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by 
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Discussion Paper No. 41-93, June 1993 

ABSTRACT 
Stylized empirical facts about the correlation between the volume of international trade and exchange 
rate variability/uncertainty are at odds with the predictions of the simple open economy model. The 
present paper argues that this puzzle may be explained by drawing on the recent theoretical literature 
on the behaviour and intrinsic dynamics of exchange rates in target zones or currency bands, and 
aims at providing empirical support for this conjecture. 
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NON-TECHNICAL SUMMARY 

It is a puzzling fact that over two decades of intensive empirical research have 
been unable to uncover decisive evidence about a systematic negative relationship 
between the volume of international trade and exchange rate volatility/risk. 
Nevertheless, when comparing systems of fixed versus flexible exchange rates, such 
trade promotion arguments are frequently referred to by the proponents of fixed or 
managed exchange rates. In its "One Market, One Money" study, for example, the 
Commission of the European Communities (1990) points out that Economic and 
Monetary Union (EMU) is likely to result in substantial gains in efficiency and growth 
due to the positive effects of the elimination of exchange rate variability/risk on 
international trade and direct investment, even though the empirical evidence in favour 
of the former effect is weak. 

The theoretical link between exchange rate variability/risk and the volume of 
international trade was formally estabilshed, amongst others, by· Clark (1973). 
However, most empirical studies have found no apparent link between exchange rate 
volatility and trade volumes, or have even discovered a significant positive 
relationship between both variables, a result which is considered to be 
counterintuitive. The present paper argues that this is not necessarily correct, since 
intuition is based on the implicit assumption of a system of freely floating exchange 
rates . 
How then may the empirical stylized facts be explained? More than two decades ago 
Ethier (1973) established his well-known "sepatation theorem", in which he showed 
that in the absence of well developed forward markets, the trade decision depends 
negatively on both the expected mean and the variability of the exchange rate. 
However, in the presence forward markets and hedging, a firm that jointly optimizes 
over the import and hedging decisions will choose an optimal level of trade which 
only depends on the forward rate, whilst the hedge is also a function of exchange rate 
volitility/risk. Hence in the presence of forward markets the exchange rate's volatility 
only affects the hedging decision, and not the trade decision. Whilst this theoretical 
results may reconcile why no apparent relationship between exchange rate variability 
and trade may be found in the data, it leaves unexplained the frequently detected 
significant positive correlations. 

The present paper analyses international trade in a model in which the equilibrium 
exchange rate is determined in a target zone framework. The advantage of the target 
zone model is that both systems of completely fixed and flexible exchanges, as well as 
systems with limited exchange rate flexibility within explicit fluctuation bands, such as 
those prevailing under the Bretton Woods arrangement, the European snake 
arrangement an the European Monetary System (EMS), may be evaluated and 
compared within the same analytical framework. Within this common framework the 
intrinsic dynamics of exchange rates within currency bands have been shown, 
following the pioneering work of Krugman (1991 ), to be distinctly different from 
those under a free float. The present paper shows that in a target zone model almost 
any correlation between trade flows and exchange rate variability may be found in the 
data, owing to non-linearities. These non-linearities arise from the non-linear 
relationship between the exchange rate (or its relative band position) and the exchange 



rate's variability, which has an inverted U-shape in models of credible target zones, a 
U-shape in models of non-credible target zones, and is uniform across the band under 
a free float. However, a unique linear relationship exists between trade flows and the 
exchange rate's band position, which is negative in credible target zones, positive in 
non-credible target zones and zero under a free float. 

The above proposition that any relationship between the volume of international 
trade and exchange rate variability may be justified on theoretical grounds clearly is 
very discurraging for empirical research. However, the theoretical analysis reveals that 
for countries with a similar set of parametric constellations, such as similar degrees of 
risk aversion of traders, similar degrees of target zone credibility and similar average 
band positions of exchange rates (relative strength or weakness within the band), 
similar correlations between trade volumes and exchange rate variability may be found 
in the data, whilst for countries with freely floating exchange rates no apparent 
relationship is to be expected. This striking difference between ERM and non-ERM 
countries, which suggests a strong policy dependence of the empirical relationship 
between trade volumes and exchange rate variability, is investigated empirically in the 
paper. 

Using monthly data for Gennan exports to ERM-member and non-member 
countries the policy dependence of the relationship between trade flows and exchange 
rate variability is analysed empirically. As in the previous literature, both positive, 
negative and zero correlations between Gennan expQrts and a measure of bilateral 
exchange rate variability are found in the data. However, these relationships tum out 
to be indeed policy-variant, since structural breaks and changes in the signs of the 
coefficients under study occurred at policy sensitive points in time, such as the March 
1983 general EMS realignment. With respect to the relationship between German 
exports and the exchange rate's band position a significant negative relationship is 
found only for the small ERM participants, Belgium, the Netherlands and Denmark, 
whilst zero coefficients are estimated for the large ERM countries, France and Italy. 
According to theory these negative correlations point towards credible target zones, 
whereas zero or even positive correlations indicate a lack of target zone credibility. 
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1. Introduction 

It is a puzzling fact that over two decades of intensive empirical research have 
been unable to uncover decisive evidence about a systematic negative relationship 
between the volume of international trade and exchange rate volatility/risk. 
Nevertheless, when comparing systems of fixed versus flexible exchange rates, such 
trade promotion arguments are frequently referred to by the proponents of fixed or 
managed exchange rates. In its "One Market, One Money" study, for example, the 
Commission of the European Communities (1990) points out that Economic and 
Monetary Union (EMU) is likely to result in substantial gains in efficiency and growth 
due to the positive effects of the elimination of exchange rate variability/risk on 
international trade and direct investment, even though the empirical evidence in favour 
of the fonner effect is weak. 

The theoretical link between exchange rate variability/risk and the volume of 
international trade was fonnally established by Clark (1973), amongst others. For a 
review of the early theoretical literature on the effects of exchange rate variability on 
trade and other macroeconomic variables see Farrell, De Rosa and McCown (1983). 
Early empirical research by Mankin (1976), Baron (1976), Hooper and Kohlhagen 
(1978) and Cushman (1983), largely rejected the hypothesis of a negative impact of 
exchange rate volatility/risk on trade. This principle conclusion also prevails in most 
surveys of the early empirical literature, such as Farrell, De Rosa and Mccown 
(1983), the International Monetary Fund (1984), and Gotur (1985). A sample of more 
recent empirical studies on the link between exchange rate variability and ·trade 
volumes includes Bailey, Tavlas and Ulan (1986), Brada and Mendez (1988), 
Cushman n988), De Grauwe (1988), Keenen and ~odrik (1986), Thursby and 
Thursby (1987), Peree and Steinherr (1988), Bini-Smaghi (1991) and Savvides 
(1992). For a detailed survey of this more recent literature see Edison and Melvin 
(1990). Most authors in this recent empirical literature also largely reject the existence 
of a stable negative relationship between exchange rate variability and the volume of 
international trade. Instead, these empirical studies· have frequently found no apparent 
link or even discovered a significant positive relationship between exchange rate 
volatility and trade volumes, a result which on theoretical grounds is frequently 
viewed as being counterintuitive. 

How may this failure of the empirical literature be explained? More than two 
decades ago Ethier (1973) established his well-known "separation theorem", in which 
he showed that in the absence of well developed forward markets, the trade decision 
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depends negatively on both the expected mean and the variability of the exchange 
rate. However, in the presence forward markets and hedging, a firm that jointly 
optimizes over the import and hedging decisions will choose an optimal level of trade 
which only depends on the forward rate, whilst the hedge is also a function of 
exchange rate volitility/risk. Hence in the presence of forward markets the exchange 
rate's volatility only affects the hedging decision, and not the trade decision. This 
conjecture has been reiterated by Holthausen (1979), Katz and Paroush (1979), Feder, 
Just and Schmitz (1980), Kawai (1984), and recently by Viaene and de Vries (1992). 
However, Kawai (1984) and Viaene and de Vries (1992) show that adding an 
equilibrium model for the determination of the forward rate may alter this result if the 
spot rate's conditional variance affects the forward rate and thereby indirectly trade. 

The present paper analyses international trade in a model in which the equilibrium 
exchange rate is determined in a target zone framework. The advantage of the target 
zone model is that both systems of completely fixed and flexible exchanges, as well as 
sistems with limited exchange rate flexibility within explicit fluctuation bands, such as 
those prevailing under the Bretton Woods arrangement, the European snake 
arrangement and the European Monetary System (EMS), may be evaluated and 
compared within the same analytical framework. Within this common framework the 
intrinsic dynamics of exchange rates within currency bands have been shown, 
following the pioneering work of Krugman (1991 ), to be distinctly different from 
those under a free float. As a result, the relat?onship between trade volumes and 
exchange rate variability may differ fundamentally between both exchang~ rate 
systems. In particular, it is argued in the present paper that any relationship between 
trade volumes and exchange rate variability may emerge, depending on, amongst 
other things, whether a currency is weak or strong within the band, and whether the 
commitment of the monetary authority to defending a given target zone is credible or 
not. 

How may this result be rationalized? Standard models of fully credible exchange 
rate target zones imply a deterministic, non-linear (s-shaped) relationship between the 
exchange rate and its fundamentals, as is discussed in Krugman (1991). Svensson 
(1989,199lb) shows that this particular curvature of the exchange rate function 
implies a specific non-linear (u-shaped) probability density distribution for exchange 
rates, as well as a specific non-linear (inversely u-shaped) relationship between the 
exchange rate and its instantaneous conditional variability. Svensson ( 1989, 1991 b) 
further shows that a fully credible target zone for exchange rate fundamentals also 
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implies a target zone for expected future exchange rates. Whilst this relationship 
between the exchange rate fundamentals and expected future exchange rates is in 
principle non-linear, it becomes flatter and less non-linear for longer maturities. 
Combined with the above relationship between fundamentals, the exchange rate and 
its instantaneous conditional variability, a non-linear relationship between expected 
future exchange rates and the exchange rate's variability emerges. Using this 
equilibrium condition in a standard model of international trade results in a non-linear 
(inversely u-shaped) relationship between trade volumes and exchange rate variability. 
Due to this non-linearity, any linear regression analysis may reveal a positive, zero or 
negative relationship between trade volumes and exchange rate variability, depending 
on the relative position of the exchange rate within a fully credible target zone. It is 
further shown in the present paper that this principle conclusion also holds if exchange 
rate target zones are allowed only to possess limited credibility and if realignments, 
which occur more or less frequently in all real world target zone arrangements, are 
permitted. 

The present paper thus demonstrates that the target zone framework enables us to 
reconcile the empirical puzzle of why more than two decades of intensive empirical 
research have been unable to provide clear-cut empirical support for a negative 
relationship between exchange rate variability and the volume of international trade. It 
is ar~ed here that the relationship between trade volumes and exchange rate 
variability may take any forin, and that zero correlations, which were frequently found 
in the empirical literature, are obtained in the target zone framework under the free 
float solution. Furthennore, the puzzling positive correlations between exchange rate 
variability and trade volumes found in some empirical studies may also be rationalized 
within the target zone framework. 

The above proposition that any relationship between the volume of international 
trade and exchange rate variability may be justified on theoretical grounds clearly is 
very discouraging for empirical research. However, the theoretical analysis reveals 
that for countries with a similar set of parametric constellations, such as similar 
degrees of risk aversion of traders, similar degrees of target zone credibility and 
similar average band positions of exchange rates (strength or weakness within the 
band), similar correlations between trade volumes and exchange rate variability may 
be found in the data, whilst for countries with freely floating exchange rates no 
apparent relationship is to be expected. Consider the case of the countries 
participating in the Exchange Rate Mechanism (ERM) of the EMS displayed in Figure 
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1. Clearly, the relationship between the volume of rem trade (import) flows from 
Germany to ERM and non-ERM countries and an empirical measure of exchange rate 
variability, calculated as the average monthly standard deviation of daily exchange rate 
changes, is distinctly different between non-ERM and ERM countries, and strikingly 
similar between all ERM countries. Whilst the simple scatter plots reveal no apparent 
relationship for non-ERM countries, a negative but highly heteroscedastic relationship 
is revealed for all ERM countries. This striking difference between ERM and non-
ERM countries, suggesting a strong policy dependence of the empirical relationship 
between trade volumes and exchange rate variability, is highly encurraging in terms of 
motivating a detailed empirical analysis which adequately takes into account the 
exchange rate policy framework. 

The remainder of paper is organized as follows: section 2 presents a highly stylized 
model of international trade under exchange rate volatility/risk, in which risk averse 
traders may choose to hedge against exchange rate risk by obtaining forward cover. 
Foreign exchange market equilibrium is modelled as being determined in the tradition 
of the recent target zone literature, which is surveyed in section 3 of the paper. The 
theoretical link between models of exchange rate target zones and international trade 
is provided in section 4. Section S presents the empirical evidence obtained from 
applying this method to real world trade flow and exchange rate data for the EMS 
period. Section 6 concludes the paper with a summary of the main results and some 
suggestions for further research. 

2. International Trade and Exchange Rate Variability 

This section follows Ethier ( 1973) and Viaenne and de Vries ( 1992) in deriving the 
theoretical relationship between trade volumes and exchange rate variability. The 
focus of the analysis is on import demand, whilst in order to simplify the exposition 
the export supply function is assumed to infinitely elastic. Importers are modelled as 
trade houses which buy goods internationally and retail them domestically. For 
simplicity, all invoicing is assumed to occur in the currency of the exporting country.1 

Domestic (say French) importers are assumed to face an inverted demand function: 

1 See Table 1 and the discussion in section S on the relevance of this assumption for German exports 
to EC and non-EC countries. 

! 
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- M p =P--' 
l 2 , (1) 

so that the returns from imports are given by PMt - M~ /2, where ~ is the quantity 
of the imported good demanded at price P,. As is common practice in international 
trade, the importer receives trade credit for one period in order to pay the exporter. 
The imported goods are assumed to cost one unit of foreign currency (P*= 1 ), hence 
they cost et+1~ in domestic currency, where ~1 is the one-period ahead spot 
exchange rate. Since the exchange rate is a assumed to be a random variable, the 
importer may hedge against the exchange rate risk by buying a forward currency 
contract Hi at the forward exchange rate cl>, . Importers thus face the profit function: 

(2) 

where the last term represents the cost of forward cover. Under exchange rate risk 
importers are assumed to maximize the expected utility function: 

(3) 

which contains both the mean and the variance of the profits as arguments and where 
Od<«> in the case of risk aversion. 

Assume for simplicity that that no forward markets exist, that is Hi =O in equation 
(2). Let E,e,+1=s and var(et+1)=Eie~+1 =a2

, then optimizing the expected utility function: 

with respect to imports ~ results in: 

M = (P-s) (5) 
l 1 +A.al, 

Wl
"th OM,= 1 OM A.(P-s) -

1 + A.al < 0 and ~l' = 2 < 0 for P > s. ( 6) as, uu (t +A.al) 

Without hedging, the standard result of an inverse relationship between the volume of 
imports (or trade) and the variability of exchange rates is obtained. 
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Consider now the case in which forward markets exist and risk averse importers 
engage in hedging activities. Again assuming E,et+1=s and var( et+1)=E,e~+• =a2

, the 
expected utility function for the risk-free trade decision and the seperable hedging 
decision become: 

(7a) 

(7b) 

Optimi7.ation (7a) with respect to imports ~ and (7b) with respect to the hedge ~ 
results in: 

(8) 

(9) 

with OM, =-1<0 04>, , (10) 

OH, =-l+-1-04>, Aal, 

With hedging the optimal volume of imports only depends on the forward rate, but the 
optimal hedge in addition to depending on the forward rate is also a function of the of 
the risk premium (s-4>,), the degree of risk aversion A. and the exchange rate 
volatility a 2

• It is frequently argued that the above result, known as separation 
theorem, may explain the zero correlations found between trade volumes and 
exchange rate variability in the empirical literature. However, there is still no 
accounting for positive correlations. 

But even if all market participants engage in hedging, a link between import 
volumes and exchange rate variability may still be established by making use of the 
equilibrium determination of the forward rate, which sofar has been assumed to be 
exogenous. More precisely, such a link can be shown to exist if in equilibrium the 
forward rate is a function of the spot exchange rate's variability. This is precisely the 
case in the target zone literature, which is reviewed in the following section. 
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3. Exchange Rates in Target Zones 

3.1. Spot and Expected Future Exchange Rates in Perfectly 
Credible Target Zones 

The basic target zone model, which originates in the work of Krugman (1991 ), may 
be characterized by the following two equation system: 

a 
e, = ~ + dt E,(de,), 

d~ = 11dt+o~. 

(11) 

(12) 

Equation (11) states that deviations of the exchange rate E\ from a stochastic forcing 
process ~, which is referred to as fundamentals, 2 are due to speculative bubbles 
E,(de/dt). The fundamentals ~ typically include both variables with autonomous 
dynamics and variables under the direct control of the monetary authority, who aims 
at maintaining a target zone for the fundamentals via foreign exchange intervention at 
pre-specified upper (fu) and lower (fJ bounds. As will be shown below, such 
intervention implies well-specified bounds ( t;_, t;,) for the exchange rate. Equation 
(12) states that in the absence of intervention the fundamentals~ follow a continuous 
Brownian motion (or Wiener, or Wiener-Levy) process with instantaneous mean drift 
11 and variance a 2, where dZi is the standard Wiener process. 

By postulating e, to be a non-linear, twice continuously differentiable function x(·) 
of the state ~ and using Ito's lemma to derive an expression for the expectations in 
equation (11 ), the exchange rate may be derived as: 

(13) 

This second order differential equation has, as shown in Froot and Obstfeld (1989), 
the general stationary solution: 

(14) 

with A.1 and~ as the roots of the characteristic equation aa2A.2/2+aµA.-l=O: 

2 Froot and Obstfeld (1989) show (in footnote 2) how equation (11) may be derived from a monetary 
model of exchange rates such as Mussa (1976). Miller and Weller (1988, 1989a,b) present an 
interpretation of this equation in terms ofDombusch's (1976) overshooting model. 
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A.2 = 2 a. <O, a 
(15) 

and A1 ~d A,, as constants, which are determined by the boundary conditions x(fJ 
and x(fu) satisfied by the exchange rate e, at the edges of the band. These so-called 
"smooth pasting" conditions 

(16) 

ensure that x(fJ and x(fu) is flat at the boundary of the fundamentals band and tangent 
to the boundaries of the implied exchange rate band in Krugman's model of 
infinitesimal marginal intervention. In economic terms, "smooth pasting" implies that 
the exchange rate is never expected to jump in response to intervention. 3 The "smooth 
pasting" conditions (16) result in: 

from which the constants A1 and A,, are can be solved as: 

(17) 

(18) 

(19) 

For the simplified case of a zero fundamentals drift ( 11=0 and hence A.1=-

A.i=~.J2/a. /a) in a symmetrical target zone (fu=-fJ this reduces to: 

(20) 

Two types of settings of A1 and ~ are relevant in the context of standard target zone 
models: 

(a) In perfectly credible target zones "smooth pasting .. ensures A1<0 and A;>O, and 
the non-linear relationship between the exchange rate and its fundamentals has the 
well-known S-shape. The slope of the exchange rate function is thereby always 

3 If such jumps were to be admitted, risk neutral investors would face an arbitrage opportunity as 
fundamentals approach the point of intervention at the margins of the band Flood and GaJber (1989) 
further show that this no-jump requirement also provides boundary conditions for more general 
intervention policies, such as finite intervention strictly in the interior of the band 
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less than one, which reflects Krugman's "honey moon" effect: the existence of 
perfectly credible fundamentals band gives rise to speculative bubbles which 
stabilize the behaviour of the exchange rates within an even narrower band. Note 
that this result holds for all credible target zones, either with or without 
inftamarginal intervention. 

(b) Completely ruling out speculative bubbles and ignoring the existence of a target 
zone (A1=A.i=O) results in a linear relationship between the exchange rate e1 and 
its fundamentals ~· This basically is the free float solution under which exchange 
rates are always driven by a random walk stochastic process. Formally this may be 
derived from the coefficient restriction (19) by assuming infinitely wide 
fundamental bands ·and hence letting the lower bound fL go to minus infinity and 
the upper bound fu to infinity. 

The exchange rate functions under both the free-float (linear) and the fully credible 
target zone (S-shape) are depicted in Graph 1, which following Svensson (1990b) 
uses a zero fundamental drift (µ= 0), er- 0.1, a=3 and a symmetrical fundamental 
band of fu=-fL=0.094, which implies a symmetrical exchange rate band of eu=-
er_=0.015.4 'Note that the target zone exchange rate function in Graph 1 is bent away 
from the free float rate, and, in accordance with the "smooth pasting conditions (19) is 
tangent to the edges of the exchange rate band. Moreover, the exchange rate in a 
target zone is less responsive to movements in fundamentals than the free float 
exchange rate, "t{tj<l , a result which Paul Krugman (1991) labelled"honey-moon" 
effect. As a result of this "honey-moon" effect the exchange rate is stabilized in a band 
which is narrower than the band of the fundamentals. 

4 Svensson (199la) shows that in case of a symmetrical fundamental band (fu=-fL) and a zero 
fundamentals drift (µ.=O) the target zone model has a neat solution: the roots i..1 and ~ are given by 
i..1=-i.. and ~=i.., with i..=J2/o./a, and the constants A1 and~ fulfill A1=A and ~=-A, with A=l/[2i.. 
cosh(A.fu)J. The target zone exchange rate function can then be written as x(f)=f-
sinh(A.f)/Acosh(Afu)· 
' Lindberg and SOderlind ( 1991) show that in order for the monetary authority to determine a 
suitable symmetric band around zero for the fundamentals (fu - fJ which corresponds to a desired 
symmetrical exchange rate band ( eu~, the equation Su=fu·tanh(Afu)li... 
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Graph 1: Exchange Rates and Fundamentals in a Perfectly Credible 
Target Zone with Infinitesimal Marginal Intervention 
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By applying Ito's lemma to the exchange rate function x(t;), the instantaneous 
(conditional) standard deviation of the exchange rate may be obtained as:6 

(21) 

which is the product of the standard deviation of the Brownian motion fundamentals a 
and the derivative xJx·1(e)] of the exchange rate function.7 Graph 2 displays this 
instantaneous standard deviation of the exchange rate, again for the case of a zero 
drift with ..,=0, a= 0.1, a=3 and symmetric fundamentals band fu=-fL=0.094 (eu=-
ei.=0.01). The inverted U-shape of this function suggests that in a perfectly credible 
target zone the instantaneous standard deviations of the exchange rate are largest in 
the middle of the exchange rate band, and fall towards zero at the edges of the band, 
due to the "smooth pasting" conditions. Exchange rate target zone models thus imply 
a deterministic non-linear relationship between the exchange rate (or its relative band 
position) and the instantaneous conditional variability of exchange rates. 

6 See Svensson (1989, 1991) and Lindberg and S&lerlind (1991). 
7 It is obvious that for a zero drift and a symmetrical fundamentals band the derivative in (22) is 
given by "t{f(e))=l- cosh()J)/Acosh(iJ'u). 
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Graph 2: Instantaneous Conditional Standard Deviation of the 
Exchange Rate in a Perfectly Credible Target Zone 
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The effects of an exchange rate target zone on the tenn structure of rationally 
expected future exchange rates was first derived fonnally in Svensson (199lb), who. 
demonstrates that the exchange rate expected to prevail in period t~, conditional on 
infonnation available in period t, h(f;t)=E[x{flt)}lf0 =f], is a complicated non-linear 
heteroscedastic stochasic process with variable drift and variable instant~eous 

standard deviation. Svensson (199lb) shows that the function h(f;t) can be derived as 
the solution to the partial differential equation: 

with the initial condition: 

h(f;O)=e(f), f L s f s f u, (22b) 

and the derivative boundary conditions: 

(22c) 

Svensson (199lb) derives both an analytical Fourier-series solution, based on methods 
described in Churchill and Brown (1987), and a numerical solution, based on the so-
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called explicit method described in Gerald and Wheatley (1989), for the parabolic 
partial differential equation (22a).8 The present analysis is based on the analytical 
Fourier series solution, which is outlined in more detail in the Appendix of this 
Chapter?. The Fourier series solution of the parabolic differential equation (22a) with 
initial condition (22b) and boundary condition (22c) is illustrated in Graph 3, which 
displays the term structure of expected maturity exchange rates as a three-dimensional 
non-linear function of both the fundamentals and the term.10 

Graph 3: Expected Maturity Exchange Rate and Fundamentals in a 
Perfectly Credible Target Zone 

Exchange Rele Expectation• end Pundementei. E.xpecleUons ac f'undemenle ls 

Expected Meturlly Band 

For zero term (t=O), the expected exchange rate h(t:t), of course, coincides with 
the actual exchange rate e1, and consequently the front line in the three-dimensional 

8 Both the direct numerical method and the analytical Fourier series method, of course, yield the 
same quantitative results. Svensson ( 1991 b) uses the direct numerical method in calcutating the 
three-dimensional graphs in which he displays his results. However, the present analysis uses the 
analytical Fourier series solution for deriving the same three-dimensional graphs. 
9 As the published version of the paper by Svensson (199lb) does not contain the analytical Fourier 
series solution on which the graphs in the present paper are based, this Fourier series solution is 
reported here from Svensson's (199lb) Centre for Economic Policy Research (CEPR) Discussion 
Paper No. 495, pages 29-32. 
IO The analytical Fourier series solution involves the summation of infinitely many temlS, 
(n=0,1,2, ... ) and in practice this analytical solution has to be computed numerically as a summation 
of a truncated series. In the present analysis a truncation at n=9 proofed to be ~ciently accurate to 
reproduce Svensson's results based on the direct numerical method. 
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plane on the right-hand side of Graph 3 is identical to the S-shaped exchange rate 
function from Graph 1 above. For positive and short terms, such as those relevant for 
short-term trade credits, the expected exchange rate h(f,'t) has a similar but flatter S-
shape, as is shown most clearly in the upper two-dimensional zoom on the right-hand 
side of Graph 3. The expected exchange rate h(f,t) thereby still is increasing in the 
fundamentals ~ and, due to the "smooth pasting" conditions, flat at the edges of the 
band. However, for longer terms the expected exchange rate's band tends to converge 
to the exchange rate's unconditional mean, which is zero in the current example with 
symmetric bands (fu=-fL=0.094, eu=-ei_=0.01) and zero fundamentals drift (11=0). This 
can also be seen from the lower two-dimensional zoom on the right-hand side of 
Graph 3, which displays the fluctuation band of the expected exchange rate h(f,t) 
against the maturity t. The width of the expected exchange rate's band is decreasing in 
tenn t in a non-liniear fashion, and tends to vanish for longer tenns. 

Graph 4: Expected Maturity Exchange Rate and Exchange Rate 
Variability in a Perfectly Credible Target Zone 
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For zero term ('t=O), the variability of the expected exchange rate h(f,t) is identical 
to that of the actual exchange rate e,, and consequently the inversely U-shaped 
function from Graph 2 is obtained. For positive and short terms {t=l,2,3, ... ,12), such 
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as those relevant for short-term trade credits, the expected exchange rate h(f;t) has a 
similar but more compressed inverted U-shape, due to the stabilizing effects of 
expected future central bank intervention. 

Since the relationship between exchange rate variability and instantaneous spot 
exchange rates as well as expected short-term future exchange rates are both 
qualitatively and quantitatively so similar, the remainder of the paper will, in order to 
simplify the analysis, treat both rates as identical. The key aspect of models of fully 
credible exchange rate target zones in the context of the present paper thereby is that 
they imply a non-linear inversely U-shaped relationship between spot as well as 
expected future exchange rates and the variability of exchange rates. In the previous 
section this was shown to be sufficient to establish a link between trade volumes and 
exchange rate variability even under the validity of the "seperation .theorem" in the 
presence of hedging. 

3.2. Exchange Rates, Realignments and Models of Imperfectly 
Credible Target Zones 

The model of perfectly. credible exchange rate target zones discussed above is 
highly stylized and has largely been refuted by the data, as discussed in detail in the 
empirical literature by Flood, Rose and Mathieson (1990), Bertola and Caballero 
(1990, 1991), Bertola and Svensson (1991), Rose and Svensson (1991), Svensson 
(1991d, 1992) and Weber (1991b, 1992), amongst others. In order to evaluate the 
link between trade volumes and exchange variability in real world targ~t zone 
arrangements, more realistic features, such as imperfect target zone credibility and 
realignments, have to be introduced into the above target zone model. 

Imperfect credibility has been introduced into the standard target zone model in 
various ways: Svensson ( 1991 b) models imperfectly credible exchange rate target 
zones by introducing an exogenously given constant devaluation risk, and Bertola and 
Svensson ( 1991) explicitly formalize time-varying devaluation expectations as a 
second state variable in addition to the fundamentals in their model of an imperfectly 
credible target zone. Krugman (1991) and Bertola and Caballero ( 1991 ), on the other 
hand, analyse the case where an imperfectly credible target zone collapses with a non-
zero probability whenever the fundamentals hit the boundary of the fundamentals 
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band. Whilst in Krugman (1991) the system reverts to a free float in case the target 
zone is not defended, Bertola and Caballero (1991) assume that the alternative to 
defending the current target zone is to initiate a realignment, that is a shift from one 
target zone to another. The treatment below follows this second branch of the 
literature in evaluating the importance of imperfect credibility on exchange rate 
dynamics within a target zone. 

The effects of imperfect credibility may best be highlighted by consulting 
Krugman' s ( 1991) example of a possible collapse of the exchange rate target zone, as 
is illustrated in Graph S. At point A (B) with f=fL (f=fu) the familiar S-shaped 
exchange rate function of a fully credible target zone "smooth pastes" at the lower 
(upper) boundary~ (eu) of the targeted exchange rate band. At Ft\_ (f=eu) the free 
float exchange rate function intersects with this currency band. At point D (G) with 
f=f0 (~) the equilibrium exchange rate function of Krugman' s imperfectly credible 
target zone model hits the boundaries of the targeted currency band. At this point D 
(G) the monetary authority must intervene, either to defend the current target zone 
with probability 1-1t (0~1t~l) or to abandon the target zone and revert to a free float 
with probability 1t.11 For the case that the target zone is defended, the exchange rate e 
jumps to point E (H) on the exchange rate function e, = ~ + att + A1e11'1 + A2e12'1 the 
S-shaped fully credible case. In case the target zone is abandoned, the exchange rate e 
jumps to point F (I) on the freely floating trajectory e=f. Thus, given the exogenous 
probability 1t of a collapse of the target zone with upper (lower) boundary ~ ( eu), the 
upper (lower) boundary f0 (fa) of the corresponding target zone for fundamentals 
must at the point of intervention satisfy the "no arbitrage" condition that the expected 
jump of the exchange rate in response to the intervention at the lower and upper 
boundaries of a pre-specified exchange rate band must be zero: 

0=(1-1t~f0 +a11+A1e
1•'0 +A2e12'0 -et)+1t(f0 +tta-eL), (23a) 

0 = {1-1t~ f0 + att + A1e11'0 + A2e1ifo - eu] + 1t(f0 + tta - eu ), (23b) 

which implies the boundary conditions: 

eL = fo +att +{l-1t)[ A1e>..1fo + A2e1ifo ], 

eu = fa + att +(I -1t X A1 e>..aro + A1e1i'o ), 

11 See also Pesenti (1990), pp. 26 on this point 

(24a) 

(24b) 
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whilst the solution for the equilibrium exchange rate inside the band is given by: 12 

e - f. +a'" + (1- 1t ,r A eA.1ft +A e~''] t - t "I 'I. I 2 • (25) 

The collapse probability 1t appears in both the boundary conditions and the 
equilibrium exchange rate solution only as a multiplicative factor on the non-linear 
part. For simplicity, consider the case of driftless fundamentals with T1=0. For x=l the 
boundaries of the equilibrium exchange rate trajectory coincide with the free float 
trajectory and f0 =ei_ (f0=eu) holds for the lower (upper) bound of ·the implied 
fundamentals band. For 1t=O the target zone is defended with certainty and the 
boundaries of the implied fundamentals band f0 (fa) must be equal to fi. (fu), the 
margins of a fully credible target zone. For Oc0t<l, however, the boundaries of the 
equilibrium trajectory lie somewhere between those of the freely floating trajectory 
and those of a fully credtole target zone. The higher the collapse probability, the 
narrower will be the range of intervention-free fundamentals movements which is 
consistent with a given width of a targeted exchange rate band. 

Graph S: Exchange Rates and Fundamentals in Krugman's Model of 
an Imperfectly Credible Target Zone 
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12 See, for instance, Pesenti (1990). 
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A slightly different approach to modelling imperfectly credible target zones is 
adopted in Bertola and Caballero ( 1991 ), who assume that the target zone is defended 
with probability l-7t (OS7tSl), whilst with probability 1t a realignment, viewed as 
infrequent, recurring stochastic regime shift, is initiated. The authors thereby assume 
that the monetary authority only intervenes at the margins of the fundamentals band, 
that is, at prespecified, common knowledge points cifu and c,+fu, where c, stands for 
the no longer immutable current central parity and fu for the upper boundary of the 
fundamentals band. In contrast to Krugman's (1991) model of infinitesimal marginal 
intervention, which leaves the band position of the exchange rate at interventions 
unaltered, Bertola and Caballero (1991) further assume that the current target zone is 
defended by discrete marginal inteivention, which brings the exchange rate back to the 
centre of the current band ( e,=c0=Q, 13 whilst a realignment of size 2fu brings the 
exchange rate to the centre of the new band ((\=c1=c0+2fu=f;,+2f0 ). 

As in Krugman' s (1991) model above, the exchange rate must for a given 
exogenous realignment probability 7t at the point of intervention must satisfy the "no 
arbitrage" condition that the expected jump of the exchange rate in response to the 
intervention at the lower and upper boundaries of the band must be zero: 

x(c, +fu,c,) = mc(ct +2fu,c, +2fu)+(l-7t)x(c,,c,), (26a) 

x(~, -fu,c,)= mc(c, -2fu,c, -2fu)+°(l-7t)x(c,,c,). (26b) 

For the simple but instructive case of a zero fundamentals drift ( ,,=0 and hence A.1 =-
"'2=.Jl/a /a) in a symmetrical target zone (fu=-fJ this may, after inserting the 
relevant exchange rate function: 

(27) 

into the above boundary conditions (26a,b), be modified to: 

cl + fu + Ae-Afu - Aeuu = 1t( cl + 2f0 ) + (l - 7t)cl (28a) 

c, -fu + AeAfu -Ae-Afu = 1t(c1 -2fu)+(l-1t)C1 (28b) 

13 Bertola and Caballero (1990) model central bank intervention in foreign exchange markets as 
discrete {large and infrequent) marginal intervention, as in the Flood and Garber (1989) model, 
instead of infinitesimal {small and frequent) marginal intervention, as in the Krugman (1991) and 
Svensson (199 lb) models. 
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from which the constant A (=A1=-AJ can be solved as: 

(29) 

Clearly, the familiar S-shape14 of the exchange rate function, which requires A>O, 
results in an imperfectly credible target zone only for 7t<l/2, whilst the free float 
solution with A=O emerges here for 7t=l/2. Finally, for 112<7t~l the exchange rate 
function is everywhere steeper than it would be under a free float, and an exchange 
rate function with an inverted S-shape is obtained, implying that a non-credible target 
zone may have inherently destabilizing effects on exchange rates. This result of the 
Berto la and Caballero (1991) model is depicted in Graph 6, which displays the 
exchange rate function in an imperfectly credible target zone under various degrees of 
realignment risk, that is, different values of the exogenous realignment probability 7t. 

Graph 6: Exchange Rates and Fundamentals in an Imperfectly 
Credible Target Zone with Discrete Marginal Intervention under 

Various Degrees of Realignment Risk 
Exchange Rale and Fund a menlalt In a n bchana~ Rate k f'u ndementall 

lmpcrfcclly Credible Targcl Zone 

Excheca~ Relc Bond 

14 As opposed to the fully credible infinitesimal marginal intervention case, these S-shaped 
exchange rate functions in the discrete marginal intervention case do exhibit smooth-pasting at the 
boundaries of the exchange rate band. 
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As in the case of a fully credible target zone, the slope of the exchange rate 
function in an imperfectly credible target zone has important implications for the 
exchange rate's (conditional) instantaneous standard deviation, c:t'(e)=oxd:x-1(e)], 
which is the product of the standard deviation of the Brownian motion fundamentals a 
and the derivative xJx-1(e)] of the exchange rate function. Graph 6 displays the 
standard deviation of the exchange rate, again for the case of a zero drift with 11=0, 
a= 0.1, a=0.3 and symmetric fundamentals band f0=-fL=0.094. In both fully (7t=O) and 
relatively credible (O<n:<l/2) target zones the standard deviatioµ of exchange rates has 
an inverted U-shape. For x= 1/2 the standard deviation of the exchange rate is uniform 
across the band and for a zero fundamental drift (11=0) equal to the standard deviation 
a of the fundamentals process. Finally for non-credible ( 1/2<x<l) target zones the 
exchange rate's standard deviation has an U-shape, and in all cases the exchange 
rate's instantaneous standard deviation functions are more compressed for smaller x' s. 

Graph 7: Standard Deviation of the Exchange Rate 
in an Imperfectly Credible Target Zone under 

Various Degrees of Credibility. 
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4. International Trade and Exchange Rate Target Zones 

As discussed above, the existence of currency bands around official central 
exchange rate parities gives rise to intrinsic exchange rate dynamics, which are 
distinctly different from those derived under both freely floating and completely fixed 
exchange rate systems. This has been shown to have important implications for the 
variability of exchange rates in both types of exchange rate systems. Given the 
sluggishness of relative price adjustments, the existence of target zones for bilateral 
nominal exchange rates may therefore also have important implications for 
international trade in real world target zone arrangements such as Bretton-Woods or 
the European Monetary System, given that in models of international trade the 
volume of trade typically depends on the exchange rate and/or the exchange rate's 
variability. Surprisingly, this aspect of target zone models has to date not been 
addressed in the literature, and it is the aim of this section to fill this gap. 

Consider the model of international trade from section 2, but assume that instead 
of fluctuating freely the exchange rate (say for the ·FF/DM) is bound to fluctuate 
between the lower and upper limit of a currency band. In the case of hedging the 
volume of imports is a negative function of the expected future (or forward) exchange 
rate, which in a target zone is closely related to the current exchange rate. IS 

Assuming for simplicity that import demand M relative to its nonnal level M'.is linear 
in the exchange rate, or rather of the exchange rate's band position s=( e-e1}, results in 
the empirical import demand function: 

M=M-y(e-f!). (30) 

Consider first the case of a fully credible exchange rate target zone. Combining the 
import demand function (30) with the relationship (22) between the exchange rate's 
band position and its variability, as measured by the instantaneous (conditional) 
standard deviation, results in the relationship between import demand and exchange 
rates variability depicted in Graph 8. 

IS One of the well-estabished stylized facts about the time series properties of freely floating 
exchange rates is their random walk stochastic behaviour. The rational expectation of future 
exchange rates under such a random walk, which is the discrete time equivalent of the Brownian 
motion process driving exchange rate fundamentals in the target zone model, are equal to the current 
spot exchange rate. 
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Graph 8: Import Demand and Exchange Rate Variability 
in a Perf~tly Credible Exchange Rate Target Zone 

M 

CT (e) 

The upper right quadrant of Graph 8 shows that in a fully credible target zone the 
relationship between import demand and exchange rate variability has an inverted U-
shape. Thus, depending on the exchange rate's band position any correlation between 
the volume . of trade (imports) and a variability-related measure of exchange rate 
uncertainty may emerge. Note that this result may resolve the puzzle of why empirical 
studies frequently found no or a significant positive relationship between the volume 
of trade and a measure of exchange rate uncertainty, rather than detecting the 
postulated negative relationship. 

How does imperfect credibility of the monetary authority's commitment to 
defending the target zone affect the above finding. Consider the Bertola and Caballero 
(1991) model in which the above fully credible target zone is obtained for x=0. 16 The 

16 The "smooth pasting" result of a fully credible target zone with infinitesimal marginal 
intervention results from the discrete marginal intervention case of the Bertola and Caballero (1991) 
model for n=0.08, with 1t being determined by the width of the fully credible exchange rate target 
zone (eu=0.015) and the width of the non<redible target zone for r-1 (Cu=2Q. 



-22-

extreme opposite to this case is that of a non-credible target zone with x= 1 in which 
realignments occur with certainty as soon as the fundamentals hit the boundaries of 
the band, whilst the intennediate case with r-0.5 characterizes the free float solution. 
Graph 9 indicates the resulting relationship between the volume of trade (imports) and 
exchange rate variability under various degrees of realignment risk, as measured by 
the realignment probability 1t. 

Graph 9: Import Demand and Exchange Rate Variability 
in Imperfectly Credible Exchange Rate Target Zones 
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Several aspects of these results deserve mentioning. First, when compared to the 
free float solution, credible target zones are typically associated with lower degrees of 
exchange rate variability whilst non-credible target zones result in higher degrees of 
exchange rate variability for a given degree of variability in exchange rate 
fundamentals. Second, the relationship between exchange rate variability and ,the 
volume of trade is highly non-linear and linear estimates of this relationship may result 
in positive or negative correlations, depending on the exchange rate's band position 
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and the credibility of the central bank's commitment to defending a given target zone. 
Finally, under a free float no relationship between trade flows and exchange rate 
variability may be detected. 

To summarize, the above discussion has shown that even if the exchange rate risk 
inherent in international trade is hedged by risk-averse traders, an indirect link 
between trade volumes and exchange rate variability may exist via the equilibrium 
determination of forward exchange rates in a target zone model. The problem with 
estimating the relationship between trade volumes and exchange rate variability in the 
context of the above target zone model is that this relationship is non-linear, and that 
both the spot and expected future exchange rates and the exchange rate's variability 
are jointly endogenously determined by movements of the exogenous fundamentals 
process as well as the likelihood of future reali8nments ancVor intervention at the 
edges of the band. Furthennore, the estimated slope coefficients of the exchange rate 
variability variable in a linear regression equation for trade (import) volumes may have 
a positive, zero or negative sign depending on a number of factors such as· the 
exchange rate's band position and the credibility of the central bank's commitment to 
defending a given target zone. However, it is argued above that linear regression 
analysis may help to uncover a relationship between the exchange rate's band position 
and the volume of trade. This proposition, amongst others, is tested empirically in the 
next section of the paper . 
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S. Empirical Evidence 

S.1. Trade Data Analysis 

Before turning to the empirical estimates, it is important to take a closer look at 
the data in order to understand the time-pattern of Gennany' s external trade, its 
composition, and its possible detenninants. 

An important aspect concerns currency-invoicing patterns. Table 1 reports the 
currency-invoicing pattern of German imports and exports together with the 
composition of the volume of Gennan exports and imports by destination and origin 
respectively. Several features of these data are important in the context of the present 
paper. First, the vast majority of German exports is invoiced in D-Mark, whilst for 
German imports the US Dollar also plays an important role. The currency 
denomination of German exports, as opposed to German imports, has been relatively 
stable at about 80 percent throughout the 1980s. The same is true for the US Dollar 
invoicing of German exports, which on average fluctuated around 8 percent, but rose 
slightly, together with the volume of German exports to the United States, to almost 
10 percent during the steep drop of the $/DM exchange rate in 1984/85. The ratio of 
German exports to the United States and the percentage of US Dollar invoicing of 
German exports roughly correspond, indicating that the bulk of exports from 
Germany to the United States was invoiced in US dollars. Prior to 1982 the data 
further suggest that the US dollar was used as an export vehicle currency11, whilst the 
Japanese Yen played no role as a international trading currency prior to 1984. Finally, 
only approximately 20 percent of German exports to EC countries (see for example 
France or the UK) appear to be invoiced in the currency of the country of destination, 
suggesting that, as for overall Gennan exports, the remaining 80 percent are again 
invoiced in D-Mark. A completely different picture emerges for the invoicing pattern 
of German imports. Here the vehicle currency role of the US Dollar is most obvious, 
since in the early 1980s German imports from the United States amounted to only one 
quarter of those German imports which were invoiced in US Dollars. The role of the 
US Dollar as an international vehicle currency for Gennan imports declined drastically 
with the pronounced S/DM movements during the mid 1980s, whilst at the same time 
the Japanese Yen emerged as an international trading currency and DM invoicing of 
Gennan imports increased considerably to over 50 percent. 

17 During this period the ratio of US dollar invoicing exceeds the ratio of Gennan exports to the 
United States. 
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TABLE 1 
Currency Invoicing of German Foreign Trade and Volumes of Bilateral 

Trade Flows 
(both in e!.rcent o[. total exports or imf!!.rtsl 

Currency 1980 1981 1982 1983 1984 198S 1986 1987 1988 
Exports 

DM 82.S 82.2 83.2 82.6 79.4 19.S 81.5 81.5 n.a. 
(intra EC) 49.l 46.9 48.l 48.l 47.7 49.8 50.8 52.7 
USS 7.2 7.8 6.7 7.0 9.7 9.S 7.7 7.4 n.a 
(vs USA) 6.1 6.5 6.6 7.6 9.6 10.3 10.5 9.5 
UK£ 1.4 1.3 1.3 1.S 1.7 1.8 1.7 1.8 n.a 
(vs UK) 6.5 6.6 7.J 8.2 8.3 8.6 8.5 8.8 
Yen 0.0 0.0 0.0 0.0 0.3 0.4 0.4 o.s n.a 
(vs Japan) 1.1 1.2 1.2 l.J 1.4 1.5 1.7 2.0 
FFr 2.8 2.8 2.8 2.8 2.8 2.7 2.7 2.S n.a 
(vs France) JJ.3 13.l 14.l 12.9 12.6 11.9 11.8 12.l 
Sfr o.s o.s o.s o.s o.s o.s o.s 0.6 n.a. 
(vs Switterl.) 5.7 5.2 5.1 5.2 5.3 5.4 5.9 6.1 
Others S.6 S.6 s.s S.8 S.1 S.1 s.s S.1 n.a. 

Imports 
DM 43.0 43.0 44.6 46.1 47.0 47.8 Sl.1 S2.1 S2.6 
(intra EC) 46.6 47.3 48.l 49.l 47.9 5'0.8 52.2 52.6 51.7 
USS 32.3 32.3 31.3 28.8 29.2 28.1 23.2 22.0 21.6 
(vs. USA) 7.5 7.7 7.5 7.1 7.2 7.0 6.5 4.8 6.6 
UK£ 3.4 3.7 2.S 2.7 2.4 3.0 2.3 2.5 2.4 
(vs UK) 6.7 7.4 7.2 7.0 7.7 8.0 7.2 7.2 6.9 
Yen 0.0 0.0 0.0 0.0 0.0 1.8 2.6 2.5 2.5 
(vs. Japan) 3.1 3.S 3.4 3.8 4.2 4.5 5.8 6.2 6.5 
FFr 3.3 3.0 3.4 3.S 3.6 3.8 4.1 3.9 3.6 
(vs. France) 10.7 10.9 11.4 ll.4 10.6 10.6 11.4 11.6 12.1 
Sfr 1.6 1.6 1.6 l.S l.S 1.S 1.7 1.8 1.7 
(vs. Switterl.) 3.6 J.4 3.4 J.6 3.6 3.7 4.5 4.6 4.5 
Others 15.4 16.4 16.6 17.4 16.S 14.0 14.5 14.9 15.6 

Source: Tavalas (1991), Table 7, which is compiled from unpublished data of the Deutsche 
Bundeshank, and Deutsche Bundesbank, Monatsbericht, Table IX.2, various issues. 
Note: Upper numbers are percentages of total German exports/imports invoiced in that currency. 
The lower italic numbers are the percentage shares of that country in total German exports/imports 

Given the drastic changes in the invoicing pattern of German imports, it is obvious 
that the direct effects of exchange rate policy on bilateral trade flows themselves and 
the indirect effects, which work through the currency invoicing-patterns, for example 
by substituting a highly variable vehicle currency (the Dollar) against a less variable 
trade-invoicing currency (the D-Mark), will be hard to distinguish empirically. 
Therefore, on account of these more stable trade-invoicing patterns the empirical 
analysis below will concentrate on German exports. 
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A second important issue is the distinction between trade with large open 
economies, on one side, and small open economies on the other side. At a purely 
descriptive level the distinction between small and large EC trading partner countries 
appears to be an important one when comparing the time-pattern of the volume of 
German real exports (March 1979=100) to the indices of industrial production in 
these countries in Figure 2. For the smaller EC countries Belgium, Denmark and - to a 
lesser extent - the Netherlands the time-profile of German exports closely matches 
that of their industrial production, indicating a high degree of intra-industry 
integration through trade. Except for the seasonal outliers in the sumilter vacation 
time this close association between Gennan exports and economic activity in the 
country of destination is much less pronounced for the large ERM countries, France 
and Italy, and completely absent for the three large non-ERM countries. The high 
degree of economic integration through trade between Germany and the Benelux 
countries, Belgium and the Netherlands, is also apparent from Figure 3, which 
compares German exports to these countries with the time pattern of German 
industrial production (March 1979=100). For both Belgium and the Netherlands it is 
apparent that a stable, almost constant fraction of German industrial production has 
been exported to these countries throughout the 1980s. Furthennore, through trade 
real economic activity between Gennany and the Benelux countries seem to be closely 
linked, pointing towards a high degree of international transmission of business cycles. 
For the remaining ERM countries, Denmark, France and Italy, and even more so for 
the non-ERM countries, this feature is missing from the data. 

What economic factors contributed to the over proportional boosting of imports 
from Germany relative to domestic industrial production in the non-Benelux 
countries? Differential exchange rate movements appear to be an important economic 
factor, as is obvious from Figure 4, which displays the time-profile of German exports 
(March 1979=100) against the movements of nominal exchange rates (national 
currency units/DM, solid line, March 1979=100) and relative price movements 
(dashed· line, March 1979=100). For the ERM countries, France, Italy and Denmark, 
trade flows from Germany seem to exhibit a relatively close positive correlation with 
nominal exchange rate movements, whilst for the countries outside the ERM this 
correlation appears to non-existent or even negative. 

In order to gain a better understanding of the importance of the exchange rate 
policy framework for bilateral trade flows, the behaviour of real bilateral exchange 
rates (co=P/eP*) is depicted in Figure 5 together with the bilateral D-Mark real 
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exchange rate target zones implied by nominal exchange rate bands ( t;.~) for a 
given relative price ratio (P* IP). These real exchange rate target zones reveal 
important infonnation about ERM realignment strategies. Consider panel Sa first: due 
to persistently higher French inflation the real exchange rate target zone (FF/DM) 
drifts away from the initial parity (March 1979=100) During the D-Mark weakness in 
1980 the real exchange rate moves to the lower edge of the band, but this crisis is 
resolved by central bank intervention in support of the D-Mark rather than by a 
realignment. During 1981 the real exchange rate remains relatively stable, but due to 
persistently higher French inflation drifts from the bottom to the top of the band. The 
November 1991 devaluation only incompletely adjusts for cumulative past inflation 
differentials, and re-sets the real FF/OM exchange rate to the bottom of the band. 
Again the real exchange rate remains relatively stable and due to still persistent 
inflation differentials drifts once more from the bottom to the top of the band. The 
June 1982 devaluation again adjusts only incompletely for cumulative past inflation 
diffemtials, and the same process repeats itself again and again. Even though the drift 
of the real exchange rate target .zone declines somewhat after 1987 due some degree 
to inflation convergence, the pattern of real exchange rate movements within the 
target zone persists even after late 1990, and the most recent (September to 
December 1992) ERM exchange rate crisis comes as little surprise. In the case of Italy 
realignments did not even attempt to off-set past cumulative inflation differentials, and 
resulted in trend real exchange rate movements. Only for the Dutch guilder and in the 
post-1986 period for the Belgian Franc has the ·ERM succeeded to stabilize real 
exchange rates Within a more or less constant target zone. After 1983 the Dutch 
guilder thereby stayed well in the middle of this target zone, whilst the Belgian Franc 
fluctuated at the upper edge, but moved towards the middle after German unification 
in late 1989. 

The important point about these ERM realignment strategies is that they have 
resulted in a real appreciation of the weak ERM currencies, since devaluations only 
incompletely compensated for cumulated past inflation differentials. These political 
misalignments, which had a considerable degree of persistency, boosted German 
competitiveness abroad, but this process occurred in discrete erratic jumps 
surrounded by considerable nominal exchange uncertainty. Figure 6 displays the time-
paths of a measure of exchange rate variability calculated as the within-month 
standard deviation of daily exchange rate changes (exclusive of realignment dates). 
Clearly within-month exchange rate variability appears to follow a very erratic 
process. Three facts about exchange rate variability are worth noting: first, on average 
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D-Mark exchange rate variability is considerably lower amongst ERM countries. 
Second, whilst D-Mark exchange rate variability has declined amongst ERM 
countries, it has remained relatively high with respect to the non-ERM currencies. 
Third, D-Mark exchange rate variability amongst ERM countries has frequently been 
extremely high in periods surrounding realignment dates, even though exchange rate 
changes at realignment dates have been disregarded when generating this monthly 
series from daily exchange rates. This fact indicates that even if average exchange rate 
variability has declined within the ERM, exchange rate risk, in particular around 
suspected realignment dates, has been just as high as under freely floating exchange 
rates. 

The target zone framework suggests that target zone credibility is an important 
detenninant of whether or not exchange rate variability declines under a system of 
currency bands relative to a free float. Figure 7 shows that average variability of D-
Mark exchange rates of France, Italy and Belgium has been high only at the edges of 
the bands, typically at the weak threshold position (France and Italy). According to 
theory this high exchange rate variability at the edges of the band points towards a 
lack of target zone credibility. This view is supported by Figure 8, which displays the 
actual exchange rate bands of ERM currencies against the .expected exchange rate · 
bands implied by three-month Euro market interest rate differentials. 18 Calculating the 
percentage overlap of actual and expected future exchange rate bands for various 
maturities can be viewed as a conservative test of target zone credibility, and Figure 9 
displays the resulting 'simple tests' for target zone credibility for various maturities ( 1 
day, 1 month, lyear). It is obvious from Figure 9 that except for the Dutch Guilder 
the ERM has failed to establish credible D-Mark exchange rate target zones until very 
recently, and even then target zone credibility has been far from perfect. This suggests 
two things: first, for some countries the variability of ERM exchange rates appears to 
be linked to the exchange rate's band position, and it may thus be difficult to find that 
exchange rate variability adds significantly to the explanatory power of a regression 
which already includes the exchange rate (or its band position) as an explanatory 
variable for the volume of trade. Second, in Figure 1 a simple scatterplot displaying 
the measure of exchange rate variability against the volume of real German exports 
suggests that for ERM currencies high volumes of exports appear to coincide with 

18 This test is a modification of Sveimon's (1989) simple test for target zone credibility, which 
assumes that the exchange rate's band position remains unaltered. The present test is more 
conservative in the sense that a lack of target zone crechl>ility is only indicated if even under the most 
favourable movements within the band the expected exchange rate will lie outside the current 
boundaries. 
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low exchange rate variability, whilst intermediate and low volumes of exports are 
associated with on average higher, but also more widely dispersed, exchange rate 
variability. For non-ERM currencies this pattern of the data, which is strikingly similar 
for all ERM currencies, is not to be found. Furthennore a linear regression line 
through the (M,a)-plane may not pick up the negative correlation between the 
exchange rate variability a and the volume of trade M owing to a considerable degree 
of heteroscedastisity. 

S.2. Regression Analysis of Trade Flows 

In order to evaluate the importance of the exchange rate policy making framework 
for international trade flows, the above non-fonnal evidence will be supplemented 
below by more formal tests. 

The emphasis of the empirical estimates is on the exchange rate framework, which 
may or may not cause imports of German goods to deviate from otherwise normal 
levels. The latter are assumed to be in principle demand-determined, primarily by 
domestic income, which is approximated (for lack of monthly national income data) 
by the monthly index of industrial production (Y .). However, imports are also allowed 
to be supply-side constrained by economic activity in the exporting country, here 
approximated by movements in the monthly German index of industrial production 
(Y, *). The exchange rate framework is assumed to influence bilateral trade flows 
primarily through the relative price variable, as measured by the bilateral real 
exchange rate (co,=P,-e,-P,*). Finally, third-country (or import-substitution) effects are 
captured by the inclusion of a second relative price variable, the bilateral US-Dollar 
real exchange rate (co,US::P,-e,us-P,us). Note that since real exchange rate movements 
are dominated in the short-run by nominal exchange rate movements, this variable in 
part also reflects the effects of the usage of US-Dollars as an international vehicle 
currency in trade invoicing. Thus, the basic regression equation considered here is 
given by: 

(31) 

Two alternative testing strategies are implemented. First, the above equation is 
estimated and it is tested whether the variability of exchange rates adds significant 
explanatory power to this equation, and whether or not this variable has the correct 
sign. This basically resembles the testing strategies followed in the empirical literature 
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on the relationship between trade flows and exchange rate uncertainty. The second set 
of tests goes beyond this literature. In order to quantify any target zone effects and to 
distinguish them empirically from the relative price effects, the real exchange rate for 
ERM countries is split analytically into two components: the deviation of the nominal 
exchange rate ( e.) from parity (et), 5i ~-et, and a relative price or real exchange rate 
variable which evaluates price ratios at the official exchange rate parity (w,=P,-et-P,*). 
Within the target zone framework the variability of exchange rates is a (not 
necessarily linear) function of the exchange rate's band position, and multicollinearity 
problems may arise when both are included in one regression equation. Both 
hypotheses are tested below for the imports of ERM countries France, Italy, the 
Netherlands, Belgium and Denmark, from Gennany. 

Table 2 summarizes the results for the first set of tests. Exchange rate variability is 
found to be significant in the regression equations only for France and Italy, and 
marginally significant ( 10 % level) for the Netherlands, Belgium and Japan. In the case 
of the two large ERM countries, France and Italy, the estimated coefficient has a 
significant positive instead of the standard negative .sign, whilst for Denmark, the 
United Kingdom and the United States the estimated coefficient is not significantly 
different from zero. Note that this result largely reproduces the findings of the 
previous empirical literature, in which positive, negative and zero correlations were 
reported. 19 

The remaining coefficient estimates are more in line with the view that imports are 
demand determined. The real exchange rate in Table 2 represents the relative price 
variable for import demand, and standard demand theory would predict that it should 
have a negative coefficient in the regressions. Such significant negative estimates are 
found for France, Italy, the United Kingdom and the United States, whilst significant 
positive estimates are obtained for Belgium. The·fact that the relative price variable is 
insignificant or has the wrong sign thereby may be explained by the fact that small 
open economies frequently lack sufficiently large markets for import competing goods 

19 The early empirical research by Mankin (1976), Baron (1976), Hooper and Kohlhagen (1978), 
Cushman (1983), amongst others, and the review articles by Farrell, De Rosa and McCown (1983), 
the International Monetaly Fund (1984), and Gotur (1985) largely rejected the hypothesis of a 
negative impact of exchange rate volatility/risk on trade. A sample of more recent empirical studies 
on the link between exchange rate variability and trade volumes includes Bailey, Tavlas and Ulan 
(1986), Brada and Mendez (1988), Cushman (1988), De Grauwe (1988), Keenen and Rodrik (1986), 
Thursby and Thursby (1987), Peree and Steinherr (1988), Bini-Smaghi (1991) and Savvides (1992). 
For a detailed survey of the results of this more recent literature see Edison and Melvin ( 1990). Most 
authors in this recent empirical literature also largely reject the existence of a stable negative linear 
regression relationship between trade volumes and exchange rate volatility/risk. 
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or that imports may be supply-side constrained. The relevance of import substitution 
effects in the different countries is more directly captured by the inclusion of the US 
Dollar real exchange rate, whereby a rise in the relative price of US imports should 
increase the demand for competing imports from Germany. Such a significant positive 
effect is found for France, the Netherlands, Denmark and the United Kingdom, whilst 
significant negative estimates are obtained for Italy and Japan. To summarize, the 
estimates obtained here are largely in line with the predictions of a standard model of 
import demand, but a systematic negative relationship between import volumes and 
exchange rate variability is not found to be supported by the data. 

TABLE2 
Regression Results for Bilateral Real Imports from Germany 

(all variables in logarithms) 

R2 2 
Rldj D.W. Const y y• P/eP• mus a(e) 

France 0.81S 0.791 1.S83 -2.90S 1.606 0.61S -0.SlS 0.319 0.034 
9.32 5.29 2.75 2.34 8.05 2.45 

Italy 0.951 0.944 1.918 -1.047 0.403 1.381 -1.132 -0.111 0.048 
2.65 4.17 9.58 11.99 2.44 4.37 

Nether- 0.832 0.810 1.908 -1.182 0.198 1.126 0.776 0.127 -0.016 
lands 3.91 1.25 7.16 1.50 4.39 1.62 
Bel- 0.890 0.875 1.820 -0.890 -0.344 1.774 0.740 -0.023 -0.016 
gium 4.47 2.40 11.49 4.84 0.78 1.92 
Den- 0.881 0.86S 1.311 -1.650 1.211 0.351 0.260 0.142 0.016 
mark 6.31 13.75 1.83 0.99 4.01 1.16 
UK 0.892 0.877 1.094 -5.585 2.169 1.283 -0.714 0.687 -0.014 

18.41 7.99 4.93 6.35 13.17 0.71 
USA 0.759 0.729 0.647 -2.853 1.992 0.123 -0.740 -.003 

5.32 6.50 0.24 8.19 0.09 
Japan 0.949 0.942 1.456 -S.28S 2.351 0.781 -0.089 -0.202 -0.043 

12.03 10.75 2.06 0.91 2.95 1.85 

Note: Numbers in italics below the coefficient estimates are I-statistics. 
Source: own calculations 

The results of the second set of tests are summarized in Table 3, which reports 
estimates for two separate components of the relative price variable: the real exchange 
rate evaluated at parity and the parity deviations of the nominal exchange rate. 
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TABLE3 
Regression Results for the Bilateral Real Imports from Germany 

'all variables in lor.arithmsi 

R2 2 
R.dj DW Const y y• P/eP• e/e us a(e) co 

France 0.816 0.790 1.604 -2.770 1.581 0.646 -0.521 -0.006 -0.314 0.032 
8.47 5.16 2.60 2.40 0.09 7.74 2.18 

Italy 0.953 0.946 2.050 -0.865 0.328 1.393 -1.119 -0.040 -0.093 0.041 
2.17 3.29 9.91 12.17 1.50 2.07 3.65 

Nether- 0.808 0.782 1.739 -1.085 0.197 0.895 0.964 0.206 -0.027 
lands 3.49 1.16 5.59 1.54 2.42 2.65 
Bel- 0.890 0.876 1.836 -1.245 -0.325 1.779 0.655 0.127 -0.014 
gium 6.15 2.32 11.53 6.07 2.25 1.63 
Den- 0.869 0.854 1.388 -1.924 1.17 0.291 0.128 0.155 0.161 0.023 
mark 7.94 13.46 1.52 0.49 2.95 4.59 1.66 

Note: Numbers in italics below the regression coefficient estimates are I-statistics. 
Source: own calculations 

Several aspects of the results are worth noting. First, exchange rate parity deviations 
have a significant positive coefficient for all of the three small ERM countries, 
Belgium, the Netherlands and Denmark, whereas for the two large ERM countries, 
France and Italy, this coefficient is not significantly different from zero. The real 
exchange rate or relative price variable, on the other hand, has a significant negative 
coefficient only for the large ERM countries, France and Italy, whilst it is insignificant 
for the Netherlands and Denmark and significantly positive for Belgium. This suggests 
that whilst for the small open economies minor movements in the band position ·of the 
exchange rate appear to matter for the timing of the import decision, imports of the 
large ERM ,participants from Germany appear to be influenced primarily by relative 
price movements and exchange rate parity changes. Finally, a decline in the variability 
of exchange rates is found to have a significantly stimulatinged effect only for the 
Netherlands and Belgium (the latter only marginally significant), but significant 
positive coefficients are found for France and Italy (for Denmark only marginally 
significant). Note that for France and Italy exchange rate variability was highest when 
these currencies where weak against the D-Mark, whilst for Denmark exchange rate 
variability was relatively uniform across the exchange rate band. An increase in 
exchange rate variability for France and Italy at a weak band position may thus be 
interpreted as a sign of an increase in realignment risk, as was suggested in the 
theoretical part of the paper in models of imperfectly credible target zones with high 
realignment probabilities. An increase in exchange rate variability as an indication of 

~ 
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an impending devaluation against the D-Mark would then be consistent with a 
temporary increase of imports from Germany, and would hence explain the positive 
coefficient. 

In order to demonstrate the policy dependence of the relationship between trade 
flows and exchange rate variability/uncertainty, the above results were tested for 
structural stability by employing switching regression. Essentially this method aims at 
endogenously determining that point in time at which the estimated relationship most 
likely exhibits a structural break. In order to determine this switchpoint, the same 
regression equation is estimated for the overall period and for the two sub-periods 
defined by this switchpoint, and the likelihood-ratio test statistics of Goldfeld and 
Quandt (1973, 1976) is maximized. Furthermore, the Cusum-of Squares test statistics 
of Brown, Durbin and Evans (1975) for the forward and backward regressions and a 
Chow (1960) F-Test for coefficient constancy are calculated at every possible 
switchpoint. As a by-product of this recursive least-squares regression analysis, the 
trajectory of coefficient (and standard-error) estimates are available for each 
exogenous variable. Due to space limitations the following discussion is restricted to 
the case of France and the focus of the analysis is on the relationship between trade 
flows and exchange rate variability. 

Figure 10 reports the trajectory of exchange rate variability coefficient estimates, 
together with the trajectpries of the above mentioned parametric stability test 
statistics. The policy dependence of the estimates is most obvious from panel 9a, 
which shows that the coefficient of exchange rate variability switched from being 
significantly negative to being positive after the general realignment of March 1983. 
The Chow test for coefficient stability further points towards March 1983 as the most 
likely structural breakpoint. The likelihood ratio statistics, ~hich tests the full null-
hypothesis of coefficient constancy and homoscedasticity. (but unfortunately is biased 
towards the sample ends), identifies June 1981 (Mitterand 's election) or March 1983 
(EMS realignment) as the most likely structural break points. March 1983 is also 
indicated as a significant structural break by the Cusum-of-Squares statistics from the 
backward regressions, but the forward regressions do not point towards structural 
instability. The important point about the switching regression estimates here is that 
the switch from a significant negative to a significant positive relationship between 
trade flows and exchange rate variability occurred at a policy sensitive point in time, 
since the March 1983 realignment reportedly signifies a U-tum in French monetary 
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policy and a strengthening of the French commitment to exchange rate targeting 
within the EMS. 

6. Conclusions and Suggestions for Further Research 

The present paper reconsiders the relationship between trade flows and exchange 
rate variability. The starting point of the analysis is the puzzling fact that few empirical 
investigations have succeeded in uncovering a significant negative relationship 
between exchange rate variability and the volumes of trade flows. Instead, many 
empirical papers find no apparent, or even a significant positive correlation between 
exchange rate variability and trade volumes, a result which is considered to be 
counterintuitive. The present paper argues that this is not necessarily correct, since 
intuition is based on the implicit assumption of a system of freely floating exchange 
~tes. Drawing on the recent literature on the intrinsic dynamics of exchange rates in 
explicit currency bands or target zones, it is argued that almost any correlation 
between trade flows and exchange rate variability may be found in the data owing to 
non-linearities. These non-linearities arise from the non-linear relationship between the 
exchange rate (or its relative band position) and the exchange rate's variability, which 
has an inverted U-shape in models of credible target zones, a U-shape in models of 
non-credible target zones, ~d is uniform across the band under a free float. However, 
a unique negative linear relationship exists between trade flows and the exchange 
rate's band position, which is invariant accross exchange rate regimes. 

Using monthly data the above propositions are tested for imports of ERM and 
non-ERM countries from Germany. As in the previous literature, both positive, 
negative and zero correlations between German exports and a measure of bilateral 
exchange rate variability are found in the data. However, these relationships tum out 
to be policy-variant, since structural breaks and changes in the signs of the coefficients 
under study occurred at policy sensitive points in time, such as the March 1983 
general EMS realignment. With respect to the relationship between German exports 
and the exchange rate's band position a significant positive relationship is found only 
for the small ERM participants, Belgium, the Netherlands and Denmark, whilst zero 
coefficients are estimated for the large ERM countries, France and Italy. Thus, only 
for the small ERM economies the relative weakness or strength of their currencies 
relative to the D-Mark appears to matter for the timing ofimport decisions. 
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Whilst the present paper presents some empirical evidence on the importance of 
the exchange rate policy framework for trade flows, this empirical research is clearly 
only at the beginning. With respect to future research, the present empirical 
investigation is planned to be extended in several directions: first, the robustness of 
the results may be checked by including all bilateral ERM trade flows in the analysis. 
This allows import substitution effects between ERM countries to be modelled as a 
function of the relative band position of the various bilateral exchange rates. Explicitly 
modelling the import supply side and determining both equilibrium trade price and 
trade volume movements in response changes in exchange rate variabilitY is a second 
important extension. Disaggregation of the analysis to trade in different categories of 
goods appears to be a third important issue. Also, using data ftom different exchange 
rate regimes, such as the Bretton Woods system and the European currency snake 
system, may provide further important insights. Finally, extending the analysis to 
international direct investment offers another promising area of research, in particular 
as the link between direct investment and exchange rate variability is more finnly 
established empirically. 

7. Time Series and Data Sources 
! 7 .1. Monthly Data 

Nominal Gennan Exports Deutsche Bundesbank, Monatsbericht, 
Tabelle IX 2, AuBenhandel, various issues. 
D-Mark exchange rates were calculated as 
cross-rates from the US-Dollar exchange rates. 

Nominal Exchange Rates International Monetary Fund, International 
Financial Statistics, various issues. 

Consumer Price Indices International Monetary Fund, International 
Financial Statistics, various issues. 

Indices of Industrial Production Organisation for Economic Development and 
Cooperation, Main Economic Indicators, 
various issues, except for Denmark, where 
data from the EC Commission CRONOS 
Databank were used instead. 

Real Gennan Exports own calculations, using nominal German export 
data deflated by German consumer prices. 

Real Exchange Rates own calculations, using nominal exchange rates 
and consumer price indices 
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7.2. Daily Data 

Data from Flood, Rose and Mathieson ( 1991 ), 
Bank for International Settlements Databank. 
I should like to thank Andy Rose for kindly 
providing these daily data. 
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Figure 1: Exchange Rate Volatility and the Volumes of Real Imports 
of ERM and Non-ERM Countries from Germany 
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Figure 2: Real Imports of ERM and Non-ERM Countries from 
Germany and Their Industrial Production (IIP) 
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Figure 3: Real Imports of ERM and Non-ERM Countries from 
Germany and German Industrial Production 
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Figure 4: Real Imports of ERM and Non-ERM Countries from 
Germany, Relative Prices and Nominal Exchange Rates 

(a) France 
ti I I a: 

I•; I: a I I 
:f I I 

111 I 
111 I 

I I 
I I 

1
111 o I I 

SJ I ig I •1&1.,,,jll..IMll"1 

A; ... 

t:: 1

eo Bl ~· ~ 84 ae ~ ~ ea ea eo Bl 
v ... 

111 I 
111 I 

I I 
I I 
I I 

81 82 83 84 8S 88 87 88 88 SD 81 
v ... 

v ... 

(f) United Kingdom 
11 
f ~ !2 
JI 
l•---·-· J:..__ ____ _ 

BO et 82 83 84 89 88 87 88 88 80 81 
y..,. 

(g) United States 
t! ac 

f 1 
.! ; 
1a 
~ SJ i: l\JP'l~U 

BO 81 82 83 84 115 86 87 88 88 80 81 
y.,. 

(h) Japan 

!1 
Is !N 
Jg 
• N 

i:~biaill!Wal~_:~--------~ 
BO 81 82 83 84 85 88 87 88 89 90 91 

Key to Series: ......... Real Imports, - - - - - Relative Prices, - Nominal Exchange Rates 

r 



, 

- 43 -

Figure 5: Real D-Mark Exchange Rate Target Zones and Relative 
Band Positions of ERM and Non-ERM Countries 
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Figure 6: Average Monthly D-Mark Exchange Rate Variability in 
ERM and Non-ERM Countries 
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Figure 7: Relationship between the Average Variability and Band 
Position of Nominal D-Mark Exchange Rates 
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Figure 8: Actual and One-Year Ahead Expected D-Mark Exchange 
Rate Bands Implied by Interest Rate Differentials 
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Figure 9: 'Simple Estimates' ofDM Exchange Rate Target Zone 
Credibility for Various Time-Horizons 
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Figure 10: Switching Regression Estimation Results and Stability 
Test Statistics for French Real Imports from Germany 
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