
Chapter 6

Capital and Foreign Exchange

Market Effects on European

Inflation-Output Trade-o ffs

6.1 Introduction

In this chapter we present the estimation results of the Phillips curve models described

in Chapter 5. We will illustrate the differences between the various regimes of ex-

change rate mechanisms and degrees of capital mobility in terms of the (estimated)

slopes of the Phillips curve. Our example countries are identical to the ones used in

Chapter 4.

The effects of the capital market and currency market characteristics are not unam-

biguous. Whether a regime shift steepens or flattens the Phillips curve depends on the

real interest and real exchange rate elasticities of aggregate demand and on the real

exchange rate and output elasticity of the trade balance (see Section 5.4). If for exam-

ple the real exchange rate elasticity of output in case of capital restrictions is higher

than the sum of the real exchange rate and real interest rate elasticity of output in case

of capital mobility in case of a flexible exchange rate regime (σγ > σ+η), the Phillips

curve flattens. Higher sensitivity of aggregate demand to the real interest rate and the

real exchange rate increases the sensitivity of unemployment to the inflation rate.
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

This chapter is structured as follows. Section 6.2 deals with the subsequent episodes

of regimes on the capital and currency market since the end of the 19th century. The

distinction that is made in Chapter 5 between absence of capital flows and completely

free capital mobility is not in accordance with regimes that can be observed in real-

ity. With respect to the capital market, we can distinguish between regimes in which

capital mobility is relatively well developed and regimes in which capital mobility is

relatively low. Section 6.3 deals the hypotheses we want to test. Section 6.4 describes

the data we use to discern between exchange rate and capital mobility regimes. The

estimation method is described in Section 6.5. Section 6.6 presents the results, and

Section 6.7 concludes this chapter.

6.2 Monetary Regimes

This section considers the regimes ruling the sample countries since the end of the 19th

century. We have subdivided the sample into four subperiods. The first two subperiods,

the pre-World War I period and the Interbellum, are characterised by the Gold Stan-

dard. The third period starts after World War II and ends around 1970 and is mainly

characterised by the Bretton Woods system. The last period is the remaining part un-

til 1998 in which the European economic and monetary integration further developed

with the implementation of one currency in 1999, in five out of the six countries of the

data set.

Gold Standard The United Kingdom implemented the Gold Standard in the 18th

century. The rest of Europe entered it in the 1870s. Each country defined its currency

in terms of a fixed weight of gold, which is equivalent to using a fixed gold price.

The participating countries committed themselves to the fixed parity with an escape

clause that was used in case of major shocks. International movements of gold were

unrestricted and there was a rule that linked the amount of money to that of gold, which

implied that given the amount of gold, the amount of money was limited. The largest

European countries had the strongest commitment to the Gold Standard, whereas in

smaller countries domestic pressures more often led to an adjustment of the exchange

rate. Many countries used the pound sterling as an international reserve currency.

In theory the balancing mechanism of the classical Gold Standard works as follows.

In case of a trade surplus, gold flows into the country, which causes an expansion of

the money stock and amount of credit. This causes inflationary pressures in the short

run because an expansion of domestic production takes time. The price increases re-

duce the international competitiveness, which decreases the trade surplus. In reality
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6.2 Monetary Regimes

the mechanism did not work as smooth as described, but especially in the largest

countries, as Germany, France, and the United Kingdom, the Gold Standard func-

tioned satisfactorily. Observation of the actual central bank activities shows that the

gold flows were not as large as one would expect. Central banks applied a set of ‘rules

of the game’, which they had learned to be effective under the Gold Standard. Their

open market operations reduced the need for international gold flows. Another aspect

of the theory that did not show up in reality is the growth of the total amount of gold

induced by overall economic growth in the participating countries. The growth of the

gold stock was more subject to incidental discoveries and by new settlements at the

frontier in the U.S.A. However, this mismatch between theory and empirics did not

break down the operation of the Gold Standard since new large discoveries of gold

and output growth happened to match rather well (Bordo and Schwartz, 1996).

The interest rates in this period were stable at a relatively low level and interest rate

differences among countries under the Gold Standard were small. The behaviour of

inflation rates was more volatile in the short run, but around a stable low rate. The fact

that shocks could in principal not be accommodated by the exchange rate caused a

rather high real output variability.

Interbellum In the first years after WWI, a system of free-floating exchange rates

existed. Although it was highly unsatisfactory in terms of the balance of payments

developments, it took a number of conferences and a lot of negotiations to develop

a system that could be made operative. Developments such as the rise of labour par-

ties and extended trade unification led to a diminished confidence in the autonomy of

monetary policy. The link between monetary policy and unemployment made that de-

cisions by central bankers were regarded as political. However, after years of financial

chaos and (high) inflation, the aversion towards central bank independence decreased

and willingness to re-enter the Gold Standard evolved. The United Kingdom and the

Netherlands succeeded in restoring their pre-war parity and they were joined by other

European countries after 1925 in a New Gold Standard. The system did not function

nearly as well as the pre-war system. High unemployment that was caused by a strict

interest rate policy in order to protect the exchange rate caused political pressures on

the monetary authorities. In the pre-war period, the escape clause gave governments

the possibility to put off convertibility for a short period of time if necessary. In case

convertibility was abandoned, the central bank could use seigniorage to finance its

expenditures. This could take place in combination with an exchange rate change.

Now, governments hesitated to put off convertibility. The absence of the possibility

of independent monetary policy in order to restore external balances made the use of

the escape clause ineffective. Germany and the United Kingdom left the Gold Stan-

dard again in 1931. A group of countries, united in the so-called Gold Bloc, remained
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

in the system. Of these countries, Belgium suspended the gold standard in 1935 and

the others, France, the Netherlands, Italy, and Switzerland, did so in 1936 (seee.g.

Kindleberger, 1993).

Post WWII The data range we use for the estimations in this chapter starts in 1960.

The decade following this year is characterised by the Bretton Woods system in which

the Western European currencies were pegged to the dollar. The Bretton Woods Agree-

ment was signed in 1944 and effectuated in 1959. The agreement described actions to

be taken in a situation of fundamental disequilibrium. It was arranged that the outcome

of consultations with the International Monetary Fund (IMF) would decide whether a

situation was severe enough to be called a fundamental disequilibrium and whether a

revaluation or devaluation would therefore be legitimate. The U.S. dollar became the

key currency and a reserve currency for the other countries. The dollar was expressed

in terms of gold and the other currencies were fixed in terms of the dollar. The Bret-

ton Woods system contained measures of regulation of capital flows in order to cope

with (speculative) market pressures. However, the absence of a clear description of a

situation in which a devaluation was allowed caused speculative attacks in times of

(possible) parity changes.

In the late 1960s the robustness of the monetary policy in the U.S.A. declined with

respect to monetary stability. This led to an increase of the rigidity of the exchange

rate by withstanding pressure to devalue in order to sustain the credibility in the U.S.

monetary authorities’ commitment to the Bretton Woods system (Eichengreen, 1994).

In 1967 the United Kingdom experienced a sterling crisis, after which the exchange

rate to the U.S. dollar stayed at a higher fixed rate until 1971. In 1970-1971 financial

destabilisation resulted in the factual end of the Bretton Woods system. The U.S.A.

had lowered the interest rate in order to stimulate short-term growth with elections

coming up in 1972. American investors brought their dollars to the eurodollar market

where the interest rate was higher. Germany had increased its interest rate in fighting

inflation. The difference in interest rates caused German borrowers to replace their

loans by loans obtained on the eurodollar market in London. These actions of Amer-

ican lenders and European borrowers resulted in an acceleration of the balance of

payment deficit of the U.S.A. from 20 billion dollar in 1970 to 30 billion dollar in

1971. In 1973 the exchange rate of the dollar was set free to float.

The European integration towards the European Monetary Union (EMU) was a pro-

cess that did not start as a replacement of the Bretton Woods system after its ending.

Already in the late 1940s and in the 1950s, European countries agreed to cooperate

with each other in several economic and political fields. In 1948 the Benelux was

established. Its aims were stimulation of international trade and a broadening of con-

vertibility of European currencies. In the same year the Organisation for European
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6.2 Monetary Regimes

Economic Cooperation (OEEC) was established whose task it was to divide donations

of the Marshall Plan (MP) among European countries. The execution of the MP can

also be seen as having been beneficial for the integration among European countries.

These had to cooperate in the OEEC. Furthermore, the U.S.A. demanded commitment

to the market system in their bilateral agreements with European countries because it

would in their opinion be beneficial for Europe’s reconstruction. This implied a same

kind of rearrangement in the economic system among the European countries, which

made them more similar.

In 1951 the European Coal and Steel Community (ECSC) was established. The par-

ticipating countries were those of the Benelux, West-Germany, France, and Italy. This

community had several supranational governmental institutions that were a first step

towards a complete European community. The ECSC was the forerunner of the Euro-

pean Economic Community (EEC), which was established in 1957 with the signing

of the Treaty of Rome. Its objectives were to establish a common European market by

convergence of the economic policies, stability in Europe, increased living standards,

and political integration. Already in the early 1960s, there were plans for monetary

integration towards an EMU. However, it lasted until 1971 before political decisions

were made on the procedure towards monetary integration. The objectives of the union

that were stated were convertibility of currencies, a system of central banks, integrated

economic policy on community level, and subjection of the common monetary policy

to the European Parliament.

In the exchange rate arrangement among European Community currencies in the

1970s, it was agreed to let the currencies float in a margin of 2.25% below and above

parity. The countries that participated in the IMF set their currencies on a parity in

terms of the U.S. dollar. In 1979, after a period in which two breakdowns of the

exchange rate arrangement had taken place, the European Monetary System (EMS)

was established. In this system unilateral intervention took place in case of a possible

crossing of the margins of 2.25% below and above parity of a currency. The parity

was set in terms of the ECU (European Currency Unit) of which the value was based

on all currencies in the system. In the same year, the United Kingdom was the first to

radically resolve restrictions on capital flows after two decades of a fluctuating num-

ber of effective capital restrictions among European countries. It would last until the

early 1990s before full liberalisation was achieved.

In the late 1970s the process towards a monetary union came to a standstill. There

were some gradual developments in the 1980s though, towards a common market and

towards political integration. In this process, capital restrictions were released. The

increased cooperation among the member states led to a restart of consultations on the

establishment of an Economic and Monetary Union (EMU). In 1990 the first of three
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

stages was started that were to result into a union as described in the Delors report

that was presented in 1989. Economic and political cooperation was to be intensified

during this stage. Furthermore, all EC countries were to enter the ERM (Exchange

Rate Mechanism). Stage 2 was started in 1994, after the Maastricht Treaty had come

into effect in November 1993. During this stage, budgetary and monetary policies had

to converge further. The European Monetary Institute (EMI) was established, which is

the forerunner of the European System of Central Banks (ESCB), which includes the

European Central Bank and the national central banks of the member states of the EU

(see Vanthoor, 1996, for a more elaborated description of post-war developments in

Europe). The last stage was entered in 1999 when the currencies of the participating

countries were irreversibly attached to each other.

Regime Division The empirical work presented in this chapter deals with the con-

sequences of both exchange rate regime changes and changes in degrees of capital

mobility. Figure 6.1 contains the graphs of the exchange rates in the period 1960-

1998. The exchange rates are expressed as German Mark to the domestic currency,

for Germany as the German Mark to the U.S. Dollar, and for the United Kingdom the

U.S. Dollar to the British Pound. The reason for choosing the U.S. Dollar to the British

Pound series is that exchange rate policy was aimed at this exchange rate during the

Bretton Woods period and the United Kingdom did not participate in the EMS as the

other countries did. The devaluation of the British Pound in 1967 during the sterling

crisis is clearly visible.

The exchange rate of the German Mark against the US dollar is assumed to be the

appropriate series to determine the exchange rate regime. Until 1971 exchange rate

regimes operated symmetrically: with a fixed dollar parity any currency had to adjust

to the dollar standard. During the ERM among European countries, there were sym-

metric agreements about interventions to support the exchange rate in terms of the

ECU. This would mean that if an exchange rate is fixed for one country, it will be

considered fixed for the other as well. However, in case one of the countries acts as

a leader and the others as the followers, the followers can consider the exchange rate

to be fixed while the leader can perform as if the exchange rate of its domestic cur-

rency against foreign currencies were flexible. Buiter and Corsetti (1995) formulate

a model with which realignments in the ERM can be explained. The periphery coun-

tries (followers) in this model cooperate in such a way that all costs and benefits in

protecting the fixed exchange rate after a shock are equally divided. They argue that a

shock to the so-called center country (leader) may cause an exchange rate crisis due to

a rational choice of the periphery for non-cooperation. The ERM crisis of 1992-1993

is consistent with the model outcome where Germany is regarded as the center coun-

try. Therefore, we conclude that the exchange rate for Germany cannot be considered
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Figure 6.1 Exchange rates: 1960-1998
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fixed in the ERM in the way as we do for the other countries, and therefore we choose

the Mark-Dollar rate as the exchange rate that reflects the exchange rate regime for

Germany.

The exchange rates of the Western European currencies in terms of each other and also

of the American dollar became flexible after the break down of the Bretton Woods

system in 1969 (and 1971 for the United Kingdom). The exchange rate system was

not one of freely floating rates, but of managed floating exchange rates since there

were margins between which the exchange rates were to be held. The years in which a

second fixed exchange rate period started does not correspond with the ERM that was

based on the ECU or the DM (Deutschmark). Except for the United Kingdom, these

countries entered the ERM on 13 March 1979. After this date it takes in most cases a

number of years before the course of the exchange rate behaves as a fixed rate.
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

During the 1960s and 1970s capital restrictions were applied, whereas they were grad-

ually abandoned in the 1980s on account of the European integration towards one large

market. In the 1960s, capital controls were applied to maintain the fixed exchange rate

of the currencies that were pegged to the dollar. In the 1970s they were used with a

similar aim, namely to maintain the exchange rate within the bands above and below

parity in terms of the dollar. The existence of capital restrictions does not necessar-

ily imply that they are effective. Restrictions may concern inflows or outflows and

may not be restrictive enough to affect the internal interest rates. In a later section, we

describe an indicator for capital restrictions that measures their effectiveness by the

difference between internal and external interest rates.

We now give a few examples of capital restrictions in the countries in our data set.

Among other central banks, the National Bank of Belgium imposed a number of cap-

ital restrictions in the 1960s, such as limits on cash holdings of foreign currencies and

on cash holdings of Belgian francs by non-residents. In the early 1970s, the balance

of payments showed a large surplus (current account plus capital account), which co-

incided with an increase of the stock of money. The near-overheating of the economy

encouraged the Belgian national bank to introduce new controls on international cash

flows, with which it could slow the economy down. In the 1970s and 1980s the Bel-

gian franc had two exchange rates. One was applied for capital transactions and one

for the transactions of goods. The managed exchange rate was applied to all current

account transactions, whereas capital transactions could be executed at a free floating

exchange rate.

An example of German capital controls was the Bardepot Scheme in 1972-1974. The

controls on capital inflows reduced foreign demand for domestic assets (see Neely,

1999). The reason were balance of payments surpluses. The monetary authorities

could increase the domestic interest rate and thus generate downward pressure on

the money stock and the inflation rate. The controls on the inflows also prevented a

revaluation that might be needed to restore the balance of payments surpluses. With-

out the capital restrictions, the revaluation of the German Mark would have negatively

affected the current account. So this revaluation would have had the same correcting

effect as the capital restrictions on inflows on the balance of payments surpluses.

The Italian central bank handled with exchange rate crises in the 1960s by sterilisa-

tion via subjection of the banks to a zero net foreign position (Fratianni and Spinelli,

1997). The lack of implementation of more traditional measures as an increase of the

discount rate, a devaluation or imposing capital constraints drained the foreign re-

serves. Monetary policy in the 1970s was aimed at low interest rates in order to enable

the government to issue cheap government bonds to deal with the accelerating budget

deficits. In order to effectuate this policy, banks had to convert assets into government
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bonds and an extensive package of capital restrictions was introduced to prevent a

massive outflow of capital. Because of the complexity of the regulations to control the

asset sides of the banks’ balance sheets, they appeared to be not very effective and

soon the central bank directly intervened in the credit issuing practice of the banks.

The budgetary deficits kept growing, which resulted in an increasing inflation rate and

exchange rate crises, which isolated Italy’s financial market from those abroad. In the

1980s capital controls were gradually abolished. The forcing stimulus behind these de-

velopments was the entrance into the EMU. Inflation rate differences caused problems

when the exchange rates became fixed in the late 1980s. The negative developments

in the terms of trade and the high fiscal debt resulted into Italy’s departure from the

ERM in September 1992. It re-entered the ERM in November 1996.

Concluding, we can make a rough division in regimes following the model in the

previous chapter. The 1960s were a period with fixed exchange rates and relatively

restricted capital flows. The period following the Bretton Woods system up to the

start of the next fixed exchange rate period is characterised by flexible exchange rates,

or managed floating exchange rates, and diminishing capital controls. In the United

Kingdom, a flexible exchange rate regime without capital controls started in 1979.

The other countries had a fixed exchange rate period that started somewhere in the

1980s with no or relatively few capital restrictions.

6.3 Phillips Curve Hypotheses

In the theoretical model presented in the previous chapter, the effects of capital re-

strictions and the exchange rate regime depend on the interest rate and exchange rate

elasticities of output (σ andη). Further, in the regime with capital restrictions they also

depend on the interest rate elasticity of money (λ) and on the ratio of marginal propen-

sity to save and import to the marginal propensity to save (γ, see Equation (5.31) on

page 79). In the fixed exchange rate regime, the elasticities of the trade balance (Xy

andXq) also matter. Table 6.1 repeats the hypotheses formulated in Chapter 5.

This section determines the hypotheses we test in this chapter. The values of the elas-

ticities in the conditions that are mentioned in Table 6.1 determine the expected di-

rection of the shift of the Phillips curve after a regime change. We therefore need

estimates of or assumptions on these elasticities. Lounganiet al.(2001) use estimated

elasticities from Papell (1988) to determine the sign of the hypothesised effects from

capital restrictions in a flexible exchange rate regime. Papell uses estimates ofη = 0.87

andσ = 0.40 for Germany, for the period 1973-1984 (in which the exchange rate was

flexible). Further Lounganiet al. assumeγ to be between 1 and 2. This leads to a
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lowered trade-off between inflation and unemployment in the flexible exchange rate

model (σγ < σ + η), after implementation of capital controls.

The effect of capital restrictions in a fixed exchange rate regime depends on the relative

sizes ofXy/Xq and 1/(σ + η). The first can be rewritten as:

Xy

Xq
=

1
η
−

1− Ay

Xq

Comparison ofXy/Xq and 1/(σ + η) leads to:

if
1− Ay

Xq
< (>)

1
η
−

1
σ + η

then
Xy

Xq
> (<)

1
σ + η

We assume that the marginal propensity to save is small compared to the trade balance

responsiveness to international competitiveness
(
(1− Ay)/Xq

)
and that (1− Ay)/Xq <

1/η − 1/(σ + η). Given the estimates ofσ andη, this implies that (1− Ay)/Xq < 0.36.

The conditions for a steeper or a flatter Phillips curve in Table 6.1 show that, given the

estimates of Papell, we expect the trade-off between inflation and unemployment to

become larger after fixing the exchange rate, in case of capital mobility (σ+η > 1). In

case of capital restrictions, the assumptions onσ andγ and a low value for (1−Ay)/Xq

(so thatXq/Xy ≈ η ≈ 0.87), the conditionXq/Xy < σ+η is met. Since the interest semi-

elasticities of money have values close to zero, the ratio (1+λ)/(1+ [λ/(σγ)]) is close

to 1, so that:

0.87≈
Xq

Xy
<

1+ λ

1+ λ
σγ

This corresponds to the conditionXyσγ(1+ λ) > Xq(λ + σγ).

Given the estimates of Papell (1988) and assumptions onγ and (1− Ay)/Xq, we can

now derive four hypotheses on the effects of capital restrictions and fixing the ex-

change rate. The first hypothesis in Table 6.1 follows fromσγ < σ + η. Given Pa-

pell’s estimates, the interest rate elasticity of output in case of capital restrictions (σγ)

is smaller than the sum of the interest rate and real exchange rate elasticity of out-

put (σ + η) in case of no capital controls. In such case, the inflation output trade-off

will decrease through implementation of capital controls. These controls reduce the

responsiveness of output to the real interest rate, which results in a lower responsive-

ness of the unemployment rate to inflation changes. We assume the same effect in the

fixed exchange rate regime, based on the assumption (1− Ay)/Xq < 1/η − 1/(σ + η).

Therefore, hypothesis II states that the trade-off will decrease if capital restrictions are

implemented in a fixed exchange rate regime.

Hypothesis III concerns the effect of fixing the exchange rate if free capital mobil-

ity exists. The assumptions with respect to the elasticities imply that the sum of the
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elasticities of output (σ + η) is larger than unity. This implies that output is sensitive

enough to the real interest rate and real exchange rate to increase the unemployment

rate’s sensitivity to inflation changes. If the exchange rate is fixed, the Phillips curve

slope is determined by these two elasticities only (slope:-1
σ+η

). The interest rate elas-

ticity of money (λ) does not affect the trade-off if exchange rates are fixed. Ifσ+η > 1,

the omission of the money market effect results in an increased trade-off.

Finally, hypothesis IV implies that fixing the exchange rate increases the inflation-

output trade-off during periods of restricted capital. The assumption made here with

respect to the elasticities is more complicated than in the previous case. Fixing the

exchange rate in case there is no capital mobility implies on the one hand that the

money market effect is removed from the unemployment-inflation relation and on

the other hand that the output and real exchange rate elasticity of the trade balance

determine the Phillips curve slope.

Table 6.1 Effects on the inflation-output trade-off of capital restrictions and exchange rate
regime: hypotheses I to IV

flexible
exchange
rates

capital restrictions
σγ < σ + η

}
→

inflation-output
trade-off↓

: I

capital restrictions
σγ > σ + η

}
→

inflation-output
trade-off ↑

fixed
exchange
rates

capital restrictions
Xq < Xy(σ + η)

}
→

inflation-output
trade-off ↓

: II

capital restrictions
Xq > Xy(σ + η)

}
→

inflation-output
trade-off ↑

capital
mobility

fixing exchange rates
σ + η < 1

}
→

inflation-output
trade-off ↓

fixing exchange rates
σ + η > 1

}
→

inflation-output
trade-off↑

: III

capital
restrictions

fixing exchange rates
Xyσγ(1+ λ) < Xq(λ + σγ)

}
→

inflation-output
trade-off ↓

fixing exchange rates
Xyσγ(1+ λ) > Xq(λ + σγ)

}
→

inflation-output
trade-off↑

: IV

inflation-output trade-off ↓: trade-off decreases, which implies a steeper Phillips curve
inflation-output trade-off ↑: trade-off increases, which implies a flatter Phillips curve
σ + η: real interest rate plus real exchange rate elasticity of aggregate demand;λ: interest
elasticity of money demand;σγ: real interest rate elasticity of aggregate demand in case of
capital restrictions;Xy: income elasticity of the trade balance;Xq: real exchange rate
elasticity of the trade balance
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6.4 Regime Distinguishing Data

The models in Section 6.6 are used to search for empirical support for the hypotheses

presented in the previous section. These are estimated with data for Belgium, France,

Germany, Italy, the Netherlands, and the United Kingdom. The series start, where

possible, in 1960 and end in 1998. In 1999 the single currency area of the EMU started,

which in fact means that an episode of flexible exchange rates began (with exception

of the United Kingdom) with the non-EMU countries. In a single currency area with

flexible exchange rates, the total money amount of the total area is exogenous, but

cannot be set freely by each member country in this area. Therefore a new regime

started in 1999.

To test for differences in Phillips curve slopes between several regimes, we need time

series that we can use to distinguish between these regimes. This section deals with

the time series that are used to discern fixed exchange rate periods from flexible ex-

change rate periods, and make a distinction between regimes of capital mobility and

of restricted capital flows.

6.4.1 Exchange Rate Regimes

The exchange rates in the 1960s under the Bretton Woods regime were fixed. The

system collapsed for the continental European countries at the end of 1969. For the

United Kingdom the exchange rate remained fixed up to and including 1971. After

1971 the exchange rate of British Pound is regarded as flexible. The exchange rate

of the German Mark is regarded as flexible for the period immediately after Bretton

Woods and also during the ERM among European countries, since Germany is the

center country in the ERM (see Section 6.2). The Bretton Woods system was followed

by a managed floating system, the so-called snake arrangement, in which exchange

rates were to float between margins around parity in terms of the U.S. Dollar. The years

in which this chapter considers an exchange rate to be fixed is determined by some

important dates in the history of the EMS. In March 1979, the EMS started. Only the

Dutch Guilder exchange rate (apart from the Austrian Schilling, not considered here)

managed to behave as a fixed rate against the German Mark from this date on, except

for a devaluation in 1983. The other currencies (Belgian Franc, French Franc, and the

Italian Lira) experienced a number of realignments in the EMS before they started to

behave as fixed exchange rates. In 1983, a realignment took place that brought some

stability. From this year on the Belgian Franc is regarded as fixed. The EMS agreement

made in Nyborg in 1987 had a stabilising effect on the French Franc and the Italian

Lira. The Italian Lira left the EMS at the end 1992 and entered again in 1996. These

dates that lead to a split up per country in fixed and flexible exchange rate years can be
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found in Vanthoor (1996). Figure 6.2 shows the periods in which the exchange rates

are fixed. In the years in which the exchange rate was subject to a managed floating

system, the exchange rates are regarded as flexible.

Figure 6.2 Flexibility of exchange rates
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6.4.2 Capital Mobility Regimes

Section 6.6 contains results for models with a number of different indicators for capital

controls. These indicators are presented in this subsection.

IMF Indicator The first indicator is a dummy variable from the IMF data base, which

is also used in the study by Shambaugh (2002). It distinguishes between periods in

which according to the data definition ‘restrictions on payments for capital transac-

tions’ exist and periods in which they do not. The effectiveness of the controls is not

reflected in this series. Shambaugh uses series that start in 1973. We extended the

series with the assumption that during the Bretton Woods system these capital restric-

tions existed. Further, we assumed that in the countries where free capital mobility

according to the IMF series first existed later than 1973 (all but Belgium and Ger-

many) the capital restrictions continued to exist after 1970 until this date. Further, in

the cases of Belgium and Germany, according to the IMF series capital mobility ex-

isted from 1973 onwards and it is assumed that it also existed in the years 1970-1972,

so after the end of the Bretton Woods period. Figure 6.3 shows in which periods each
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

country had no capital controls. An advantage of this capital controls indicator is that

it is available for many countries. Further, indicators that are based on interest rates

may be affected by factors other than capital restrictions. On the other hand, capital

controls as those that are mentioned in the Section 6.2 as the Belgian double exchange

rate system and the Bardepot Scheme in Germany are not covered by this IMF defini-

tion of capital restrictions since according to these series Belgium and Germany were

both free of capital controls from 1973 and onwards. It seems that these particular IMF

data are not a good indicator for the existence of capital controls that enable domestic

monetary authorities to let the domestic interest rate deviate from the foreign one.

Figure 6.3 Existence of capital controls (IMF)

Belgium
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Germany

Italy

The Netherlands

United Kingdom

1960 1998

1960 1998

1970 1980 1990

79

75

Free capital mobility: = = =
Source: Statistics on Exchange Arrangements and Exchange Restrictions of IMF

Indicators Based on Interest Rate DifferencesDespite the disadvantage of the pos-

sibility of measuring effects other than capital controls effects, we also estimated mod-

els with a capital restrictions indicator that is based on interest rate differences. This

indicator is capable of reflecting the extent to which the restrictions are effective. The

indicator is based on the difference between the domestic and foreign interest rate

for each country. It needs to account for expected exchange rate changes. The differ-

ence between these two interest rates may increase if capital controls are effectively in

place. For the internal interest rate we use series of 3-month interbank rates, treasury

certificate interest rates, and other 3-month zero-risk interest rates. The external inter-

est rate is, if available, the 3-month Euro-domestic currency interest. This interest rate
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is not subject to exchange rate changes since it concerns assets that are in terms of the

domestic currency. They are traded on a foreign market, which implies that they are

not subject to possible capital restrictions the domestic monetary authorities activated

on the domestic capital market. In case the 3-month Euro-domestic currency interest

rate is not available, the external interest rate is constructed using the dollar interest

rate and a spot and forward exchange rate and is calculated in the following way:

iext = i$ +
F − S

S

wherei$ is the 3-month euro dollar rate,F the 3-month forward exchange rate andS

is the spot exchange rate, both vis-á-vis the dollar. The expression shows the interest

that is involved in investing on the euro dollar market while cancelling out exchange

rate risk by buying dollars on the forward exchange market.

Figure 6.4 Capital restrictions indicator indt = |iext− i int |

Belgium

0

2

4

6

8

10

12

1960 1965 1970 1975 1980 1985 1990 1995

France

0

2

4

6

8

10

12

1960 1965 1970 1975 1980 1985 1990 1995

Germany

0

2

4

6

8

10

12

1960 1965 1970 1975 1980 1985 1990 1995

Italy

0

2

4

6

8

10

12

1960 1965 1970 1975 1980 1985 1990 1995

Netherlands

0

2

4

6

8

10

12

1960 1965 1970 1975 1980 1985 1990 1995

United Kingdom

0

2

4

6

8

10

12

1960 1965 1970 1975 1980 1985 1990 1995

Sources: OECD data base, International Financial Statistics data base of the IMF
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One of the capital restrictions indicators that are used in the estimated models is:

indt = |i
ext
t − i int

t | (6.1)

whereindt denotes the indicator. Many empirical studies use a similar indicator, see

e.g.Kumhof (2001) and Gruijters (1995). Figure 6.4 shows the plotted graphs of the

calculated capital restrictions indicators as in Equation (6.1). The data sources of the

series that are used to construct this indicator are in Appendix 6.A. The graph of Bel-

gium shows extremely high interest rate differences during the 1970s. This indicates

rather effective capital restrictions during those years. The interest rate differences of

Italy start in 1977 due to limited data availability and remain relatively high in the

1980s, despite the policy of abolishment of capital restrictions. The abolishment in

the United Kingdom in 1979 is clearly reflected in the low interest rate differences

after that year.

Alternative Interest Rate Difference Indicators The other indicators that are used

are slight modifications of indicator (6.1). The first alternative isindt = iext
t − i int

t .

The entries of this variable can both have a positive or a negative sign. In case a

variable containing this indicator is found to have a significant parameter, it would

mean that capital restrictions on inflows have an opposite effect to capital restrictions

on outflows.

The second alternative is defined by:

indt,neg≡ (iext
t − i int

t )neg=

{
iext
t − i int

t , if iext
t < i int

t
0, otherwise

This indicator has a negative value in the years that the external interest rate is smaller

than the internal interest rate. In other years the indicator is zero. This implies that

only the years in which capital inflows are restricted are indicated as years in which

capital controls are in place.

The last indicator is the opposite ofindt,neg: (iext
t − i int

t )pos and is defined analogously:

indt,pos≡ (iext
t − i int

t )pos=

{
iext
t − i int

t , if iext
t > i int

t
0, otherwise

This indicator always has a positive sign, and a non-zero value if there are effective

restrictions on capital outflows.

The indicator based on interest rate differences bears the risk that it also reflects dif-

ferences in preferences among investors. This is largely caught by the interest rates

concerning both assets in terms of the same currency. On the other hand, this mea-

sure for effective capital restrictions might indicate no serious restrictions on capital
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flows, despite that there are. The interest rates might differ a little because the domes-

tic monetary policy affects the domestic interest rate in such a way that it nears the

external interest rate. In this case, the capital restrictions could just as well not have

existed. The free international capital flows would also have brought the interest rates

together. In this case, the capital restrictions are effective in the sense of restricting

capital flows but ineffective in the sense of enabling the establishment of interest rate

differences. We assume by using an indicator based oniext
t − i int

t that one of the results

of effective capital restrictions is at least an interest rate difference. Further, this indi-

cator assumes that if there are no capital restrictions, capital will move freely to the

area of the foreign interest rate. The indicator is not applicable to areas that would not

be interested in each other’s capital despite absence of restrictive measures established

by authorities.

Table 6.2 contains some descriptive statistics of the interest rate differences. In case

either negative or positive values occur much more often than the other, they might be

able to explain differences in estimation results of models with the various indicators.

We conclude from the statistics in this table that they cannot. Positive interest rate dif-

ferences occurred approximately as often as negative differences and also the average

sizes in absolute value did not diverge much.

Table 6.2 Statistics on interest rate differences, 1960-1998

total iext
t − i int

t < 0 iext
t − i int

t > 0
number 212 102 110
average 0.33 -1.4 1.9

6.5 Estimation Methods

For the testing of the hypotheses we use a pooled data set, assuming that the Phillips

curve slope is equal across the countries in our data set. Using this method we gain

degrees of freedom compared to estimation per individual country, for which in case of

some regimes only a few data points may be available. Further, we applied fixed effects

and instrumental variables. The choice for these procedures is based on a number of

tests results.

Fixed or Random Effects The base model can be represented as:

πit = ci + α0π
E
it + α1uit + εit , i ∈ {B, F,G, I ,N,U} (6.2)

whereπit is the inflation rate in countryi, πE
it the expected inflation rate in countryi,

uit the unemployment rate in countryi, andεt = (εBt...εUt)′ is the error term, which is
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independently and identically normally distributed (i.i.n.d.). (The subscriptsi stand for

Belgium, France, Germany, Italy, Netherlands, and United Kingdom.) This is a base

model in which no account is taken of exchange rate regimes or capital control effects.

The parametersα0 andα1 are assumed to be equal across countries. The system can

be estimated with fixed or random effects. In the first case a country specific intercept

is estimated, soci , i ∈ {B, F,G, I ,N,U} are six different estimated constants. In case

of random effects a common intercept is estimated, as well as a time-invariant cross-

section specific random variable. Thenci = c̄+ vi , wherec̄ is a scalar andEviεit = 0,

i ∈ {B, F,G, I ,N,U}. This method assumes that the individual effects are uncorrelated

with the regressors. We applied a Hausman test to decide whether the model should

be estimated with fixed or random effects. The null hypothesis states that individual

effects are uncorrelated with the other variables. The alternative is that they are not

and that the model should be estimated using fixed effects. The test is a Wald statistic

that has aχ2
k distribution wherek is the number of non-intercept variables, which is

equal to 2 in this model. The test statistic is:

(bFE − bRE)′{Var[bFE] − Var[bRE]}−1(bFE − bRE)

whereb is a (2×1)-vector of the non-intercept parameters,FE denotes fixed effects

andRE denotes random effects, andVar is the coefficient variance matrix of the ac-

cording parameter vector. Table 6.3 contains the test results for the general model for

three sets of data, namely the whole set, the data of the flexible exchange rate years,

and the fixed exchange rate years (see Figure 6.2). The test outcomes show that in all

cases that the hypothesis that the individual effects are non-correlated with the other

variables must be rejected, at the 5% significance level. Under the null hypothesis

both the fixed effects and the random effects estimations are consistent, under the al-

ternative hypothesis only the fixed effects estimations are consistent. The fixed effects

specification is chosen for the model to be estimated.

Table 6.3 Hausman test, fixed effects and random effects versus fixed effects

Wald statistic p-value
1960-1998 35.99 0.0%
flexible exchange rate 31.29 0.0%
fixed exchange rate 6.10 4.7%

Instrumental Variables It is not likely that the parameters in system (6.2) are all

identified. The variablesπE
t andut are not likely to be exogenous. Using instrumen-

tal variables it is guaranteed that the estimated parameters are at least consistent. We

choose a set of instruments per country that contains the expected inflation rates and

unemployment rates of the other countries. We applied a Hausman type test that is
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a Wald statistic, with aχ2
1 distribution. The null hypothesis says that both the Ordi-

nary Least Squares (OLS) and the Two Stage Least Squares (2SLS) estimations are

consistent, given a set of instruments. So, the set of instruments does not have an im-

proving effect on the outcomes. The alternative states that only the 2SLS estimations

are consistent.

Table 6.4 Hausman test, 2SLS and OLS versus 2SLS (IV: other countries’ right-hand side
variables)

Wald statistic p-value
1960-1998 18.47 0.0%
flexible exchange rate 9.72 0.2%
fixed exchange rate 2.81 9.4%
fixed exchange rate
extended set of IV 17.49 0.0%

The test results are in Table 6.4. The consistency of both OLS and 2SLS is accepted

at the 5% significance level for the fixed exchange rate years. If we extend the data

set with the lagged unemployment rate of the other countries, in each equation, the

Hausman test rejects consistency of both estimation methods, in favour of using the

2SLS estimation. So, we use two sets of instrumental variables. The original set for

the models for the 1960-1998 period and the for the flexible exchange rate periods,

and an extended set for the fixed exchange rate periods:

instruments for equationj:

{
{πE

it ,uit ,ui,t−1}, i , j, if fixed exchange rates
{πE

it ,uit }, i , j, otherwise

for i, j ∈ {B, F,G, I ,N,U}.

6.6 Estimation Results

This section is subdivided into subsections that discuss the estimation: estimation re-

sults for the base model (Section 6.6.1), for the models testing hypothesis I (Section

6.6.2), hypothesis II (Section 6.6.3) and for hypotheses III and IV (Section 6.6.4).

First we discuss some test procedures. These procedures are applied to the results of

the various implementations of Equation (6.2). The variable notation is changed into

stacked variables:πt = (πBt...πUt)′, ut = (uBt...uUt)′, etc.

We give a Wald statistic for the restriction that the expected inflation parameterα0

equals 1. Thep-value of the test is reflected in parentheses. We present the Durbin

Watson (DW) statistic for the joint equations to test for autocorrelation in the error
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term. The critical values differ per model since the number of data points and number

of regressors differ. The series that is used forπE
t (expected inflation rate) for the

period 1961-1973 is the lagged inflation rate (see Appendix A of this thesis). This

may affect validity of theDW statistic since inclusion of the lagged dependent variable

usually biases theDW toward not rejecting the assumption of no autocorrelation. This

problem is most present in the models that include only the fixed exchange rate period.

We add aQ-statistic3 (Portmanteau test) for each model to test the randomness based

on the first two autocorrelations. The test statistic has aχ2
2 distribution with a critical

value of 5.99 at the 95%-level. Further, an equivalent to the so-calledF-test on the

fit of the model is reflected for all model specifications. This is a Wald test on the

restriction that all parameters except the intercepts equal zero (Wald(fit)). None of

these statistics suggest acceptance of this restriction.

Next to affecting the validity of theDW statistic, the entries of the years 1960-1973

are likely to generate biased estimation results. To examine this, we estimated model

equations for the period starting in 1974 using either the OECD expected inflation rate

or the proxy to compare the results. We estimated the models for the flexible exchange

rate period, the fixed exchange rate period, and for the whole 1974-1998 period. The

comparison showed (for all estimations) that the parameter of lagged inflation was

consistently lower and positive. This means that a model with lagged inflation as a

proxy for the expected inflation rate underestimates the effect of expected inflation

on the current inflation rate. Moreover, the parameter of unemployment was lower

and negative in the models with lagged inflation. This would imply a steeper Phillips

curve in case lagged inflation is used. The differences in outcomes may be driven by

the high inflation years, where the differences between lagged inflation and expected

inflation are larger. We also estimated for a shorter range starting in 1985 and found

the same pattern in differences although they were smaller. Therefore, if we assume

that the effect of using a proxy is analogous for the pre-1974 period to that of the

post-1974, we bear in mind that the estimation outcomes for the models that include

the 1961-1973 period are biased downwards.

6.6.1 Estimation Results Base Models

This subsection contains results of models in which none or only one of both kinds

of regimes are distinguished (exchange rate and capital mobility regime). Table 6.5

shows the results for Equation (6.2), which is the base model in which no regimes at

all are distinguished, for the whole data set of 1960-1998. The parameters are signifi-

cant and have the expected sign. Theα0 parameter is significantly larger than 1. This

3Q = k
∑2
τ=1

∑k
t=τ+1(εt−ε̄)(εt−τ−ε̄)∑k

t=1(εt−ε̄)2
, k = number of observations.
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would imply in our theoretical model that the expected inflation rate is lower than the

flex-price inflation rate, meaning that the next period’s inflation rate without distur-

bances is underestimated. TheDW statistic and theQ test do not reject that there is no

autocorrelation.

Table 6.5 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model (1960-1998)

πt = ci + α0π
E
t + α1ut + εt

estimate t-statistic
α0 1.084∗∗∗ 30.13
α1 -0.117∗∗∗ -3.24
cB 0.004 1.11 R2

B= 0.76
cF 0.005 1.21 R2

F= 0.85
cG 0.003 0.81 R2

G= 0.71
cI 0.011∗∗ 2.22 R2

I= 0.81
cN 0.003 0.87 R2

N= 0.72
cU 0.009∗∗ 2.11 R2

U= 0.84

Wald(α0 = 1)= 5.42 (2%) DW= 2.00
Wald(fit) = 954.14 (0%) Q = 0.93

πt: inflation
πE

t : expected inflation
ut: unemployment rate
εt: i.i.n.d. error term

Subscripts: B=Belgium,F=France,G=Germany,I=Italy, N=Netherlands,U=United
Kingdom;Significance: ∗ at 10%-level;∗∗ at 5%-level;∗∗∗ at 1%-level;
R2

i : R2 of sub-samplei ∈ {B, F,G, I ,N,U};
Wald(′restriction′): Wald statistic of concerning parameter restriction;
Wald(fit): Wald statistic of restriction that all non-intercept parameters are equal to 0;
DW: Durbin Watson statistic for the pooled estimation;
Q: Portmanteau test on first two autocorrelations (5% critical value=5.99)

The next model distinguishes between fixed and flexible exchange rate regimes, but

does not include effects of capital controls. The exchange rate regimes are determined

on the basis of important dates in the history of the EMS which are reflected in Figure

6.2. The estimation results are in Table 6.6. The coefficientsα1 andα2 are not signif-

icantly different from each other according to the Wald statistic of 0.73. This means

that the hypothesis that the slopes are equal through fixed and flexible exchange rate

regimes is not rejected. Based on the theoretical model of the previous chapter, we

would expect to find that the slope would be less steep under fixed exchange rates

(both under capital mobility and under capital restrictions, hypotheses III and IV),

meaning a larger trade-off. This would implyα1 > α2; α1, α2 < 0.
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Table 6.6 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model (1960-1998), fixed and flexible exchange rate regimes

πt = ci + α0π
E
t + α1uf ix

t + α2uf lex
t + εt

estimate t-statistic
α0 1.106∗∗∗ 24.93
α1 -0.094∗∗ -2.10
α2 -0.141∗∗∗ -3.06
cB 0.003 0.67 R2

B= 0.77
cF 0.004 0.81 R2

F= 0.86
cG 0.003 0.88 R2

G= 0.70
cI 0.010∗ 1.87 R2

I= 0.80
cN 0.002 0.39 R2

N= 0.71
cU 0.009∗∗ 2.01 R2

U= 0.85

Wald(α0 = 1) = 5.68 (2%) DW= 2.02
Wald(α1 = α2)= 0.73 (39%) Q = 1.15
Wald(fit) = 943.58 (0%)

uf ix
t : unemployment rate in fixed exchange rate years

uf lex
t : unemployment rate in flexible exchange rate years

For further information on table contents, see Table 6.5 on page 129

If we allow for regime dependent expected inflation parameters, we do find two signif-

icantly different slope parameters. Table 6.7 contains the results for such a specifica-

tion. The Wald statistic of 4.55 shows that the hypothesis ofα1 = α2 is rejected at the

5% significance level. The estimated fixed exchange rate parameterα1 is higher than

α2 as we expect to find. The lowerα f ix
0 parameter may be biased by the proxy forπE

t

for 1960-1973. Estimation results of the model with the proxy for all years show lower

values ofα0. The assumed effect of the proxy forπE
t on the slope parameters is that

it is biased downwards (while negative). This means thatα1 would have been higher

(and negative) and strengthens the conclusion thatα1 > α2, α1, α2 < 0. The question

may remain whether the significance of the difference betweenα1 andα2 (and be-

tweenα f ix
0 andα f lex

0 ) is driven by the exchange rate regime or by the stagflation years

in which the exchange rate was mostly flexible. Theα
f lex
0 parameter is significantly

larger than 1, indicating underestimation of the flex-price inflation rate in the next pe-

riod. The high inflation years in the 1970s are captured in the flexible exchange rate

period, which is consistent with underestimation of the next period’s inflation rate.

Tables 6.8 and 6.9 present the results of models in which a capital controls indicator

is implemented, without a distinction between exchange rate regimes. This model can
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Table 6.7 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model (1960-1998), fixed and flexible exchange rate regimes – Expected inflation
parameter is regime dependent

πt = ci + α
f ix
0 π

E, f ix
t + α

f lex
0 π

E, f lex
t + α1uf ix

t + α2uf lex
t + εt

estimate t-statistic
α

f ix
0 0.828∗∗∗ 5.83
α

f lex
0 1.093∗∗∗ 25.11
α1 -0.075∗ -1.68
α2 -0.231∗∗∗ -3.75
cB 0.009∗ 1.74 R2

B= 0.78
cF 0.010∗∗ 1.82 R2

F= 0.88
cG 0.008∗∗ 1.91 R2

G= 0.72
cI 0.018∗∗∗ 2.78 R2

I= 0.81
cN 0.008 1.58 R2

N= 0.70
cU 0.016∗∗∗ 2.90 R2

U= 0.86

Wald(α f ix
0 = 1) = 1.47 (23%) Wald(fit)= 1004.84 (0%)

Wald(α f lex
0 = 1)= 4.55 (3%) DW = 2.07

Wald(α1 = α2) = 3.97 (5%) Q = 2.47

π
E, f ix
t : expected inflation in fixed exchange rate years
π

E, f lex
t : expected inflation in flexible exchange rate years

uf ix
t : unemployment rate in fixed exchange rate years

uf lex
t : unemployment rate in flexible exchange rate years

For further information on table contents, see Table 6.5 on page 129

be represented by:

πt = ci + α0π
E
t + α1ut + α2utindt + εt, i ∈ {B, F,G, I ,N,U}

We use two capital control indicators that are discussed in Section 6.4: the IMF indica-

tor andindt = |iext
t − i int

t |. We expect the capital restrictions to lower the inflation-output

trade-off (hypotheses I and II, see Table 5.1). This would mean a negative effect on the

negative slope if we take both exchange rate regimes together. Bothα1 andα2 would

then be negative. The results show that both indicators do not have a significant effect

on the slope parameter (α2 is insignificant). The autocorrelation statistics do not reject

the absence of autocorrelation.
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Table 6.8 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model – capital restrictions (1960-1998), IMF indicator

πt = ci + α0π
E
t + α1ut + α2utindIMF

t + εt

estimate t-statistic
α0 1.088∗∗∗ 27.91
α1 -0.118∗∗∗ -3.24
α2 -0.019 -0.28
cB 0.004 1.09 R2

B= 0.77
cF 0.006 1.21 R2

F= 0.85
cG 0.003 0.79 R2

G= 0.71
cI 0.012∗∗ 2.06 R2

I= 0.80
cN 0.003 0.86 R2

N= 0.72
cU 0.009∗∗ 2.11 R2

U= 0.84

Wald(α0 = 1)= 5.08 (2%) DW= 2.00
Wald(fit) = 946.08 (0%) Q = 0.87

indIMF
t :IMF indicator, see Figure 6.3

For further information on table contents, see Table 6.5 on page 129

Table 6.9 Estimation results for pooled data set with fixed effects and instrumental variables,
Base model – capital restrictions (1960-1998), Indicator: absolute interest rate difference

πt = ci + α0π
E
t + α1ut + α2ut |i

ext
t − i int

t | + εt

estimate t-statistic
α0 1.088∗∗∗ 27.35
α1 -0.098∗∗∗ -2.71
α2 -0.019 -1.52
cB 0.007∗ 1.76 R2

B= 0.78
cF 0.006 1.48 R2

F= 0.86
cG 0.002 0.65 R2

G= 0.71
cI 0.011∗ 1.89 R2

I= 0.91
cN 0.003 0.81 R2

N= 0.72
cU 0.008∗ 1.86 R2

U= 0.84

Wald(α0 = 1)= 4.90 (3%) DW= 1.83
Wald(fit) = 1031.57 (0%) Q = 1.15

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129
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Base Threshold ModelsThe estimated models with a capital restrictions indicator

presented above contain a continuously variable slope. The slope of the Phillips curve

in the (ut, πt)-plane may change every period due to a change in the difference between

the internal and external interest rate. The slope is a linear function of the indicator as

can be seen from rewriting Equation (6.2) as:

πt = ci + α0π
E
t + ut(α1 + α2indt) + εt

In case you want to estimate a model for a limited number of different capital market

regimes, a model with thresholds for the indicator could be a candidate estimation

method. This would be a better specification if the effect on the slope does not lin-

early change with the indicator, but instead starts to be effectuated beyond a certain

threshold. The base threshold model we use is reflected by:

πt = ci + α0π
E
t + εt +

{
α1ut, indt < A
α2ut, indt > A

(6.3)

whereA is the threshold value. In this specification there are two separate regimes,

each with its own slope parameter for unemployment. The two regimes in Equation

(6.3) represent regimes of capital mobility and of (relatively) restricted capital flows.

A number of threshold values have been implemented to search for the minimal total

sum of squared residuals (SSR) of the complete system, as a measure for the best fit

given the specification with two regimes. We use two indicators, namelyindt = iext
t −i int

t

and indt = |iext
t − i int

t | , and search for a threshold in the ranges (-1.5,1.5) and (0,1.5)

respectively, with steps of 0.1. The thresholds are chosen in such a way that there

remain at least 10% of the data per country equation in the regimes’ data set.

The intercept and the parameter of the expected inflation rate are assumed to be regime

independent. Table 6.10 gives the results where theSSRis lowest in caseindt = iext
t −

i int
t . A threshold of -0.3 is found. The Wald test forα1 = α2 accepts this hypothesis

with a p-value of 32%. The number of data points for the regimes below and above the

threshold are 70 and 142. Ifindt = |iext
t − i int

t | (Table 6.11), the minimumSSRis slightly

lower. The threshold is 0.2. The number of data points for which|iext
t − i int

t | < 0.2 is 49,

which means that the other regime contains 163 data points. Again the Wald statistic

for α1 = α2 accepts the hypothesis, which means that for both indicators no significant

difference is found in these models between inflation-output trade-offs under different

capital mobility regimes.

The specification in Table 6.11 has the lowestSSRof these two base threshold models.

If we compare these results with the non-threshold model using the same indicator

(|iext
t − i int

t |, Table 6.8), we see that the specification with the threshold finds a steeper

Phillips curve than the specification with the variable slope (-0.098-0.019indt versus

-0.141 and -0.100).
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Table 6.10 Estimation results for pooled data set with fixed effects and instrumental variables,
Base threshold model (1960-1998), Indicator: interest rate difference

πt = ci + α0π
E
t + εt +

{
α1ut, iext

t − i int
t < −0.3

α2ut, iext
t − i int

t > −0.3

estimate t-statistic
α0 1.056∗∗∗ 30.48
α1 -0.072 -1.31
α2 -0.126∗∗∗ -3.55
cB 0.005 1.44 R2

B= 0.78
cF 0.006 1.52 R2

F= 0.86
cG 0.003 1.03 R2

G= 0.72
cI 0.010 1.57 R2

I= 0.91
cN 0.004 1.14 R2

N= 0.74
cU 0.011∗∗∗ 2.74 R2

U= 0.83

Wald(α0 = 1) = 2.65 (10%) DW= 1.83
Wald(α1 = α2)= 0.99 (32%) Q = 1.15
Wald(fit) = 1026.12 (0%) SSR= 0.049893

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

Conclusions of the base modelsThis section deals with a number of base models

that do not distinguish between regimes or only between regimes of one kind, either

exchange rate or capital mobility regimes. They present results that may be a first

indication of whether the data support the hypotheses in Table 6.1. In general the ex-

pected inflation rate and the unemployment rate parameters have the correct sign and

are significant. The model that assumes both the expected inflation rate and the un-

employment rate parameters to be exchange rate regime dependent finds significantly

differing Phillips curve slopes, with a flatter curve for fixed exchange rate years. This

is in accordance with hypotheses III and IV. The models that consider the effect of

capital restrictions do not support the effect we expect based on hypothesis I and II.

The concerning parameters are insignificant. Only two out of five capital restriction

indicators mentioned in Section 6.4 are used. The next section considers all five of

them with respect to flexible exchange rate years.
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Table 6.11 Estimation results for pooled data set with fixed effects and instrumental variables,
Base threshold model (1960-1998), Indicator: absolute interest rate difference

πt = ci + α0π
E
t + εt +

{
α1ut, |iext

t − i int
t | < 0.2

α2ut, |iext
t − i int

t | > 0.2

estimate t-statistic
α0 1.055∗∗∗ 30.17
α1 -0.141∗∗∗ -2.83
α2 -0.100∗∗∗ -2.45
cB 0.005 1.26 R2

B= 0.78
cF 0.006 1.50 R2

F= 0.86
cG 0.004 1.17 R2

G= 0.72
cI 0.010∗ 1.69 R2

I= 0.90
cN 0.004 1.20 R2

N= 0.72
cU 0.012∗∗∗ 2.71 R2

U= 0.84

Wald(α0 = 1) = 2.45 (12%) DW= 1.79
Wald(α1 = α2)= 0.47 (49%) Q = 4.53
Wald(fit) = 1027.76 (0%) SSR= 0.049788

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

6.6.2 Estimation Results Hypothesis I: Capital Restrictions in the

Flexible Exchange Rate Regime

The first hypothesis in Table 6.1 concerns the effect of capital restrictions on the

Phillips curve slope if the exchange rate is flexible. We use the following specification:

π
f lex
t = ci + α0π

E
t + α1ut + α2utindt + εt (6.4)

The superscriptf lex of the inflation rate denotes that only flexible exchange rate periods

are included (see Figure 6.2). Hypothesis I states that the capital controls decrease the

trade-off. If indt is defined in such a way thatindt ≥ 0 andindt is positively correlated

with the extent of effective capital controls, this would imply that:

α1 < 0 and α2 < 0

The more capital restrictions, the higherindt and the steeper the Phillips curve will be.

Analogously, in case ofindt,neg(≤ 0), hypothesis I implies that:

α1 < 0 and α2 > 0
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The entries included in the estimations are those as indicated to be flexible exchange

rate years as in Figure 6.2.

Table 6.12 shows the results of the base model for the flexible exchange rate regime,

without a capital control indicator. The expected inflation rate parameter and the slope

parameter have the expected sign and are significant. Tables 6.13 to 6.17 show the re-

sults for Equation (6.4) using the various indicators listed in Section 6.4. The Nether-

lands have the lowest number of data points in this regime of flexible exchange rates,

namely 9, and also the lowestR2 values. TheDW and Q statistic for the complete

system do not suggest that we should take account of autocorrelation effects.

Table 6.12 Estimation results for pooled data set with fixed effects, flexible exchange rate
periods (1970-1998)

π
f lex
t = ci + α0π

E
t + α1ut + εt

estimate t-statistic
α0 1.011∗∗∗ 17.28
α1 -0.321∗∗∗ -4.13
cB 0.019∗∗ 2.31 R2

B= 0.47
cF 0.022∗∗ 2.43 R2

F= 0.76
cG 0.018∗∗∗ 2.78 R2

G= 0.72
cI 0.039∗∗∗ 3.66 R2

I= 0.75
cN 0.008 0.92 R2

N= 0.12
cU 0.029∗∗∗ 3.41 R2

U= 0.87

Wald(α0 = 1)= 0.04 (85%) DW= 1.91
Wald(fit) = 367.18 (0%) Q = 1.07

π
f lex
t : inflation in flexible exchange rate years

For further information on table contents, see Table 6.5 on page 129

Tables 6.13 and 6.14 show insignificantα2 parameters, indicating that the models

using the IMF indicator orindt = |iext
t − i int

t | do not support hypothesis I. The indicator

indt = iext
t −i int

t of Table 6.15 leads to a significantα2 parameter. This indicator can both

be negative and positive, which implies that the trade-off may both be increased and

decreased by capital restrictions. Capital restrictions on inflows would mean thatiext
t <

i int
t , which would lead to a decreased trade-off sinceα2 > 0. For capital restrictions on

outflows, the opposite goes: the trade-off increases. This ambiguous effect of capital

restrictions ifindt = iext
t − i int

t is used may be the result of capital restrictions affecting

the trade-off for only either positive or negative values ofindt = iext
t − i int

t .

Tables 6.16 and 6.17 show the results with an indicator that either considers an effect

of negative values or positive values foriext
t − i int

t . The models of these tables account

for a possible effect of capital restrictions only on inflows or only on outflows. If
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Table 6.13 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), IMF indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2utindIMF

t + εt

estimate t-statistic
α0 1.006∗∗∗ 15.24
α1 -0.323∗∗∗ -4.10
α2 0.019 0.16
cB 0.019∗∗ 2.24 R2

B= 0.47
cF 0.021∗∗ 2.20 R2

F= 0.77
cG 0.018∗∗∗ 2.72 R2

G= 0.72
cI 0.039∗∗∗ 3.44 R2

I= 0.75
cN 0.008 0.93 R2

N= 0.12
cU 0.029∗∗∗ 3.35 R2

U= 0.87

Wald(α0 = 1)= 0.01 (92%) DW= 1.91
Wald(fit) = 364.70 (0%) Q = 1.13

π
f lex
t : inflation in flexible exchange rate years

indIMF
t : IMF indicator, see Figure 6.3

For further information on table contents, see Table 6.5 on page 129

indt = indt,neg, the parameterα2 is positive and significant. This is in accordance with

what we expect, since this implies that capital restrictions steepen the Phillips curve.

The estimation results for the model in which only effects of restrictions on outflows

are included show no significant effect. Further, the estimatedα2 parameter in Table

6.17 has an incorrect sign.

Conclusions Tables 6.13 to 6.17 show estimation results of models testing whether

support can be found for hypothesis I: capital restrictions lower the trade-off in flex-

ible exchange rate periods. Five different capital restrictions indicators are used. The

indicator indt,neg gave the best results. This indicator only considers years in which

capital inflows are restricted. The expected inflation rate and slope parameters are sig-

nificant and have the correct sign. The Phillips curve slope steepened in years that

capital inflows were restricted.

In Sections 6.6.1 and 6.6.2, various capital restrictions estimators are used in estimat-

ing models with a continuously variable slope, both with flexible exchange rate data

and with the complete data set of 1960-1998. We performed a number of tests for mul-

ticollinearity estimating a pooled model in which one of the right-hand side variables

is regressed on one other. For the 1960-1998 estimations they show that correlation

exists between expected inflation (πE
t ) andut |iext

t − i int
t |t, and betweenut andutindIMF

t .

For the flexible exchange rate data we found correlation betweenπE
t andutindt,pos, be-
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Table 6.14 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), Interest rate difference indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2ut |i

ext
t − i int

t | + εt

estimate t-statistic
α0 1.049∗∗∗ 17.38
α1 -0.250∗∗∗ -3.03
α2 -0.012 -0.75
cB 0.018∗∗ 2.11 R2

B= 0.47
cF 0.017∗ 1.92 R2

F= 0.78
cG 0.013∗ 1.96 R2

G= 0.74
cI 0.027∗∗ 2.31 R2

I= 0.88
cN 0.004 0.46 R2

N= 0.11
cU 0.022∗∗ 2.41 R2

U= 0.86

Wald(α0 = 1)= 0.67 (41%) DW= 1.52
Wald(fit) = 422.44 (0%) Q = 4.86

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5

tweenπE
t andutindIMF

t , and betweenut andutindIMF
t . Considering the estimation and

the testing results with respect to multicollinearity, the capital restrictions indicator

indt,neg seems to be the best choice.

Threshold Models (Hypothesis I) As an alternative to the five models above, we

estimated a threshold model for the flexible exchange rate years that is reflected by:

π
f lex
t = c+ εt +

{
α0π

E
t + α1ut, indt < A

α0π
E
t + α2ut, indt > A

(6.5)

whereA is the threshold level. Ifindt = |iext
t − i int

t |, hypothesis I states that:

α1, α2 < 0 and α1 > α2

The Phillips curve is steeper in the regime where|iext
t − i int

t | > A, which means if capital

restrictions are effective.

If indt = iext
t − i int

t , hypothesis I states that

α1, α2 < 0 and α1 < α2

since the regime whereiext
t − i int

t < A is the regime where capital restrictions are

effective (given that a negative threshold is found).
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Table 6.15 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), Interest rate difference indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2ut(i

ext
t − i int

t ) + εt

estimate t-statistic
α0 1.031∗∗∗ 17.99
α1 -0.314∗∗∗ -4.17
α2 0.020∗∗ 2.20
cB 0.017∗∗ 2.18 R2

B= 0.65
cF 0.017∗ 1.95 R2

F= 0.74
cG 0.017∗∗∗ 2.76 R2

G= 0.72
cI 0.030∗∗ 2.53 R2

I= 0.85
cN 0.006 0.70 R2

N= 0.08
cU 0.027∗∗∗ 3.22 R2

U= 0.87

Wald(α0 = 1)= 0.29 (59%) DW= 1.68
Wald(fit) = 428.35 (0%) Q = 4.82

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

Table 6.18 and 6.19 show the results. Ifindt = iext
t −i int

t , the threshold is -1.0. This is the

result of minimising theSSR, given that at least 10% of the data per country remain in

each data set. The regime whereindt < −1.0 contains 20 data points. In total there are

109 data points in the flexible exchange rate estimations. The Wald test supports that

the slope parameters are different from each other. In the regime where the interest

rate difference is lower than -1.0, the curve is steeper. This means that there is less

trade-off in case the internal interest rate is more than 1.0 percentage points larger

than the external interest rate.

This is in accordance with hypothesis I (Table 6.1) that says that capital restrictions

under flexible exchange rates lead to a smaller trade-off. Capital restrictions on capital

outflows that cause a larger external interest rate are not distinguished separately in

this specification. Data of the periods in whichiext
t > i int

t are put together into the same

regime as the capital mobility data (iext
t ' i int

t ). If we compare these results with those

of the best of the five alternatives forπt = ci+α0π
E
t +α1ut+α2utindt,neg(Table 6.16), we

see that the threshold specification finds steeper Phillips curves (-0.286 versus -0.265

and -0.493 versus -0.265+0.054indt, indt < 0, average of -1.38).

Table 6.19 contains the results for the threshold model whereindt = |iext
t − i int

t |. The

optimal threshold is found at 0.2, which divides the data set in 29 below the thresh-
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Table 6.16 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), Interest rate difference indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2utindt,neg+ εt

indt,neg=

{
iext
t − i int

t , if iext
t < i int

t
0, otherwise

estimate t-statistic
α0 1.061∗∗∗ 18.79
α1 -0.265∗∗∗ -3.70
α2 0.054∗∗∗ 2.87
cB 0.023∗∗∗ 2.87 R2

B= 0.65
cF 0.015∗ 1.84 R2

F= 0.78
cG 0.014∗∗ 2.37 R2

G= 0.73
cI 0.029∗∗ 2.50 R2

I= 0.88
cN 0.003 0.42 R2

N= 0.08
cU 0.022∗∗∗ 2.69 R2

U= 0.87

Wald(α0 = 1)= 1.16 (28%) DW= 1.69
Wald(fit) = 455.33 (0%) Q = 3.86

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

old and 80 above it. TheSSRof this specification is higher than the one found with

indt = iext
t − i int

t . Therefore the first specification remains to be optimal. Further, the

slope parameters are not significantly different from each other (Wald(α1 = α2): 61%),

which does not support the hypothesised effect of capital restrictions. The slope pa-

rameter belonging to the capital mobility years, in this caseα1, is lower and negative.

This is a reverse pattern compared to the slope parameters in Table 6.18. TheDW and

Q statistics are closer to their critical values than in Table 6.18, but still the hypothesis

of no autocorrelation is not rejected.

Conclusions of the threshold models – hypothesis IThe best specification for the

threshold models that test the effect of capital restrictions on the inflation-output trade-

off finds a threshold of -1.0 for indicatoriext
t − i int

t . This is in accordance with the best

result that is found with the variable slope specification withindt,neg, which supports

the hypothesis that the slope is steepened by capital restrictions.
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Table 6.17 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate period (1970-1998), Interest rate difference indicator

π
f lex
t = ci + α0π

E
t + α1ut + α2utindt,pos+ εt

indt,pos=

{
iext
t − i int

t , if iext
t > i int

t
0, otherwise

estimate t-statistic
α0 1.023∗∗∗ 17.42
α1 -0.315∗∗∗ -3.96
α2 0.018 1.33
cB 0.014∗ 1.81 R2

B= 0.57
cF 0.018∗∗ 2.00 R2

F= 0.74
cG 0.017∗∗∗ 2.66 R2

G= 0.72
cI 0.029∗∗ 2.47 R2

I= 0.85
cN 0.006 0.76 R2

N= 0.09
cU 0.027∗∗∗ 3.17 R2

U= 0.87

Wald(α0 = 1)= 0.15 (70%) DW= 1.61
Wald(fit) = 415.46 (0%) Q = 5.09

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

6.6.3 Estimation Results Hypothesis II: Capital Restrictions in

the Fixed Exchange Rate Regime

Hypothesis II states that capital restrictions steepen the Phillips curve slope in the

fixed exchange rate regime (see Table 6.1) since:

Xq

Xy
< σ + η

This is based on assumptions with respect to (1−Ay)/Xq. None of the estimation results

in this section support the hypothesis. They do not support the opposite ofXq

Xy
> σ + η

either; none of the tables show a significant effect of capital restrictions on the slope

of the Phillips curve. A possible explanation is that (1− Ay)/Xq is not as small as to

lead to a distinctive difference between the two Phillips curve slopes in the regimes

with and without capital restrictions, in case of a fixed exchange rate. The two Phillips

curve slopes are reflected by:

−
1

σ + η
and −

Xy

Xq
= −

1
η
+

1− Ay

Xq
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Table 6.18 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate threshold model (1970-1998)

π
f lex
t = ci + α0π

E
t + εt +

{
α1ut, iext

t − i int
t < −1.0

α2ut, iext
t − i int

t > −1.0

estimate t-statistic
α0 1.047∗∗∗ 18.09
α1 -0.493∗∗∗ -3.58
α2 -0.286∗∗∗ -3.87
cB 0.019∗∗ 2.37 R2

B= 0.57
cF 0.018∗∗ 2.02 R2

F= 0.80
cG 0.015∗∗ 2.51 R2

G= 0.74
cI 0.033∗∗∗ 2.71 R2

I= 0.84
cN 0.005 0.63 R2

N= 0.09
cU 0.024∗∗∗ 2.89 R2

U= 0.87

Wald(α0 = 1) = 0.67 (41%) DW= 1.64
Wald(α1 = α2)= 3.44 (6%) Q = 4.18
Wald(fit) = 423.27 (0%) SSR= 0.033664

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

So, if (1−Ay)/Xq is close to [−1/(σ+η)] + [1/η], the two Phillips curve slopes cannot

be distinguished.

This section contains the estimation results for the models analogous to those of Sec-

tion 6.6.2 for the fixed exchange rate period. The continuously variable slope model

is reflected by:

π
f ix
t = ci + α0π

E
t + α1ut + α2utindt + εt (6.6)

where, according to Table 5.1,

α1 < 0 and α2 = 0

Tables 6.20 to 6.25 show the estimation results. In the model with the IMF indicator,

a significant and positive effect from the indicator variable is found. This is not in

accordance with what we expect. It implies a larger trade-off in case there are capital

controls in place according to the IMF indicator. Comparison of Figure 6.2 and Figure

6.3 shows that almost all non-zero values ofutindt in this model are in the 1960s

(fixed exchange rate periods from Table 6.2 and capital immobility years from Table

6.3). Therefore, the increased trade-off is largely found in the Bretton Woods period.
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Table 6.19 Estimation results for pooled data set with fixed effects and instrumental variables,
flexible exchange rate threshold model (1960-1998), Indicator: absolute interest rate difference

π
f lex
t = ci + α0π

E
t + εt +

{
α1ut, |iext

t − i int
t | < 0.2

α2ut, |iext
t − i int

t | > 0.2

estimate t-statistic
α0 1.030∗∗∗ 17.60
α1 -0.299∗∗∗ -3.51
α2 -0.247∗∗∗ -2.60
cB 0.014∗ 1.79 R2

B= 0.48
cF 0.016∗ 1.76 R2

F= 0.72
cG 0.014∗∗ 2.34 R2

G= 0.74
cI 0.026∗∗ 2.04 R2

I= 0.87
cN 0.005 0.59 R2

N= 0.12
cU 0.025∗∗∗ 2.97 R2

U= 0.84

Wald(α0 = 1) = 0.26 (61%) DW= 1.54
Wald(α1 = α2)= 0.25 (61%) Q = 5.19
Wald(fit) = 419.24 (0%) SSR= 0.033732

π
f lex
t : inflation in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.5 on page 129

As for the base models and the flexible exchange rate models, we tested for multi-

collinearity by estimating a pooled model in which one of the right-hand side variables

is regressed on one other. In the fixed exchange rate cases, there is slight correlation

betweenπE
t and ut. This is probably caused by the fact that a considerable part of

theπE
t data in the fixed exchange rate regime is proxied by the lagged inflation rate.

Further, there is correlation betweenut andutindIMF
t , which is a reason to doubt the

validity of the effect of capital restrictions found in the fixed exchange rate period.

The values ofR2 for the equation for the German data are always lowest and negative.

The number of German entries in this model is lowest as well, namely 9. The number

of UK data is small as well, namely 11, but apparently the sum of squared residuals

is not as large compared to the total variation in the dependent variable as it is for

Germany (R2
i = 1− (ε′i εi)/[(πi − π̄i)′(πi − π̄i)], whereπ̄i is the average inflation rate for

countryi).

The Wald statistics for the restriction thatα0 equals 1 reject this in Tables 6.20 to 6.22.

The parameters are significantly smaller than 1. We are inclined to assume that this is

at least partially due to the inclusion of the proxy forπE
t . Comparison of estimation

outcomes of the fixed exchange rate models for 1979-1998, with in the first only the
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Table 6.20 Estimation results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998)

π
f ix
t = ci + α0π

E
t + α1ut + εt

estimate t-statistic
α0 0.863∗∗∗ 11.70
α1 -0.084∗∗ -2.58
cB 0.009∗∗ 2.14 R2

B= 0.77
cF 0.012∗∗∗ 2.84 R2

F= 0.39
cG 0.004 1.01 R2

G= -0.18
cI 0.015∗∗∗ 2.85 R2

I= 0.51
cN 0.011∗∗∗ 2.95 R2

N= 0.73
cU 0.013∗∗∗ 2.81 R2

U= 0.38

Wald(α0 = 1)= 3.44 (6%) DW= 1.45
Wald(fit) = 152.22 (0%) Q = 4.64

π
f ix
t : inflation in fixed exchange rate years
πE

t : expected inflation
ut: unemployment rate
εt: i.i.n.d. error term
Subscripts: B=Belgium,F=France,G=Germany,I=Italy, N=Netherlands, United Kingdom;
Significance: ∗ at 10%-level;∗∗ at 5%-level;∗∗∗ at 1%-level;
R2

i : R2 of sub-samplei ∈ B, F,G, I ,N,U;
Wald(′restriction′): Wald statistic of concerning parameter restriction;
Wald(fit): Wald statistic of restriction that all non-intercept parameters are equal to
zero;
DW: Durbin Watson statistic for the pooled estimation;
Q: Portmanteau test on first two autocorrelations (5% critical value=5.99)

proxy and with in the second only the expected exchange rate from the OECD statistics

shows that theα0 in first one is about 0.8 and in the second 1.0.

Tables 6.23 to 6.25 contain the results of the models in which we used the alternative

capital control indicatorsiext
t − i int

t , indt,neg, andintt,pos. None of the indicator variables

shows a significant parameter. TheDW and Q statistics of all specifications do not

suggest that there is autocorrelation.

Conclusions The results for the fixed exchange rate years show no evidence for the

expected effects given the assumptions on the elasticities. Table 6.1 says that the

inflation-output trade-off is decreased by capital restrictions if exchange rates are

fixed. The same regime indicators are used as in the flexible exchange rate models

and no effects are found (except in the model with the IMF indicator in which multi-

collinearity is found).
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Table 6.21 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), IMF indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2utindIMF

t + εt

estimate t-statistic
α0 0.867∗∗∗ 11.83
α1 -0.079∗∗∗ -2.43
α2 0.102∗ 1.98
cB 0.008∗∗ 1.91 R2

B= 0.76
cF 0.009∗∗ 2.08 R2

F= 0.46
cG 0.003 0.79 R2

G= -0.30
cI 0.009 1.57 R2

I= 0.53
cN 0.010∗∗∗ 2.79 R2

N= 0.72
cU 0.011∗∗ 2.25 R2

U= 0.39

Wald(α0 = 1)= 3.32 (7%) DW= 1.50
Wald(fit) = 158.41 (0%) Q = 5.37

indIMF
t : IMF indicator, see Figure 6.3

For further information on table contents, see Table 6.20 on page 144

Threshold Models (Hypothesis II) Tables 6.26 and 6.27 contain the regression re-

sults for the threshold models for the fixed exchange rate period. The Wald statistics

of the test on a difference between the two slope parameters show that it is not rejected

that they are equal. So we find no support for hypothesis II.

For the model with a threshold based onindt = iext
t − i int

t , we find a threshold at value

-0.3 where theSSRis minimal. However, the slope parameters are not significantly

different from each other. This indicates that there is no support for a threshold that

splits the data into two separate regimes. Table 6.26 shows the results. The number of

data points for the rangeindt < −0.3 is 34, whereas the total number for this model is

103.

The minimumSSRfor the model withindt = |iext
t − i int

t | is slightly lower than that of

the previous model. The threshold lies at 0.6, which divides the data set into subsets

of 45 and 58 observations. The Wald statistic does not reject that the slope parameters

are equal among the two regimes. TheQ statistic shows that there is autocorrelation

in the regression outcomes. TheDW test does not, but is of limited value in the fixed

exchange rate models since a large part of the entries ofπE
t are the lagged dependent

variable. Therefore the specification withindt = iext
t − i int

t is the better one, despite the

higherSSR.

The proxy for the expected inflation rate that is used for the 1960-1973 period is

expected to lead to biased results. The use of this proxy in models for the other decades
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.22 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), Interest rate difference indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2ut |i

ext
t − i int

t | + εt

estimate t-statistic
α0 0.864∗∗∗ 10.69
α1 -0.117∗∗∗ -2.90
α2 0.017 0.83
cB 0.009∗∗ 2.22 R2

B= 0.77
cF 0.013∗∗∗ 2.98 R2

F= 0.39
cG 0.004 1.05 R2

G= -0.14
cI 0.020∗∗∗ 2.96 R2

I= 0.70
cN 0.012∗∗∗ 3.00 R2

N= 0.74
cU 0.013∗∗∗ 2.80 R2

U= 0.38

Wald(α0 = 1)= 2.81 (9%) DW= 1.64
Wald(fit) = 158.96 (0%) Q = 5.91

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

lead to steeper estimated Phillips curves. If we assume a similar effect of using the

proxy for 1961-1973, this means that the slope that is found is biased downwards.

Further, the use of the proxy seems to have only a negligible effect on the parameter

of the variable that contains the indicator. This effect is most relevant for the fixed

exchange rate models. Theα1 parameters in Tables 6.20 to 6.25 would probably have

been somewhat higher (and negative) in case of use of a longer series of expected

inflation rate from the OECD statistics. In Tables 6.26 and 6.27 bothα1 andα2 may

be biased. Examination of the interest rate differences and the thresholds that are found

shows that the regimes foriext
t − i int

t > −0.3 and|iext
t − i int

t | > 0.6 are most affected since

these have the most data points in the 1960-1973 period. These parameters would

probably have been negative and closer to zero in case of expected inflation rates for

the 1960-1973 period.

6.6.4 Estimation Results Hypotheses III and IV: Effect of Fixing

the Exchange Rate

The hypotheses III and IV with respect to fixing the exchange rate in Table 6.1 are

formulated for the capital restrictions regime and the capital mobility regime. In the

section with results of base models, Tables 6.6 and 6.7 contain specifications in which
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6.6 Estimation Results

Table 6.23 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), Interest rate difference indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2ut(i

ext
t − i int

t ) + εt

estimate t-statistic
α0 0.888∗∗∗ 11.56
α1 -0.097∗∗ -2.86
α2 -0.005 -0.42
cB 0.009∗∗ 2.16 R2

B= 0.77
cF 0.012∗∗∗ 2.82 R2

F= 0.36
cG 0.004 0.91 R2

G= -0.20
cI 0.019∗∗∗ 2.82 R2

I= 0.77
cN 0.011∗∗∗ 2.81 R2

N= 0.73
cU 0.013∗∗∗ 2.69 R2

U= 0.37

Wald(α0 = 1)= 2.19 (15%) DW= 1.66
Wald(fit) = 157.83 (0%) Q = 5.36

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

both capital market regimes are not distinguished. The results in Table 6.7 support the

hypothesis that fixing the exchange rate flattens the Phillips curve. In the specification

under consideration, theπE
t parameter is also regime dependent. In these models we

assume that the effects of fixing the exchange rate in capital mobility regimes (hypoth-

esis III) and capital restrictions regimes (hypothesis IV) are equal.

In this section we split the data set into two sets of years in which capital was either or

not relatively mobile using a threshold for the regime variable. The model specification

we use to look for support for the hypotheses contains equations for either capital

mobility years or capital control years.

We use the threshold indicatorsindt = iext
t − i int

t andindt = |iext
t − i int

t | and estimate the

following set of systems:

πt =


ccm

i + α
cm
0 πE

t + α
cm
1 uf ix

t + α
cm
2 uf lex

t + εt, iext
t − i int

t > A or |iext
t − i int

t | < A

ccc
i + α

cc
0 π

E
t + α

cc
1 uf ix

t + α
cc
2 uf lex

t + εt, iext
t − i int

t < A or |iext
t − i int

t | > A

(6.7)

The superscriptscm andcc denote years of capital mobility and of years with effective

capital controls. Tables 6.28 and 6.29 contain the estimation results of the system of

this equation for the minimalSSR. We initially assumed regime dependent intercepts,

tests on them being equal accepted this restriction (test results not reported). So, we
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.24 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), Interest rate difference indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2utindt,neg+ εt

indt,neg=

{
iext
t − i int

t , if iext
t < i int

t
0, otherwise

estimate t-statistic
α0 0.874∗∗∗ 11.32
α1 -0.110∗∗∗ -3.09
α2 -0.028 -1.02
cB 0.010∗∗ 2.29 R2

B= 0.78
cF 0.012∗∗∗ 2.93 R2

F= 0.35
cG 0.004 0.98 R2

G= -0.16
cI 0.020∗∗∗ 2.90 R2

I= 0.76
cN 0.011∗∗∗ 2.98 R2

N= 0.74
cU 0.013∗∗∗ 2.80 R2

U= 0.37

Wald(α0 = 1)= 2.66 (10%) DW= 1.63
Wald(fit) = 160.08 (0%) Q = 5.30

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

apply ccc
i = ccm

i . We also test whether theα0 parameters can be specified as being

equal. The results show that in one model this restriction was rejected (Table 6.28)

and in the other it was accepted (Table 6.29).

Hypothesis III concerns the capital mobility regime and states in terms of the param-

eters in Equation (6.7) that:

αcm
1 > αcm

2 , αcm
1 , αcm

2 < 0

Analogously, hypothesis IV says about the capital restrictions regimes that:

αcc
1 > αcc

2 , αcc
1 , α

cc
2 < 0

In both cases, fixing the exchange rate leads to a increased trade-off and a flatter

Phillips curve.

In Table 6.28 the range of capital mobility (small interest rate differences) is taken

together with the range of restrictions on capital outflows. The threshold value of -0.2

gives the best performance for the joint system. The number of data points for the

two regimes are 79 and 133. Ifindt < −0.2 both slope parameters are insignificant. If

indt > −0.2, the outcomes show a significant effect of fixing the exchange rate (at the
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6.6 Estimation Results

Table 6.25 Estimation Results for pooled data set with fixed effects, fixed exchange rate
periods (1960-1998), Interest rate difference indicator

π
f ix
t = ci + α0π

E
t + α1ut + α2utindt,pos+ εt

indt,pos=

{
iext
t − i int

t , if iext
t > i int

t
0, otherwise

estimate t-statistic
α0 0.885∗∗∗ 11.30
α1 -0.100∗∗∗ -2.76
α2 0.001 0.06
cB 0.009∗∗ 2.13 R2

B= 0.77
cF 0.012∗∗∗ 2.84 R2

F= 0.37
cG 0.004 0.93 R2

G= -0.19
cI 0.019∗∗∗ 2.84 R2

I= 0.74
cN 0.011∗∗∗ 2.81 R2

N= 0.73
cU 0.013∗∗∗ 2.68 R2

U= 0.38

Wald(α0 = 1)= 2.15 (14%) DW= 1.67
Wald(fit) = 157.12 (0%) Q = 5.54

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

10% significance level). The hypothesis says that fixing the exchange rate increases

the trade-off. The outcomes for the regime ofindt > −0.2 support this presumption,

since theα1 parameter is higher than theα2 parameter. The parameter for the expected

inflation rate, ifindt > −0.2, is significantly higher than ifindt < −0.2.

If the indicator is the absolute difference betweeniext
t andi int

t (Table 6.29), the optimal

threshold is 0.5, which leads to a split up of the number of data into 86 and 126. The

SSRis higher, and the autocorrelation statistics indicate no autocorrelation in these

model outcomes, as well as in the previous specification. In neither regime the effect

of fixing the exchange rate is significant (Wald(αcc
1 = αcc

2 ): 60% andWald(αcm
1 =

αcm
2 ): 27%). TheπE

t parameter is found to be regime independent, sinceαcm
0 = α

cc
0 is

accepted. For the years whereindt < 0.5 (capital mobility years) both slope parameters

are significant. Theα1 parameter is higher and negative, as expected, but the Wald

test fails to rejectα1 = α2, so the hypothesised effect of fixing the exchange rate is

not supported. If|iext
t − i int

t | > 0.5, only the fixed exchange rate slope parameter is

significant and not significantly different from the flexible exchange rate parameter.
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.26 Estimation results for pooled data set with fixed effects and instrumental variables,
fixed exchange rate threshold model (1960-1998)

π
f ix
t = ci + α0π

E
t + εt +

{
α1ut, iext

t − i int
t < −0.3

α2ut, iext
t − i int

t > −0.3

estimate t-statistic
α0 0.884∗∗∗ 11.56
α1 -0.064 -1.53
α2 -0.107∗∗∗ -2.94
cB 0.009∗∗ 2.15 R2

B= 0.77
cF 0.012∗∗∗ 2.77 R2

F= 0.33
cG 0.004 0.90 R2

G= -0.16
cI 0.018∗∗∗ 2.66 R2

I= 0.79
cN 0.010∗∗∗ 2.70 R2

N= 0.72
cU 0.014∗∗∗ 3.11 R2

U= 0.35

Wald(α0 = 1) = 2.27 (13%) DW= 1.65
Wald(α1 = α2)= 1.24 (27%) Q = 5.32
Wald(fit) = 158.24 (0%) SSR= 0.010991

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

Conclusions of the threshold models – hypotheses III and IVHypotheses III and

IV state that fixing the exchange rate flattens the Phillips curve slope during capital

mobility periods and during periods of restricted capital flows. A threshold model

is estimated to test these hypotheses simultaneously. Each capital market regime is

represented by a regime in the threshold model. The model that usesiext
t − i int

t to find

a threshold shows support for hypothesis III (capital mobility regime is defined by

iext
t − i int

t > −0.2), but not for hypothesis IV. The model that uses|iext
t − i int

t | supports

none of the hypotheses.

6.7 Conclusions

We estimated a number of models to try and find support for the hypotheses formulated

in Chapter 5 and repeated in Table 6.1 with respect to the inflation-output trade-off in

the countries of our data set. The hypotheses regarding the effects of capital restrictions

are tested with models with a continuously variable slope, dependent on the extent

of capital restrictions. Furthermore, they are tested with threshold models in which

the threshold value measures the extent of capital restrictions and is applied to the
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6.7 Conclusions

Table 6.27 Estimation results for pooled data set with fixed effects and instrumental variables,
fixed exchange rate threshold model (1960-1998)

π
f ix
t = ci + α0π

E
t + εt +

{
α1ut, |iext

t − i int
t | < 0.6

α2ut, |iext
t − i int

t | > 0.6

estimate t-statistic
α0 0.867∗∗∗ 11.00
α1 -0.118∗∗∗ -3.01
α2 -0.080∗∗ -2.03
cB 0.009∗∗ 2.15 R2

B= 0.76
cF 0.011∗∗∗ 2.77 R2

F= 0.23
cG 0.005 0.90 R2

G= -0.08
cI 0.018∗∗∗ 2.66 R2

I= 0.71
cN 0.012∗∗∗ 2.70 R2

N= 0.72
cU 0.016∗∗∗ 3.11 R2

U= 0.35

Wald(α0 = 1) = 2.84 (9%) DW= 1.65
Wald(α1 = α2)= 0.96 (33%) Q = 6.52
Wald(fit) = 159.72 (0%) SSR= 0.010508

i int
t : internal interest rate

iext
t : external interest rate

For further information on table contents, see Table 6.20 on page 144

slope parameter. The hypotheses regarding the effect of fixing the exchange rate are

only tested with the second type of models. The threshold value of capital restrictions

divides the series of inflation rates in two, after which a system is estimated with two

equations for each country.

Support for the effects of capital restrictions during flexible exchange rate periods

is found with an indicator that only considers restrictions on capital inflows. Given

the assumptions on the elasticities of output and money, the trade-off is expected to

decline (hypothesis I). Output and unemployment become less sensitive to changes

in the inflation rate. Results for the specifications that include capital restrictions on

outflows are less obvious. The threshold model outcomes for flexible exchange rate

years are also in line with hypothesis I. The slopes of the two regimes are significant,

significantly different, and their relative sizes are as expected.

The same set of models we use for testing hypothesis I is estimated for the fixed

exchange rate period. The expected effect of capital restrictions on the Phillips curve

slope is similar (hypothesis II). However, no significant effect is found. This suggests

that the relative sizes of the elasticities of the trade balance and absorption of the two

regimes (fixed exchange rates and capital mobility or restricted capital) are such that

no significant difference in the inflation-output trade-off is found.
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6 Capital and Foreign Exchange Market Effects on European Inflation-Output Trade-offs

Table 6.28 Estimation results for pooled data set with fixed effects and instrumental variables,
Threshold model (1960-1998), Effect of fixing exchange rate

πt = ci + εt +

{
αcm

0 πE
t + α

cm
1 uf ix

t + α
cm
2 uf lex

t , iext
t − i int

t > −0.2
αcc

0 π
E
t + α

cc
1 uf ix

t + α
cc
2 uf lex

t , iext
t − i int

t < −0.2

estimate t-statistic
αcm

0 1.121∗∗∗ 7.32
αcm

1 -0.129∗∗∗ -3.03
αcm

2 -0.210∗∗∗ -4.86
αcc

0 0.923∗∗∗ 17.46
αcc

1 -0.039 -0.78
αcc

2 -0.000 -0.01 cm cc
cB 0.005 1.39 R2

B= 0.89 0.59
cF 0.007 1.63 R2

F= 0.86 0.89
cG 0.006∗ 1.79 R2

G= -1.49 0.70
cI 0.013∗∗ 2.22 R2

I= 0.95 0.87
cN 0.004 1.09 R2

N= 0.76 0.75
cU 0.011∗∗∗ 2.86 R2

U= 0.85 -0.24

Wald(αcm
0 = α

cc
0 ) = 12.52 (0%) DW= 1.89

Wald(αcc
0 = 1) = 2.13 (14%) Q = 4.52

Wald(αcm
0 = 1) = 8.16 (0%) SSR= 0.046756

Wald(αcc
1 = α

cc
2 ) = 0.35 (56%)

Wald(αcm
1 = α

cm
2 )= 2.75 (10%)

Wald(fit) = 1077.38 (0%)

uf ix
t : unemployment rate in fixed exchange rate years

uf lex
t : unemployment rate in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

cm: periods with capital mobility; cc: periods with effective capital controls
For further information on table contents, see Table 6.5 on page 129

The hypothesised effects of fixing the exchange rates are only partly supported by the

data. The results presented are those of the threshold models with the lowest joint

SSR. In the regime whereiext − i int > −0.2 there is a significant effect from fixing

the exchange rates, this supports hypothesis III. In the other regime, as well as in the

model with indt = |iext − i int |, there is no significant effect. This may be due to the

same possible reason for not finding a significant effect of capital restrictions in the

fixed exchange rate regime. The extent of the ratio of the marginal propensity to save

compared to the real exchange rate elasticity of the trade balance may be not small

enough to distinguish a shift in the Phillips curve slope after fixing the exchange rate

in the regime of restricted capital.
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6.7 Conclusions

Table 6.29 Estimation results for pooled data set with fixed effects and instrumental variables,
Threshold model (1960-1998), Effect of fixing exchange rate

πt = ci + εt +

{
αcm

0 πE
t + α

cm
1 uf ix

t + α
cm
2 uf lex

t , |iext
t − i int

t | < 0.5
αcc

0 π
E
t + α

cc
1 uf ix

t + α
cc
2 uf lex

t , |iext
t − i int

t | > 0.5

estimate t-statistic
αcm

0 1.072∗∗∗ 19.50
αcm

1 -0.117∗∗ -2.24
αcm

2 -0.185∗∗∗ -3.56
αcc

0 1.006∗∗∗ 21.15
αcc

1 -0.095∗∗ -2.10
αcc

2 -0.061 -0.92 cm cc
cB 0.006 1.45 R2

B= 0.79 0.74
cF 0.007 1.64 R2

F= -0.12 0.87
cG 0.006∗ 1.82 R2

G= 0.55 0.97
cI 0.012∗∗ 1.97 R2

I= 0.82 0.92
cN 0.005 1.31 R2

N= 0.81 0.39
cU 0.014∗∗∗ 3.21 R2

U= 0.88 0.79

Wald(αcm
0 = α

cc
0 ) = 1.16 (28%) DW= 1.79

Wald(αcc
0 = 1) = 0.02 (90%) Q = 4.36

Wald(αcm
0 = 1) = 1.70 (19%) SSR= 0.048993

Wald(αcc
1 = α

cc
2 ) = 0.29 (60%)

Wald(αcm
1 = α

cm
2 )= 1.19 (27%)

Wald(fit) = 1007.84 (0%)

uf ix
t : unemployment rate in fixed exchange rate years

uf lex
t : unemployment rate in flexible exchange rate years

i int
t : internal interest rate

iext
t : external interest rate

cm: periods with capital mobility; cc: periods with effective capital controls
For further information on table contents, see Table 6.5 on page 129
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Appendix 6.A: Data Sources – Capital Restrictions

Indicator

• Internal interest rate (3 month): from OECD or central bank statistics: Bel-

gium: 1961-1989 interest rate of treasury certificates, 1990-1998 interbank rate,

France: 1971-1969 call money rate, 1970-1998 PIBOR, Germany: 1961-1998

FIBOR, Italy: Interbank deposits, the Netherlands: 1961-1978 Interest rate to

local authorities, 1979-1998 Interbank rate, United Kingdom 1961-1998 Inter-

bank loans

• External interest rate (3 month, LNDN:FT): Euro domestic currency interest

rate: Belgium: 1981-1998, France: 1975-1998, Germany: 1975-1998, Italy: 1979-

1998, the Netherlands: 1962-1998, United Kingdom: 1975-1998

• Forward exchange rate (3 month): from IFS, national currency to US dollar:

Belgium: 1961-1980, France: 1961-1974, Germany: 1961-1974, Italy: 1977-

1978, the Netherlands: 1961, United Kingdom: 1961-1974

• Euro dollar interest rate (3 month): Euro dollar interest rate in Germany

• Spot exchange rate: from IFS, national currency to US dollar, national currency

to Deutsche Mark
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