0.0371 0.1327 
PRICEGAP -34.873 104.71 -0.333 0.7413 0.0036 
OUTGAP -16.950 25.442 -0.666 0.5102 0.0141 
FS2 -1.8344 1.6404 -1.118 0.2721 0.0388 
BR1 5.1233 1.7429 2.939 0.0062 0.2180 
ER 0.036833 0.032868 1.121 0.2710 0.0389 

LR3 0.82065 0.096017 8.547 0.0000 0.7021 

R^2 = 0.8214 F(7,31) = 20.367 [0.00001 \sigma = 1.59237 DW = 2.30 
RSS = 78.60532146 for 8 variables and 39 observations 

AR 1- 3 F( 3, 28) = 0.66606 [0.57991 
ARCH 3 F( 3, 25) = 3.4115 10.03291 
Normality Chi- 2(2)= 0.66736 (0.7163] 
XiA 2 F( 14, 16) = 1.9596 (0.09891 
RESET F( 1, 30) = 1.0328 [0.31761 

RUN WITH DR2, FS1, DFS1 

EQ( 7) Modelling DR2 by OLS (using SJ. in7) 
The present sample is: 1995 (3) to 1998 (12) 

Variable Coefficient Std. Error t-value t-prob PartR 
A2 

Constant 5.7866 1.9437 2.977 0.0050 0.1891 
INFLGAP 6.6788 2.9676 2.251 0.0303 0.1176 
DFINFL -3.2284 1.4541 -2.220 0.0324 0.1148 
FS1 -15.429 5.1843 -2.976 0.0051 0.1890 
DFS1 14.363 9.3344 1.539 0.1322 0.0587 
DBR1 0.62958 2.9933 0.210 0.8345 0.0012 
DER -0.10269 0.067822 -1.514 0.1383 0.0569 
zi 7.8172 1.6697 4.682 0.0000 0.3658 

Rý2 = 0.441339 F(7,38) = 4.2885 10.00141 \sigma = 1.60082 DW = 2.33 
RSS = 97.3799798 for 8 variables and 46 observations 

AR 1- 3 F( 3, 35) = 
ARCH 3 F( 3, 32) = 
Normality Chi^2(2)= 
Xi^2 F(13, 24) = 
xi*xj F(27, 10) = 
RESET F( 1, 37) = 

1.8403 [0.15791 
0.64895 [0.58941 

7.39 [0.02481 
1.9362 [0.07791 
1.7902 [0.16771 

0.20891 [0.65031 
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