
UNIVERSITY OF KENT 
DEPARTMENT OF ECONOMICS

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

by

José Eduardo de Andrade Ferreira

Supervisors: Dr. Miguel A. León-Ledesma and Prof. Alan A. Carruth

C a n t e r b u r y ,  Kent  (UK)  
O c t o b e r  2005

A thes i s  s u b m i t t e d  for  the d e gree  of  PhD in E c o n o m i c s  at the
U n i v e r s i t y  of  Kent .



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

TO MY P A R E N T S  (IN M E M O R I A M )  
F O R  L OV E  AND H O N E S T Y .

- 2 -



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

D E C L A R A T IO N

I h e r e b y  c e r t i f y  t ha t  the  wor k  e m b o d i e d  in thi s  t h e s i s  is the  r e s u l t  o f  
my own i n v e s t i g a t i o n s  e x c e p t  w he r e  r e f e r e n c e  has  b een  made  to 
p u b l i s h e d  l i t e r a t u r e .

I d e c l a r e  t ha t  thi s  wo r k  has  not  a l r e a d y  b een  a c c e p t e d  in s u bs t a n c e ,  
nor  is it c u r r e n t l y  b e in g  s u b m i t t e d  for  any  o t he r  deg r ee .

-3  -



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

TABLE OF CONTENTS

Page

A B S T R A C T  ......................................................................................................................... 07
A C K N O W L E D G E M E N T S  .........................................................................................  08
LIS T OF T A B L E S  ........................................................................................................... 09
LIS T OF F I G U R E S  .......................................................................................................  10

C H A P T E R  I: I n t r o d u c t i o n  .......................................................................................  11

C H A P T E R  II: L i t e r a t u r e  Su rv e y  .........................................................................  18

Introduction .............................................................................................................................  19

2.1 -  Effects of Economic Fundamentals on Exchanges Rates ......................................  25

2.2 -  Effects of Rational Speculative Bubbles on Exchanges Rates ............................... 39

2.3 -  Effects of Foreign Debts on Exchanges Rates ..........................................................  53

2.4 -  Conclusion ......................................................................................................................  57

C H A P T E R  III:  E f f e c t s  of  the M o n e t a r y  F u n d a m e n t a l s  ........................  60

Introduction .............................................................................................................................. 61

3.1 - Theoretical Model ........................................................................................................ 67

3.2-Data ..................................................................................................................................  74

3.3 - Econometric Methodology ............................................................................................  76

3.3.1 -  Analysis of Unit Root in Panel Data ................................................................. 77

3.3.2 -  Analysis of Cointegration in Panel Data .........................................................  84

- 4 -



3.3.3 -  Long-run Average Relation in Nonstationary Series ............................... 91

3.3.4 -  Method of Econometric Estimation ............................................................  93

3.3.4.1 -  PMGE and Exchange Rate Fundamentals ...................................  95

3.4 -  Conclusion ............................................................................................................... 109

Appendix .............................................................................................................................. 112

C H A P T E R  IV: E f f e c t s  of  Ra t i on a l  S p e c u l a t i v e  B u b b l e s  ................. 122

Introduction .......................................................................................................................  123

4.1 - Theoretical Model ....................................................................................................  131

4.2 - Data ............................................................................................................................. 135

4.3 - Econometric Methodology

4.3.1 -  The Markov-Switching Unit Root Test .......................................................  136

4.3.2 -  The Markov-Regime Switching Vector Autoregression ..........................  154

4.4 -  Conclusion .................................................................................................................  168

C H A P T E R  V: E f f e c t s  of  F o r e i g n  Debt s  ...................................................... 170

Introduction ........................................................................................................................ 171

5.1 - Theoretical Considerations .................................................................................... 182

5.2-Data  ............................................................................................................................. 191

5.3 -  Empirical Results ..................................................................................................... 192

5.4 -  Conclusion ................................................................................................................  215

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

-  5 -



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

C H A P T E R  VI: Fi nal  C o n c l u s i o n  ..................................................................... 217

B i b l i o g r a p h y  .................................................................................................................. 221

- 6 -



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

ABS TRA CT

The main contribution of this thesis is to assess the importance of economic fundamentals 
in affecting the nominal exchange rate behaviour for a sample of industrialised and 
emerging market economies. Industrialised and emerging markets differ in terms of 
economic stability conditions that may affect distinctly the performance of traditional 
exchange rate models. The thesis consists of investigating the effects of three interrelated 
determinants on the exchange rate variability which are examined from the early 1980s 
until the early 2000s: the effect of monetary fundamentals, the effect of rational 
speculative bubbles and the effect of foreign debt.

Firstly, we test the monetary model for both types of market economies by making use of 
panel techniques that allow for a high degree of heterogeneity across countries. We find 
partial support for the monetary model for industrialised market economies but not for 
emerging ones. This constitutes a puzzle as we would expect countries with greater 
monetary instability to show a stronger association between exchange rates and monetary 
fundamentals. Secondly, we test for the presence of a rational speculative bubble driving 
the stochastic process of exchange rates away from the equilibrium level defined by 
monetary fundamentals. Our findings reveal that the hypothesis of periodically collapsing 
bubbles driving the exchange rate away from the fundamentals solution cannot be 
accepted for a sample of four industrialised market economy countries. Moreover, the 
results also revealed significant non-linearities and different regimes. The importance of 
these findings suggests that linear monetary models may not be appropriate to examine 
exchange rate movements. Finally, we investigate the effects of foreign debts on nominal 
exchange rate volatility for a sample of industrialised and emerging market economies 
where the level of foreign indebtedness and the access to international credit markets 
differ substantially. We also test for the use of monetary policy and international reserves 
to stabilise potential exchange rate volatility. Our findings confirm that foreign debts do 
generate effects on exchange rate volatility in both types of market economies, with more 
significant impacts on financially fragile economies (emerging markets). The results also 
revealed that monetary authority interventions in the foreign exchange market are a 
common practice in both categories of economies. The importance of these findings 
commends government authorities to keep foreign debt at levels consistent with 
macroeconomic stability.
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C H A P T E R  I

In tro duct ion

The  v o l a t i l e  b e h a v i o u r  o f  e x c h a n g e  r a t e s  p r o v i d e s  ampl e  

e v i d e n c e  t ha t  in a w o r l d  o f  l i b e r a l i s e d  f i n a n c i a l  f l ows ,  smal l  

t r a n s a c t i o n  cos t s  and  l a rge  funds  o f  m o b i l e  c ap i t a l ,  and 

c o n s e q u e n t l y  h uge  p r e s s u r e  on f i na nc i a l  m a r k e t s ,  the  s o - d e s i r a b l e  

e x c h a n g e  ra t e  s t a b i l i s a t i o n  is an e x t r e m e l y  d i f f i c u l t  t a sk  for  

e c o n o m i s t s  and  p o l i c y m a k e r s .  D e s p i t e  such  v o l a t i l i t y  and 

m o d e l l i n g  d i f f i c u l t i e s  t he r e  is s t i l l  a s t r on g  b e l i e f  in the  m o n e t a r y  

a p p r o a c h  to e x c h a n ge  r a t e  d e t e r m i n a t i o n .

A b r i e f  h i s t o r i c a l  s u m m a r y  l eads  i n i t i a l l y  to F r i e d m a n  

( 1953) ,  for  i n s t a nc e ,  who  a rg ue d  tha t  the  i n s t a b i l i t y  in e xc ha n ge  

r a t e s  is a c o n s e q u e n c e  of  i n s t a b i l i t y  in u n d e r l y i n g  e c o n o m i c  

s t ru c t u r e  ( f u n d a m e n t a l s ) .  P r i ma r i l y ,  th i s  a r g u m e n t  is b a s e d  on the 

idea  tha t  i f  t he re  is e x c h a n g e  ra t e  i n s t a b i l i t y  it is due to 

d i s e q u i l i b r i u m  in e c o n o m i c  f u n d a m e n t a l s .  In an i n f l u e n t i a l  pa pe r ,  

F r e nk e l  ( 1 9 7 6)  d e m o n s t r a t e s  s t r ong  s u p p o r t  for  the  f l e x i b l e - p r i c e  

m o n e t a r y  m o d e l  for  the  G e r m a n  M a r k / U S  d o l l a r  e x c h a n g e  ra te  

d u r i n g  the  G e r m a n  H y p e r i n f l a t i o n  o f  the  1920s .  B i l s o n  (1 9 8 1)  a l so 

e s t i m a t e s  a mode l  for  m a j o r  e x c h a n g e  r a t e s  d u r i n g  the 1970s  f loa t  

and f inds  b r o a d  s u p po r t  for  the  f l e x i b l e - p r i c e  m o n e t a r y  mode l .  

D r i s ke l l  ( 1981) ,  on the  o t he r  hand ,  m o d e l l i n g  the  S w i s s / U S  do l l a r  

e x c h a n g e  ra t e  r e p o r t s  r e s u l t s  b r o a d l y  f a v o u r a b l e  to the  s t i ck y  p r i ce  

m o n e t a r y  m o de l  in a c c o r d a n c e  wi th  the  D o r n b u s c h  (1976)  s tory .

D e s p i t e  t he se  ea r ly  r e s u l t s  and s u p p o r t i v e  a r g u m e n t s  in 

f a v ou r  o f  a m o n e t a r y  t h e o r y  o f  e x c h a n g e  r a t e  d e t e r m i n a t i o n ,  it  cou l d
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be a r gu e d  tha t  p r i o r  to the  B r e t t o n  W o o d s ’ b r e a k d o w n  in t he  ea r ly  

1970s ,  the  c o n s e n s u s  s e e me d  to s u p po r t  the  e x i s t e n c e  o f  a f a i r l y  

s t ab l e  e x c h a n g e  ra t e .  The  p r e v a i l i n g  o r t h o d o x y  o f  the  e a r ly  1970s ,  

l a r g e l y  a s s o c i a t e d  wi t h  the  m o n e t a r y  a p p r o a c h  to the  e x c h a n g e  ra te ,  

a s s u m e d  the mu ch  s t r o n g e r  p r o p o s i t i o n  o f  c o n t i n u o u s  p u r c h a s i n g  

p o w e r  p a r i t y  (PPP) .  In the  s ec o nd  h a l f  o f  the  1970s ,  th i s  e x t r e me  

p o s i t i o n  was  a b a n d o n e d  due to the  v e ry  h i gh  o b s e r v e d  v a r i a b i l i t y  o f  

e x c h a n g e  r a t e s  a f t e r  the  c o l l a p se  o f  B r e t t o n  Woods .  S t ud i es  

p u b l i s h e d  s u b s e q u e n t l y ,  m o s t l y  in the  1980s ,  co u l d  no t  r e fu t e  the  

h y p o t h e s i s  o f  r a n d o m w a l k  b e h a v i o u r  in e x c h a n g e  r a t e s ,  and r e d u c e d  

f u r t h e r  the  c o n f i d e n c e  in c o n t i n u o u s  p u r c h a s i n g  p o w e r  pa r i t y .  Thi s  

c o n t e x t  led to the  r a t he r  w i d e s p r e a d  b e l i e f  t ha t  PPP was  o f  l i t t l e  use 

e m p i r i c a l l y  and t ha t  e x c h a n g e  ra te  m o v e m e n t s  we r e  h i gh l y  

p e r s i s t e n t  and  v o l a t i l e  ( see  D o r n b u s c h ,  1988) .

A s em i n a l  p a p e r  by M ee se  and R o g o f f  ( 1 98 3 )  c o mp a r e s  

the  o u t - o f - s a m p l e  f o r e c as t s  p r o d u c e d  by  v a r i o u s  e x c h a n g e  ra t e  

m o d e l s  wi t h  f o r e c as t s  p r o d u c e d  by a r a n d o m  wa lk  mode l  and 

a n a l y s e s  t he i r  r e l a t i v e  p e r f o r m a n c e .  Th e y  g e n e r a t e d  a s u c c e s s i o n  o f  

o u t - o f - s a m p l e  f o r e c as t s  for  each  mode l  and for  v a r i o u s  t ime  

h o r i z o n s .  The  c o n c l u s i o n  o f  th i s  s tudy  was  t h a t  n one  o f  the  

e x c h a n g e  ra t e  m o d e l s  o u t p e r f o r m e d  the  s imp le  r a n d o m  w a l k  mode l .  

Mor e  r e c e n t l y ,  r e s e a r c h e r s  have  t e s t e d  for  c o i n t e g r a t i o n  b e t w e e n  the 

n om i na l  e x c h a n g e  r a t e  and r e l a t i v e  p r i ce  l e ve l s ,  i n t e r p r e t e d  as 

t e s t i n g  for  l o n g - r u n  p u r c h a s i n g  p o w e r  p a r i t y ,  w h i c h  is e q u i v a l e n t  to 

t e s t i n g  for  m e a n  r e v e r s i o n  or  s t a t i o n a r i t y  in r ea l  e x c h a n g e  ra t es .  

A l t h o u g h  some  s tud i e s  have  fo u nd  s u p p o r t i v e  e v i d e n c e  o f  r e v e r s i o n  

t o w a r d s  p u r c h a s i n g  p o w e r  p a r i t y  for  i n t e r w a r  p e r i o d  f l oa t s  (see 

M c N o w n  and W a l l a c e ,  1989) ,  o t he r  s t ud i e s  u s ing  c o i n t e g r a t i o n  

m e t h o d s  have  r e j e c t e d  thi s  h y p o t h e s i s  even  in h igh  i n f l a t i o n  

e c o n o m i e s .  The  r e j e c t i o n  o f  the  h y p o t h e s i s  o f  a me an  r e v e r s i o n  o f
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the  e x c h a n g e  ra t e  t o w a r d s  p u r c h a s i n g  p o w e r  p a r i t y  c o n s t i t u t e s  a 

s i g n i f i c a n t  c r i t i c i s m  o f  the  m o n e t a r y  a p p ro a ch .

N o w a d a y s  m a n y  r e s e a r c h e r s  have  c o n c l u d e d  tha t  t he re  is 

s i g n i f i c a n t  e xc ha n ge  r a t e s  d i s c o n n e c t  wh i ch  is r e l a t ed  to the 

r e m a r k a b l y  w e a k  s h o r t - t e r m  f e e d b a c k  l i nks  b e t w e e n  the  e x c h a n g e  

ra t e  and  m a c r o e c o n o m i c  f u n d a m e n t a l s .  R o g o f f  ( 1 99 6 )  has  d e s c r i b e d  

it as a b r o a d e r  c l as s  o f  p u z z l e s  in i n t e r n a t i o n a l  m a c r o e c o n o m i c s .  He 

has  a l so  a r g u e d  tha t  to u n d e r s t a n d  e x c h a n g e  r a t e  b e h a v i o u r  one 

u l t i m a t e l y  n e e d s  a b r o a d e r  m o de l  t ha t  e xp l a i n s  the  h igh  s t a b i l i t y  

t ha t  has  been  o b s e r v e d  in a s s e t  m a rk e t s .  It is a l so  t rue  t ha t  the  l inks  

b e t w e e n  the  e x c h a n g e  ra t e  and the real  e c o n o m y  are m u c h  more  

d i r e c t  than  for  the s t o ck  ma rke t .  In m o s t  e c o n o m i e s ,  the  e x c h a n ge  

ra t e  is the  s ing l e  m o s t  i m p o r t a n t  r e l a t i v e  p r i c e ,  one  t ha t  p o t e n t i a l l y  

f eeds  b ack  i m m e d i a t e l y  in to  a l a rge  r a ng e  o f  t r a n s a c t i o n s  [see 

O b s t f e l d  and R o g o f f  ( 2 0 00 b ) ] .

O b s t f e l d  and R o g o f f  ( 2 0 00 b )  a l so a r gue  t ha t  e x c h a n ge  

ra t e s  are r e m a r k a b l y  v o l a t i l e  r e l a t i v e l y  to any m o d e l ’s u n d e r l y i n g  

f u n d a m e n t a l s  such  as i n t e r e s t  r a t e s ,  o u t pu t ,  and m o n e y  s u p p l i e s ;  and 

no mode l  s eems  to be good  e no u g h  at e x p l a i n i n g  e x c h a n g e  ra t e s  

even  ex -pos t .  A c c o r d i n g  to t hem,  a l t h o u g h  a r a ng e  o f  g oods  is non-  

t r a de d ,  t he re  is a l way s  a b r o a d e r  r ange  o f  g oo d s  t ha t  are t r a d e d  and 

s h o u l d  t ie d o wn  the e x c h a n g e  ra t e .  In p r a c t i c e ,  m a r k e t s  for  mos t  

t r a d e d  g oo ds  are  no t  fu l l y  i n t e g r a t e d ,  and s e g m e n t a t i o n  due to 

v a r i o u s  t r a n s a c t i o n  cos t s  may  be s i g n i f i c a n t .

M a n y  e m p i r i c a l  s t ud i e s  have  c o n s i d e r e d  the  i n t e r f e r e n c e  

o f  e x t r a n e o u s  e l e m e n t s  wh i ch  a f f e c t  the  l o n g - r u n  e q u i l i b r i u m  

e x c h a n g e  ra t e .  Ev a ns  (1991)  r e f e r s  to t he se  e l e m e n t s  as s p e c u l a t i v e ,  

r a t i on a l  b u bb l e s  i n t e r f e r i n g  wi th  i n v e s t o r s ’ e x p e c t a t i o n s  and  c au s in g  

s u bs t a n t i a l  v o l a t i l i t y  in fo r e i g n  e x c h a n g e  m a r k e t s .  Some  ear ly  

s t ud i e s  have  s u p p o r t e d  the  p r e s e n c e  o f  r a t i o n a l  b u b b l e s  in e x c h a n g e
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r a t e s .  M ee s e  ( 1986) ,  for  i n s t a n ce ,  p r o v i d e s  s t r ong  e v i d e n c e  t ha t  the  

a b r u p t  r i s e  o f  the  US d o l l a r  in 1 9 8 4 -1 98 5 ,  and s u b s e q u e n t  drop  

b e t w e e n  1985 and  1988,  was  a d i r e c t  c o n s e q u e n c e  o f  b u b b l e s  d r i v i n g  

e x c h a n g e  r a t e  m o v e m e n t s .  F r a nk e l  and  F r oo t  ( 1 99 0 )  r e i n f o r c e  thi s  

a r g u m e n t ,  i n v e s t i g a t i n g  the  h igh  US d o l l a r  a p p r e c i a t i o n  t ha t  

o c c u r r e d  b e t w e e n  1984 and 1985,  and show t ha t  s t a n d a rd  o b s e r v a b l e  

m a c r o e c o n o m i c  v a r i a b l e s  (ou t pu t ,  m o n e y  g r o w th  r a t e s ,  t r a de  d e f i c i t )  

are  no t  c a p a b l e  o f  e x p l a i n i n g ,  and p r e d i c t i n g  ex - a n t e ,  the  m a j o r i t y  

o f  s h o r t - t e r m  c h an g e s  in e x c h a n g e  r a t e s .  A c c o r d i n g  to t hem,  the 

1 9 84- 1985  e p i s o d e  was  due to the  e x i s t e n c e  o f  s p e c u l a t i v e  r a t i on a l  

b u b b l e s  in w h i c h  m a r k e t  p a r t i c i p a n t s  did no t  ag ree  on the  mode l  for  

f o r e c a s t i n g  the  e x c h a n g e  ra te .

The  i mp a c t  o f  f i n a nc i a l  v a r i a b l e s  is a n o t h e r  t op i c  t ha t  

has  g ro wn  in i m p o r t a n c e  in the  l i t e r a t u r e  to e x p l a i n  e x c h a n g e  ra t e  

b e h a v i o u r .  T h e s e  v a r i a b l e s  are r e l a t ed  c l o s e l y  to deb t  c o m p o n e n t s  

t ha t  ma y  cau s e  a g e n e r a l i s e d  fea r  in the m a r k e t  due  to the 

p o s s i b i l i t y  o f  d e f a u l t s  and so a f f e c t  a d v e r s e l y  e x c h a n g e  ra t e s .  More  

r e c e n t l y  D e v e r e u x  and Lane  (2 0 03 )  fo u n d  e v i d e n c e  f rom a c ros s -  

s ec t i o n  s tudy  t h a t  deb t  v a r i a b l e s  have  a l a r ge  i n f l u e n c e  on e xc ha n ge  

r a t e s .  F i n a n c i a l  f r a g i l i t i e s  a s s o c i a t e d  wi th  c red i t  c o n s t r a i n t s  in the  

i n t e r n a t i o n a l  f i na nc i a l  m a r k e t  ma y  c au se  c ap i t a l  o u t f l o w s  and be an 

a d d i t i o n a l  s ou r c e  o f  e x c h a n g e  ra t e  i n s t a b i l i t y .  Thi s  i n s t a b i l i t y  

c o me s  f rom d e f a u l t  r i sk s  by v i r t u e  o f  e xce s s  s t ocks  o f  debt s  

d e n o m i n a t e d  in one c u r r e n c y  on l y  w i t h o u t  an a p p r o p r i a t e  a s se t  

c o v e r a g e .  Th i s  r e s e a r c h  f i e ld  is t o p i ca l  and wi l l  p r o v i d e  one  t h e me  

for  th i s  t hes i s .

The  c o m p l e x i t y  o f  e x c h a n g e  ra t e  b e h a v i o u r  does  not  

a l l o w for  r o b u s t  c o n c l u s i o n s  as yet  and m o t i v a t e s  mu c h  c u r r e n t  

r e s e a r ch .  The  d e v e l o p m e n t  o f  new e c o n o m e t r i c  a p p r o a c h e s ,  

a l o n g s i d e  i m p r o v e m e n t s  in t h e o r e t i c a l  f r a m e w o r k s ,  may  p r o d u c e  a 

b e t t e r  u n d e r s t a n d i n g  o f  e x c h a n g e  r a t e  d e t e r m i n a t i o n .  The se
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a d v a n c e s  a l so  open  up a n u m b e r  o f  new l i nes  o f  en q u i r y ,  and  c rea t e  

a c h a l l e n g i n g  e n v i r o n m e n t  for  r e s e a r c h e r s .  For  i n s t a n c e ,  the  key 

h y p o t h e s i s  o f  the  m o n e t a r y  a p p r o a c h  to t he  e x c h a n g e  r a t e  is t ha t  

v o l a t i l i t y  in e c o n o m i c  f u n d a m e n t a l s  is the  ma in  s ou r c e  o f  e xc ha n ge  

ra t e  v a r i a b i l i t y .

In c o n t r a s t  to i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  e m e r g i n g  

m a r k e t  e c o n o m i e s  are  h i s t o r i c a l l y  mo r e  l i k e l y  to d e m o n s t r a t e  weak  

e c o n o m i c  f u n d a m e n t a l s  such  as an e v e r - e x p a n d i n g  f i sca l  de f i c i t ,  

h igh  i n f l a t i o n  ra t e s ,  l ow ra t e s  o f  e c o n o m i c  g r o wt h  and exces s  su p p l y  

o f  mon ey ,  e t c . ,  i n c r e a s i n g  r i s k  and i n s t a b i l i t y .  The  t h e o r e t i c a l  

l i t e r a t u r e  p o i n t s  out  t ha t  such m i s m a n a g e m e n t  o f  e c o n om i c  

a g g r e g a t e s  s h ou l d  p r o d u c e  d i r e c t  e f f e c t s  on the  e x c h a n g e  ra t e .  A 

c e n t r a l  c o n t r i b u t i o n  o f  th i s  t he s i s  is to e x a m i n e  th i s  c o n t r o v e r s i a l  

d e b a t e  in a c o m p a r a t i v e  a n a l y s i s  o f  i n d u s t r i a l i s e d  and e m e r g i n g  

m a r k e t  e c o n o mi e s .  The  a p p r o a c h  is to s e l ec t  a s a m p l e  o f

i n d u s t r i a l i s e d  and e m e r g i n g  m a r k e t  e c o n o m i e s  and to i n v e s t i g a t e  the 

d e t e r m i n a t i o n  o f  e x c h a n g e  ra t e s  u s ing  new e c o n o m e t r i c  

d e v e l o p m e n t s .  The  o b j e c t i v e  is to p r o v i d e  an a d d i t i o n a l  c o n t r i b u t i o n  

to the  d e ba t e  on e x c h a n g e  r a t e  d e t e r m i n a t i o n .  To a c h i e v e  th i s ,  the 

t he s i s  wi l l  i n v e s t i g a t e  i f  the  h y p o t h e s e s  o f  m a c r o e c o n o m i c  

f u n d a m e n t a l s ,  o f  s p e c u l a t i v e  r a t i on a l  b u b b l e s ,  o f  f o r e i gn  de b t s ,  are 

ab le  to p r o v i d e  the  a l t e r n a t i v e ,  c o m p e l l i n g  e x p l a n a t i o n  for  the 

v o l a t i l e  b e h a v i o u r  o f  e x c h a n g e  r a t e s  in i n d u s t r i a l i s e d  and e m e r g i n g  

m a r k e t  e c o n o m i e s .

F o u r  core  c h ap t e r s  are d e v e l o p e d  and are  b r i e f ly

d e s c r i b e d  as fo l l ows :

C h a p t e r  II r e v i e w s  b r i e f l y  p r e v i o u s  and r e l e v a n t

e m p i r i c a l  s t ud i e s  o f  e x c h a n g e  ra t e  d e t e r m i n a t i o n  and p r o v i d e s  a 

c r i t i c a l  a pp r a i sa l .  It a l so  p r o v i d e s  an o v e r v i e w  o f  e ach  topic

i n v e s t i g a t e d  in t he  t hes i s .
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C h a p t e r  III i n v e s t i g a t e s  the  e f f e c t  o f  e c o n o m i c  

f u n d a m e n t a l s  on e x c h a n g e  ra t e  b e h a v i o u r  for  a s amp l e  o f  

i n d u s t r i a l i s e d  and e m e r g i n g  m a r k e t  e c o n o m i e s .  The  a p p r o a c h  

c o n s i s t s  o f  e x a m i n i n g  the e x i s t e n c e  o f  l o n g - r u n  r e l a t i o n s h i p s  

b e t w e e n  n o m i n a l  e x c h a n g e  r a t e s  and the t r a d i t i o n a l  m o n e t a r y  

a p p r o a c h  us ing  p a ne l  da ta  t e c h n i q u e s .  I m p o r t a n t  c o n t r i b u t i o n s  are 

o f f e r e d  in t e rms  o f  a c o m p a r a t i v e  s tudy  b e t w e e n  d i f f e r e n t  t ypes  o f  

m a r k e t  e c on om y .  The  a n a l y s i s  is e x e c u t e d  t h r o u g h  r e c e n t l y  

d e v e l o p e d  p r o c e d u r e s  for  the  d e t e c t i o n  o f  un i t  roo t s  as we l l  as for  

the  i d e n t i f i c a t i o n  o f  c o i n t e g r a t i n g  p r o p e r t i e s  in p a ne l  da ta .  F i na l l y ,  

a p o o l e d  me a n  g r oup  e s t i m a t i o n  p r o c e d u r e  is u sed  wh i c h  a l l o ws  for  

w i de  h e t e r o g e n e i t y  ac r os s  c ou n t r i e s .

C h a p t e r  IV e x a m i n e s  w h e t h e r  r a t i o n a l  b u b b l e s  d r i ve  the 

e x c h a n g e  r a t e  away  f rom its f u n d a m e n t a l  e q u i l i b r i u m .  A s p e c u l a t i v e  

r a t i o n a l  b u b b l e  in the  e x c h a n g e  r a t e  is c h a r a c t e r i s e d  by  an e x p l os i v e  

pa th .  E x p l o s i v e  b e h a v i o u r  l e ads  the  e x c h a n g e  ra t e  to d i v e r ge  f rom 

the  e q u i l i b r i u m  leve l  d e f in e d  by m o n e t a r y  f u n d a m e n t a l s .  The  

a p p r o a c h  o f  th i s  c h a p t e r  is to i n v e s t i g a t e  the  h y p o t h e s i s  o f  a 

p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e  g o v e r n i n g  e x c h a n g e  r a t e  m o v e m e n t s .  

P e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s  are a s pec ia l  type  o f  b u b b le ,  

c h a r a c t e r i s e d  as a s t o c h a s t i c  p r o c e s s  in wh i c h  t he re  are  c o n t i n u o u s  

p e r i o d s  o f  e x p a n s i o n  and c o l l a pse .  The  c h a p t e r  f o l l o ws  the 

m e t h o d o l o g y  b a s e d  on un i t  roo t  and c o i n t e g r a t i o n  t e s t s ,  and 

i n t r o d u c e s  a M a r k o v - s w i t c h i n g  r e g i m e  m e t h o d o l o g y  in o rd e r  to 

a l l o w for  a mor e  r o b u s t  a n a l y s i s  o f  th i s  t ype  o f  b ub b l e .

C h a p t e r  V i n v e s t i g a t e s  the  i m p a c t  o f  f o r e i gn  deb t s  on 

e x c h a n g e  r a t e  v o l a t i l i t y  u s ing  v e c t o r  a u t o r e g r e s s i o n  -VAR 

m o d e l l i n g .  The  i n v e s t i g a t i o n  is c o n d u c t e d  by  a p p l y i n g  thi s  

e c o n o m e t r i c  m e t h o d  to a s amp l e  o f  i n d u s t r i a l i s e d  and e m e r g i n g  

m a r k e t  e c o n o m i e s  wh i c h  have  h igh  and low l eve l s  o f  fo r e i gn  

i n d e b t e d n e s s ,  r e s p e c t i v e l y .  The  h y p o t h e s i s  t e s t e d  is t ha t  c h an g e s  in
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f o r e i g n  deb t  i m p a c t  on e x c h a n ge  ra t e  v o l a t i l i t y .  It is e x p e c t e d  t ha t  

such  an i m p a c t  wi l l  d i f f e r  a c r os s  d i f f e r e n t  m a r k e t  e c o n o m i e s .  The 

c h a p t e r  a l so  e x a m i n e s  the  p o s s i b i l i t y  o f  g o v e r n m e n t  i n t e r v e n t i o n ,  

u s ing  e i t he r  m o n e t a r y  p o l i c y  or  i n t e r n a t i o n a l  r e s e r v e s  m a n a g e m e n t ,  

to s t ab i l i s e  e x c h a n g e  ra t e  vo l a t i l i t y .
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I n t r o d u c t i o n

S t a n d a r d  e c o n o m i c  t h e o r y  s t a t es  t ha t  e x c h a n g e  ra te  

m o v e m e n t s  s h ou l d  be e x p l a i n e d  by a s i mp l e  m a c r o e c o n o m i c  mode l  

ma d e  o f  m o n e y  s upp l y ,  o u tp u t ,  and i n t e r e s t  r a t e s .  Even  tho u g h  

n u m e r o u s  s t ud i e s  have  been  p r o d u c e d  ove r  t ime ,  in p r a c t i c e  

f u n d a m e n t a l  v a r i a b l e s  have  not  p r o v e d  to be c o m p l e t e l y  he lp f u l  in 

e x p l a i n i n g  e x c h a n g e  r a t e  v a r i a b i l i t y .  In p a r t i c u l a r ,  some  r e su l t s  

h a ve  r e v e a l e d  a s i g n i f i c a n t  e x c h a n g e  ra t e  d i s c o n n e c t  wi th  its 

e c o n o m i c  f u n d a m e n t a l s  wh i c h  has  b e c o m e  one  o f  the  mos t  i m p o r t a n t  

p u z z l e s  in o pe n  e c o n o m y  m a c r o e c o n o m i c s .  The  e f f o r t s  t ow a r ds  

f i n d i n g  a s o l u t i o n  to th i s  c o n t r o v e r s y  r e m a i n  u n r e s o l v e d .

A c c o r d i n g  to M a c D o n a l d  ( 1 99 9 ) ,  the  t r a d i t i o n a l  

l i t e r a t u r e  has  c l a s s i f i e d  the  i n v e s t i g a t i o n s  a bo u t  the  r e l a t i o n s h i p  

b e t w e e n  the e x c h a n g e  r a t e  and i ts e c o n o m i c  f u n d a m e n t a l s  in to  t h ree  

d i f f e r e n t  d eb a t e s .  The  f i r s t  f o c us e s  on the  c o n v e r g e n c e  o f  thi s  

r e l a t i o n s h i p  to the  l o n g - r u n  e q u i l i b r i u m .  The  s e c on d  is r e l a t ed  

c l o s e l y  to M e e s e  and R o g o f f  (1 983) ,  and e x a m i n e s  the  p o w e r  o f  

f u n d a m e n t a l s  in g e n e r a t i n g  a c c u r a t e  o u t - o f - s a m p l e  f o r e c a s t s  

c o m p a r e d  to a s imp l e  r a n d o m  wa lk  mo d e l .  The  th i r d  a n a l y s e s  the  

i m p a c t  o f  real  and n o m i n a l  s hocks  o f  f u n d a m e n t a l s  on the  e x c h a n g e  

ra t e  v o l a t i l i t y .

Some  e m p i r i c a l  i n v e s t i g a t i o n s  o f  e x c h a n g e  r a t e s  g e n e r a t e  

a c c e p t a b l e  r e s u l t s  w he n  h a n d l i n g  w i t h i n - s a m p l e  a na l y s e s ,  bu t  they 

u s u a l l y  fai l  to i m p r es s  whe n  a pp l i e d  to o u t - o f - s a m p l e  f o rec as t s .  

Th i s  is the  s t r on g  c o n c l u s i o n  r e v e a l e d  by  the  s e m i n a l  w or k  o f  Mee se  

and R o g o f f  ( 1983) .  N e v e r t h e l e s s ,  it is a c o n t r o v e r s i a l  c o n c l u s i o n  as 

ma ny  f i n d i n g  ove r  two d e c a d e s  have  r e p o r t e d  r e s u l t s  in s u p po r t  o f  

the  m o n e t a r y  mo d e l .  T he se  s tud i e s  are c h a r a c t e r i s e d  by un i t  r o o t  and
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c o i n t e g r a t i o n  a p p r o a c h e s  us ing  long  spans  o f  da ta .  In fac t ,  the 

c l a s s i ca l  m o n e t a r y  mode l  r e l i e s  h e a v i l y  on the c o n t i n u o u s  PPP 

c o n d i t i o n  w h i c h  r e q u i r e s  l ong  spans  o f  da t a  to hold .  As R o g o f f  

( 1 9 96 )  e m p h a s i s e d ,  e s t i m a t e s  show tha t  the  s pee d  o f  c o n v e r g e n c e  to 

the  PPP c o n d i t i o n  is low so t ha t  the  e x c h a n g e  r a t e  does  not  c o n v e r g e  

i n s t a n t a n e o u s l y  to the  l o n g - r u n  e q u i l i b r i u m  d e f i n e d  by the  mode l .  

H o w e v e r ,  thi s  e x p l a n a t i o n  s ee ms  not  to be s u f f i c i e n t  as even  

e x c h a n g e  ra t e  m o d e l s  b a s e d  on s t i c k y - p r i c e s  do not  p e r f o r m  wel l .

The  idea  o f  l ong  spans ,  n o n e t h e l e s s ,  ma y  a l so  s ug g es t  

t ha t  s h o r t - r u n  e x c h a n ge  ra t e  m o v e m e n t s  w ou l d  r e m a i n  u n e x p l a i n a b l e  

g i ve n  the s t a n d a r d  m o d e l s  in use.  It a p p e a r s  tha t  f u r t h e r  a t t e m p t s  to 

p r o v i d e  e x p l a n a t i o n s  ab o u t  s h o r t - r u n  e x c h a n g e  ra te  m o v e m e n t s  

b a s e d  s o l e l y  on t r a d i t i o n a l  m a c r o e c o n o m i c  f u n d a m e n t a l s  have  not  

p r o v e d  to be e n t i r e l y  s u c c es s f u l .  I n d e ed ,  one  o f  the  d i f f i c u l t i e s  in 

i m p r o v i n g  on a s i mp le  r a n d o m  wa lk  m o d e l ,  as a r g u e d  by M e e s e  and 

R o g o f f  ( 1 9 83 ) ,  may  be r e l a t ed  to t es t s  b a s e d  on s h o r t - r u n  h o r i z on  

da t a  se t s  and  h e t e r o g e n e i t y  a c r o s s  un i t s  wh i c h  r e d u ce  the  p o w e r  o f  

t e s t s  [see Ro g of f ,  ( 1 9 96 ) ,  P e s a r a n  et al. ( 1 99 9 ) ] .  E m p i r i c a l  e v i d e n c e  

s hows  t ha t  e x c h a n g e  r a t e  d e v i a t i o n s  f r om e c o n o m i c  f u n d a m e n t a l s  

i n v o l v e  p r o b l e m s  o f  da t a  h o r i z on ,  and c o u n t r y  h e t e r o g e n e i t y  in 

c r o s s - s e c t i o n  s t ud i e s ,  wh i ch  may  not  r e l i a b l y  r e j e c t  the  h y p o t h e s i s  

o f  un i t  r oo t s .  Thus  s t a n d a r d  m o n e t a r y  m o d e l s  w o u ld  j u s t  be good 

e no u g h  to p r e d i c t  e x c h a n g e  ra t e  b e h a v i o u r  in the  long  run and in a 

h o m o g e n e o u s  c on t ex t ,  r a t h e r  than  in the  sho r t  run and in a 

h e t e r o g e n e o u s  one.  T h e s e  c i r c u m s t a n c e s  r e q u i r e  t ha t  the  e m p i r i c a l  

m e t h o d  a s s u m e s  as i m p o r t a n t  a ro le  as the  t h e o r e t i c a l  mode l  i t se l f .  

C h a p t e r  III uses  an e c o n o m e t r i c  a p p r oa c h  tha t  a d d r e s s e s  p a r t l y  thi s  

d i f f i c u l t y  by  d e c o m p o s i n g  the  h e t e r o g e n e i t y  e f f e c t s  o f  e c o n o m i c  

f u n d a m e n t a l s  on e x c h a n g e  ra t e  m o v e m e n t s  into s h o r t - r u n  and long-  

run c o m p o n e n t s  a c r o s s  c o u n t r i e s .  In e s s e n ce ,  t he  a p p r o a c h  a s s u me s
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h e t e r o g e n e i t y  a c r o s s  c o u n t r i e s  in the  sho r t  run and h o m o g e n e i t y  in 

the  l ong  run  for  a s am p l e  o f  i n d u s t r i a l i s e d  and e m e r g i n g  c o un t r i e s .

T r a d i t i o n a l  m a c r o e c o n o m i c  f u n d a m e n t a l s  m o d e l s  are 

u n d e n i a b l y  i m p o r t a n t  in s e t t i ng  the  p a r a m e t e r s  w i t h i n  w h i c h  the 

e x c h a n g e  r a t e  m o v es ,  bu t  t hey  do r e a l l y  not  a p p e a r  to t e l l  the  who l e  

s tory .  T a y l o r  ( 1 9 95 )  s t a t es ,  for  i n s t a n ce ,  t ha t  even  t h o u g h  some 

e m p i r i c a l  s t ud i e s  h a ve  p r o v i d e d  s up p or t  for  l o n g - r u n  r e l a t i o n s h i p s  

b e t w e e n  the  e x c h a n g e  ra t e  and e c o n o m i c  f u n d a m e n t a l s ,  g r e a t e r  

p r o g r e s s  m i g h t  be m ad e  i f  e f f o r t s  we r e  c o n c e n t r a t e d  on the 

q u a l i t a t i v e  a n a l y s i s  o f  e x c h a n ge  ra t e  d e t e r m i n a n t s .  Th i s  s t a t e m e n t  is 

r e l a t e d  to p r o b l e m s  o f  mode l  m i s s p e c i f i c a t i o n s  w h i c h  can be c ruc i a l  

in i n v e s t i g a t i o n s  o f  the  e xc ha n ge  ra t e  and its f u n d a m e n t a l s .

In fac t ,  the  d e ba t e  ab o u t  e x c h a n g e  r a t e  m o d e l s  is st i l l  

u n c l e a r  and i n v o l v e s  i s sue s  such  as the  mos t  a p p r o p r i a t e  v a r i a b l e s  

and p r i ce  r e g im e ,  s t i c k y - p r i c e  or  f l e x i b l e - p r i c e  r e g im e s .  Thus ,  

a d d i t i o n a l  a l t e r n a t i v e  e x p l a n a t i o n s  o f  e x c h a n g e  ra t e  m o v e m e n t s  

a r i se .  For  i n s t a nc e ,  the  i n t e r f e r e n c e  o f  e x t r a n e o u s  e l e m e n t s  may  

t ake  the  e x c h a n g e  r a t e  away  f rom its l o n g - r u n  e q u i l i b r i u m  and may  

be ve r y  i m p o r t a n t .  The  l i t e r a t u r e  r e f e r s  to t he se  i n t e r f e r e n c e s ,  such  

as the  e f f e c t  o f  news ,  the  p r e s e n c e  o f  b u b b l e s 1, or  even  c h an g e s  in 

p o r t f o l i o  p r e f e r e n c e s ,  as a n o m a l i e s  to the  m o n e t a r y  m o d e l  and 

s u g g e s t s  t ha t  they  may  d r i ve  the  s t o c h a s t i c  p r o c e s s  o f  the  e x c h a n g e  

ra t e  [see D e G e n a r o  and Sh r i ev es ,  ( 1997) ,  A l m e i d a  et al.  ( 1998) ,  

Hal l  et al.  ( 1999) ,  P s a r a d a k i s  et al.  ( 2 00 1 ) ,  F o r n a r i  et al.  ( 2002) ,  

C han g  and T a y l o r  ( 2 0 03 ) ,  O b e r l e c h n e r  and H o c k i n g  ( 2 00 4 ) ] .  

E s s e n t i a l l y ,  the  s t ud i e s  b a s ed  on t he se  a l t e r n a t i v e  s c e n a r i o s  

i n v e s t i g a t e  t he se  a n o m a l i e s  as be in g  i n h e r e n t l y  a s s o c i a t e d  wi th

' There are different concepts of bubbles. Flood and Garber (1980) introduced a deterministic self-fulfilling 
concept of bubbles which expand through time at ever-accelerating rate. Blanchard and Watson (1982) 
developed the concept of stochastic rational bubbles which are stochastic processes completely independent 
of fundamentals. Froot and Obstfeld (1991) introduced the concept of intrinsic bubbles that are driven 
exclusively by nonlinearities in fundamentals. Evans (1991) presented the concept of periodically 
collapsing rational bubbles that expand and sudden collapse with probabilities k and \-k , respectively.
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d e v i a t i o n s  o f  the  e x c h a n g e  r a t e  f rom i ts e c o n o m i c  f u n d a m e n t a l s .  In 

p r a c t i c e ,  the  a n o m a l i e s  act  as a “ c o n t a m i n a t i n g  v i r u s ” t ha t  v i o l a t e s  

the  e f f i c i e n t  m a r k e t  h y p o t h e s i s  and i n v a l i d a t e s  t r a d i t i o n a l  m o n e t a r y  

m o d e l s  o f  the  e x c h a n g e  ra t e  . S i g n i f i c a n t  e f f o r t s  have  b een  made  to 

i m p r o v e  e c o n o m e t r i c  t e c h n i q u e s  in o rd e r  to d e t e c t  a c c u r a t e l y  the  

p r e s e n c e  o f  t he se  e x t r a n e o u s  e ven t s ;  h o w e v e r ,  t he re  is s t i l l  much  to 

do.  C h a p t e r  IV o f  th i s  t he s i s  i n v e s t i g a t e s  the  p r e s e n c e  o f  b u b b l e s  in 

e x c h a n g e  r a t e s  ba se d  on Evans  (1 99 1) ’ s c o n c e p t ,  and on a Mar k o v -  

s w i t c h i n g  r e g i m e s  mo d e l .  Ev a ns  (19 91)  ’ s b u b b l e  c o n c e p t  is 

a p p r o p r i a t e  to the  r e a l i t y  o f  the  fo r e i gn  e x c h a n g e  m a r k e t  and to 

s w i t c h i n g  r e g i m e s  m o d e l s  by m o d e l l i n g  a b u b b l e  as a s t o c h a s t i c  

p r o c e s s  t ha t  e x p a n d s  and c o l l a p se s  p e r i o d i c a l l y .

O t h e r  “ n o i s e s ” to the  f u n d a m e n t a l s - e x c h a n g e  ra t e  

r e l a t i o n s h i p ,  g e n e r i c a l l y  k n o w n  as m a r k e t  f r i c t i o n s  such  as 

t r a n s a c t i o n  cos t s ,  are  a l so  t h e me s  o f  the  e x c h a n g e  r a t e  l i t e r a t u r e  

( see  O b s t f e l d  and R og of f ,  2000) .  M o r e o v e r ,  e f f o r t s  have  a l so  

f o c u s e d  on i n v e s t i g a t i n g  t h e o r e t i c a l  m o d e l s  w h i c h  e xp l i c i t l y ,  or  

i m p l i c i t l y ,  p r o p o s e  a n o n - l i n e a r  r e l a t i o n s h i p  b e t w e e n  the e x c h a n g e  

r a t e  and f u n d a m e n t a l s  [see M ee se  and Rose  ( 1 99 1 ) ,  T a y l o r  and Pee l  

( 2 00 0) ,  Yue  and Kana  ( 2 0 00 ) ,  T a y l o r  and  Pee l  and Sa rno  ( 2001) ,  

K i l i an  and T a y l o r  ( 2 0 0 3 ) ] .  K r u g m a n  ( 1 99 1 )  d e r i v e d  a t a r g e t  zone  

mode l  for  m a n a g e d  e x c h a n g e  r a t e  r e g i m e s  w h i c h  e s t a b l i s h e s  an S- 

s hap ed ,  n o n - l i n e a r  f u n d a m e n t a l s - e x c h a n g e  r a t e  r e l a t i o n s h i p .  

K r u g m a n  and M i l l e r  (1 9 93 )  e x t e n d e d  thi s  s t ud y  by d e r i v i n g  a n o n 

l i n e a r  t h e o r e t i c a l  mode l  for  f r ee - f l o a t  e x c h a n g e  r a t e  r e g i m e s  b a s ed  

on m i c r o - f o u n d a t i o n s .  N o n - l i n e a r  b e h a v i o u r  o f  e x c h a n g e  ra t e s  can 

a l so  be a t t r i b u t e d  to n o n - l i n e a r i t i e s  in g o v e r n m e n t  e c o n o m i c
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2 The efficient market hypothesis implies market agents with rational expectations and risk neutrality. It 
implies more than that: perfect information, sufficiently deep market (enough number of traders), perfect 
competition.
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p o l i c i e s  t ha t  may  d e t e r m i n e  s p e c u l a t i v e  a t t a ck s  in t he  fo r e i g n  

e x c h a n g e  m a r k e t  ( see  F l o o d  and M ar i on ,  1 9 9 8 ) 3.

H o w e v e r ,  the  s tud i e s  on e x c h a n g e  r a t e  b e h a v i o u r  go 

mu ch  f u r t h e r  and a d d i t i o n a l  r e s e a r c h  e f f o r t s  have  f o c u s s e d  on two 

o t h e r  f i e lds .  The  f i r s t  one is r e l a t e d  to more  p u r e l y  f i n a n c i a l  m o d e l s  

o f  e x c h a n g e  r a t e  v o l a t i l i t y  w h i c h ,  c o n v e n t i o n a l l y ,  have  b e e n  t e r m e d  

as m a r k e t  m i c r o s t r u c t u r e  m o d e l s  in the  e c o n o m i c  l i t e r a t u r e .  Thi s  

e m e r g i n g  f i e ld  c o n s i s t s  o f  e x p l a n a t i o n s  o f  e x c h a n g e  r a t e  m o v e m e n t s  

b a s e d  not  on p r e d i c t i o n s  ab ou t  e c o n o m i c  f u n d a m e n t a l s ,  bu t  

e s s e n t i a l l y  on the  i d e n t i f i c a t i o n  o f  s u p p o s e d l y  r e c u r r i n g  p a t t e r n s  in 

e x c h a n g e  r a t e  b e h a v i o u r .  It is a l so  u s u a l l y  c a l l ed  t e ch n i c a l  or char t  

a n a l y s i s .  In e s s e n ce ,  th i s  r e s e a r c h  p r o p o s e s  t ha t  the  e x p l a n a t i o n  of  

a n o m a l o u s  e x c h a n g e  r a t e  m o v e m e n t s  c omes  f r om “ i n f o r m a t i o n ” 

e x c h a n g e d  by f o r e i g n  e x c h a n g e  m a r k e t  de a l e r s .  Q u e s t i o n n a i r e  

s u r v e y s  c o n c l u d e d  t ha t  a s i g n i f i c a n t  p r o p o r t i o n  o f  m a r k e t  t r a de r s  

e m p l o y  t e c h n i c a l  or c h a r t i s t  a n a l y s i s  [ see  T a y l o r  and Al l e n  ( 1992) ,  

Y i n - W o n g  and  Y u k - P a n g  ( 20 0 0) ] .  In fac t ,  s t ud i e s  b a s e d  on 

m i c r o s t r u c t u r e  m o d e l s  r e ve a l  t ha t  the  d i s p e r s i o n  o f  o p i n i o n s  a mo n g  

m a r k e t  p a r t i c i p a n t s  w o r k s  a g a i n s t  the  r a t i o n a l  e x p e c t a t i o n  and r i sk  

n eu t r a l  h y p o t h e s e s  a s s u m e d  by t r a d i t i o n a l  e x c h a n g e  ra t e  m o d e l s  [see 

O ’Ha ra  ( 1995) ,  F i e r s  and M a c D o n a l d  ( 2 00 2 ) ,  D o m i n g u e z  ( 2003) ,  

H a s h i m o t o  (2 0 05 ) , ] .

The  s e c on d  g r oup  o f  e m e r g i n g  r e s e a r c h  is c o n c e r n e d  wi th  

i n v e s t i g a t i n g  e x c h a n g e  ra t e  d e t e r m i n a n t s  in a c o n t e x t  o f  d y n a mi c  

g en er a l  e q u i l i b r i u m .  It i n t r o d u c e s  e x p l i c i t l y  m i c r o - f o u n d a t i o n s ,  

n o m i n a l  r i g i d i t i e s  and i m p e r f e c t  c o m p e t i t i o n  into the  a n a l y s i s  to 

d e r i v e  the  e q u i l i b r i u m  e x c h a n g e  ra t e .  T he se  s t ud i e s  are  u su a l l y  

t e r m e d  N ew O p e n - E c o n o m y  M a c r o e c o n o m i c s .  A l t h o u g h  m u c h  o f  the

3 In essence, Flood and Marion (1998) focus their study closely on fixed exchange rate regimes. For 
floating exchange rate regimes, most non-linear models use transactions costs or some other frictions, or 
still on a mixture of chartists and fundamentalists acting in the market.
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l i t e r a t u r e  a s s o c i a t e d  wi t h  th i s  g roup  t akes  the  r e d u x  m o d e l  as a 

r e f e r e n c e  ( see  O b s t f e l d  and R og of f ,  1995a) ,  the  p r e c u r s o r  s t udy  was  

d e v e l o p e d  by S v e n s s o n  and W i j n b e r g e n  ( 1989) .  The  b a s e l i n e  o f  the 

r e du x  mo de l ,  and a s i g n i f i c a n t  pa r t  o f  the  s u b s e q u e n t  l i t e r a t u r e  

a b ou t  thi s  t op i c ,  i n v e s t i g a t e s  the  i n t e r n a t i o n a l  t r a n s m i s s i o n  

m e c h a n i s m s  and the e n d o g e n o u s  d e t e r m i n a t i o n  o f  i n t e r e s t  r a t e s  and 

o t he r  a s se t  p r i ce s ,  a mo n g  t hem the  e x c h a n g e  r a t e  in an i m p e r f e c t l y  

c o m p e t i t i v e  m a r k e t  ( see  Lane ,  2001) .  B a s i c a l l y ,  t he y  a n a l y s e  the 

o p t i m i s i n g  b e h a v i o u r  o f  a r e p r e s e n t a t i v e  agen t  and the i m p a c t  o f  a 

m o n e t a r y  s h o c k  on rea l  m o n e y  b a l a n c e s ,  on o u t p u t  and on e x c h a n g e  

r a t e  b e h a v i o u r .  Thi s  r e s e a r c h  f i e ld  goes  b e y o n d  the  s cope  o f  this  

t hes i s .

F i n a l l y ,  an i m p o r t a n t  a rea  o f  r e s e a r c h  has  d e v o t ed  

a t t e n t i o n  to i mp ac t s  o f  f i na nc i a l  v a r i a b l e s  on e x c h a n g e  ra te

v a r i a b i l i t y .  T he se  s t ud i e s  are  c l a s s i f i e d  into the  t h i r d  r e g i m e  o f  

r e s e a r c h  as p r o p o s e d  by M a c D o n a l d  ( 1 99 9 ) ,  and b a s i c a l l y

i n v e s t i g a t e  the  i m p o r t a n c e  o f  f i n a n c i a l - e c o n o m i c  e q u i l i b r i u m  for  

e x c h a n g e  ra t e  s t ab i l i t y .  O b s t f e l d  and R o g o f f  (1 995b)  e x a m i n e  the 

i mp a c t  o f  ne t  f o r e ign  a s s e t  p o s i t i o n s  on e x c h a n g e  ra t e  c han g e s .  De 

G r e g o r i o  et al. ( 1994)  and A l e s i n a  and P e ro t t i  ( 1995)  s t ud y  the

e f f ec t s  o f  f i s ca l  p o l i c i e s  on e x c h a n ge  r a t e  d e t e r m i n a t i o n 4. D e v e r e u x

and Lane  ( 2 0 0 3 )  use a c r o s s - s e c t i o n  m o d e l  to a n a l y s e  the  i m p a c t  o f  

an o p t i m a l  c u r r e n c y  a rea  and f i n a n c i a l  v a r i a b l e s  on e x c h a n g e  ra te  

v o l a t i l i t y .  C h a p t e r  V o f  th i s  t he s i s  use  a t i m e - s e r i e s  a p p r o a c h  to 

i n v e s t i g a t e  t he  e f f e c t  o f  h i gh  l eve l s  o f  ne t  f o r e ig n  deb t s  on 

e x c h a n g e  ra t e  v o l a t i l i t y  b a s e d  on the e v e r - i n c r e a s i n g  d e f a u l t  r i sk  

a s s u m p t i o n .  The  b a s i c  i dea  is t ha t  h igh  s t ock s  o f  f o r e i gn  de b t s  l ead 

to i n c r e a s e s  in d e f au l t  r i sks  p r o d u c i n g  a d v e r s e  e f f e c t s  on e x c h a n ge  

ra t e  vo l a t i l i t y .

4 Note that Obstfeld and Rogoff (1995b), De Gregorio et al. (1994) and Alesina and Perotti (1995) study 
equilibrium real exchange rates, not exactly exchange rate variability.
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The  f o l l o w i n g  s ec t i o n s  s u m m a r i s e  the  c u r r e n t  d e ba t e  

a b ou t  the  r e l a t i o n s h i p  b e t w e e n  the e x c h a n g e  r a t e  and e c o n o m i c  

f u n d a m e n t a l s .  S ec t i on  2.1 c o n s i s t s  o f  b r i e f  d e s c r i p t i o n s  ab o u t  some 

s e l e c t e d  f i nd i n g s  o f  the  r e l a t i o n s h i p  b e t w e e n  the  e x c h a n g e  ra t e  and 

s t a n d a r d  e c o n o m i c  f u n d a m e n t a l s .  S ec t i on  2.2 s u m m a r i s e s  some 

f i n d i n g s  ab ou t  b u b b l e s  in the  e x c h a n g e  ra t e  p r o c es s .  S e c t i o n  2.3 

o u t l i n e s  b r i e f l y  the  e f f ec t  o f  f o r e i gn  deb t s  on the  e x c h a n g e  ra t e .  

S e c t i o n  3 s u m m a r i s e s  the  ma i n  i s sues  d e v e l o p e d  in the  ch ap t e r .

2 -  L i t e r a t u r e  S u m m a r y

2.1 -  E f f e c t s  of  E c o n o m i c  F u n d a m e n t a l s  on E x c h a n g e s  Rates

The  bas i c  f u n d a m e n t a l s - b a s e d  e x c h a n g e  ra t e  mode l  is 

b a s e d  on an e f f i c i e n t  s p e c u l a t i v e  m a rk e t .  P r i ce s  s ho u l d  fu l l y  r e f l e c t  

i n f o r m a t i o n  a v a i l a b l e  to m a r k e t  p a r t i c i p a n t s  and it  s ho u l d  be 

t h e o r e t i c a l l y  i m p o s s i b l e  for  a t r a d e r  to make  e xce s s  r e t u r ns  f rom 

s p e c u l a t i o n .  P a r t i c i p a n t s  are in g e ne r a l  a s s u m e d  to be r i s k  neu t r a l  

and h av e  r a t i o n a l  e x p e c t a t i o n s .  U n d e r  r a t i o n a l  e x p e c t a t i o n s  and r i sk  

n e u t r a l i t y ,  the  e x p e c t e d  c h an g e  in the e x c h a n g e  ra t e  s ho u l d  d i f f e r  

f rom the ac t ua l  c han g e  o n ly  by a r a t i o n a l  e x p e c t a t i o n  e r r o r  wh i ch  

n o r m a l l y  is wh i t e  no i se .

The  u n d e r l y i n g  idea  is t ha t  the  e x c h a n g e  r a t e  is a 

f i n a n c i a l  a s s e t  p r i c e  and e x p e c t a t i o n s  ab o u t  the  f u t u r e  p a t h  o f  its 

d e t e r m i n a n t s  wi l l  be i m p o r t a n t  for  the  c u r r e n t  d e t e r m i n a t i o n  o f  the  

e x c h a n g e  ra t e .  The  t r a d i t i o n a l  f l e x i b l e  p r i ce  m o n e t a r y  mode l  o f  

e x c h a n g e  r a t e s  e x p l a i n s  how f u tu r e  r a t i o n a l  e x p e c t a t i o n s  abou t  

e c o n o m i c  f u n d a m e n t a l s  can d e t e r m i n e  the  v a r i a b i l i t y  in e xch a ng e  

r a t e s .  S t a r t i ng  f rom the  p u r c h a s i n g  p o w e r  p a r i t y  - PPP c o nd i t i o n ,  

the  e x c h a n g e  r a t e , 5,, is d e t e r m i n e d  by the  f o l l o w i n g  e qu a t i on :
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s, = P,-pt, (2.1.1)

w he r e  p t and / ^ d e n o t e  the  d o m e s t i c  p r i c e  and the  f o r e i gn  p r i ce  

l eve l s ,  r e s p e c t i v e l y 5.

P r o v i d e d  tha t  a s s e t  h o l d e r s  are  ab l e  to a d j u s t  t he i r  

p o r t f o l i o  i n s t a n t a n e o u s l y  as b on ds  are a s s u m e d  to be p e r f e c t  

s u b s t i t u t e s ,  and f i na nc i a l  c ap i t a l  f l ows  are  p e r f e c t l y  m o b i l e ,  so the 

u n c o v e r e d  i n t e r e s t  r a t e  p a r i t y  - UIRP c o n d i t i o n  ho l ds .  He nce ,  the  

e x p e c t e d  c h an g e  in e x c h a n g e  r a t e ,  d e n o t e d  by  Aesl+] ( s U i~ s t ), is 

d e t e r m i n e d  by the  i n t e r e s t  ra t e  d i f f e r e n t i a l :

Aesl+l=/3( i , - i ,*) (2.1.2)

w he r e  i is the  d o me s t i c  i n t e r e s t  r a te  and i is the  f o re i g n  i n t e r e s t  

ra t e .  The  e x p r e s s i o n  (2 . 12)  is the  u n c o v e r e d  i n t e r e s t  r a t e  p a r i t y  

( U I R P )  c o n d i t i o n .

The  n o m i n a l  d e ma nd  for  mo n e y ,  d e n o t ed  by m,  is 

a s s u m e d  to d e pe nd  on real  i n c om e ,  y ,  the  p r i ce  l eve l ,  p , and  the 

l eve l  o f  the  n o m i n a l  i n t e r e s t  ra t e ,  i , so the  e q u i l i b r i u m  in the 

d o m e s t i c  and f o r e i g n  m o n e y  m a r k e t  is d e f i n e d  as:

m, = p, + ccyt -  P  i, (2.1.3)

m*, = p* + a y ,  ~ P*i*, (2.1.4)

S u b t r a c t i n g  e q u a t i o n s  (2 . 1 . 3 )  and (2 . 1 . 4 )  so t ha t  the  PPP 

c o n d i t i o n  in ( 2 . 1. 1) ho l ds ,  and a s s u m i n g  t ha t  t h e re  is no s i g n i f i c a n t  

d i f f e r e n c e  in i n c o me  and i n t e r e s t  e l a s t i c i t i e s  o f  m o n e y  d e ma n d

5 The a s t e r i sk  d e n o t e s  a f o r e i g n  va r i a b l e .
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a m on g  d i f f e r e n t  c o u n t r i e s  ( a  = a  and /? = /?*), t he n  the  e x c h a n g e  ra te  

is d e t e r m i n e d  as f o l l ows :

s, -  m, ~ m* ~ a{y, ~ y , )  + P(it ~ i*) (2.1.5)

The  m o n e t a r y  m o de l  e x p r e s s e d  in ( 2 . 1 . 5 )  d e m o n s t r a t e s  

t ha t  the  e x c h a n g e  r a t e  is a f u n c t i o n  o f  m o n e y  s u p p l y  d i f f e r e n t i a l s ,  

r ea l  i n c o me  d i f f e r e n t i a l s  and i n t e r e s t  r a t e  d i f f e r e n t i a l s .  Hen ce ,  an 

i n c r e a s e  in d o m e s t i c  m o n e y  s upp l y ,  r e l a t i v e  to the  f o r e i g n  m o n e y  

s t ock ,  wi l l  l ead  to a r i s e  in e x c h a n g e  r a t e , y , ,  i . e . ,  a d e p r e c i a t i o n  o f  

the  d o me s t i c  c u r r e n c y  in t e r ms  o f  f o re i g n  c u r r e n c y .  L i k e w i s e ,  a r i se  

in d o m e s t i c  r ea l  i n c o me  wi l l  l ead  to an a p p r e c i a t i o n  in the  e xc ha n ge  

ra te .

D e n o t i n g  the e c o n o m i c  f u n d a m e n t a l s  as 

z t = mt - m , - c c ( y t - y t ) and  a s s u m i n g  t ha t  the  UI RP  c o n d i t i o n  in 

( 2 . 1 .2 ) ho l ds ,  the  e x c h a n g e  r a t e  c an  be r e w r i t t e n  as:

st = z t + fiAest+, (2.1.6)

w h e r e  Aesl+l = and,

s^ii+pr'z+fiii+py'sii (2 .1.7)

R a t i o n a l  e x p e c t a t i o n s  is i n t r o d u c e d  by  c o n s i d e r i n g  a ful l  

i n f o r m a t i o n  set ,  d e n o t e d  by Q , , so t ha t  SU\ is d e f i n e d  by c o n d i t i o n a l  

e x p e c t a t i o n s ,  set+\ = E{St+\lQ.!) = E,s,+i • As long  as m a r k e t  i n f o r m a t i o n  is 

s y m m e t r i c ,  the  m a r k e t  p a r t i c i p a n t s  are e x p e c t e d  to k n o w the  p r o c e s s
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o f  e x c h a n g e  ra te  d e t e r m i n a t i o n  and its u n d e r l y i n g  s t o ch a s t i c  

s t r u c t u r e :

s, - ( 1  + /?) 'zt + P (  1 + /?) 'e ,s,+\ (2 .1.8)

U si n g  the l aw o f  i t e r a t e d  e x p e c t a t i o n  and r e p e a t e d l y  

s u b s t i t u t i n g  for  E,s,+\ for  n f u tu r e  t ime  p e r i o d s ,  the  f ina l  form for  

the  e x c h a n g e  ra t e  is as f o l l ows :

* - o + / »■ <£  [ * 1 + / , ) " ] '  Ei Zt+j (2.1.9)

The  e x p r e s s i o n  (2 . 1 . 9 )  s t a t es  t ha t  the  m a r k e t  p a r t i c i p a n t s  

e x p e c t a t i o n s  wi l l  d e p e n d  on the u n d e r l y i n g  s t o c h a s t i c  s t r u c t u r e ,  

d e f i n e d  by e c o n o m i c  f u n d a m e n t a l s ,  or  g o v e r n m e n t  a u t h o r i t y  ru l es  

( zi) d e f in e d  for  f u n d a m e n t a l s  at  t ime  t. The  c en t r a l  idea  is tha t  the 

f u t u r e  p o l i c y  ( Zl+J) fo r  f u n d a m e n t a l s  wi l l  d e t e r m i n e  c u r r e n t  

e x c h a n g e  ra t e  b e h a v i o u r .  Any  e x c h a n g e  ra t e  d e v i a t i o n  f rom its va lue  

d e t e r m i n e d  by e x p e c t e d  f u n d a m e n t a l s  in (2 . 1 . 9 )  ma y  d e n o t e  the  

p r e s e n c e  o f  e x t r a n e o u s  fo r ces  i n t e r f e r i n g  wi t h  the  c o n v e r g e n c e  

t o w a r d s  the  e qu i l i b r i u m .

R a p a c h  and W o h a r  ( 2 0 04 )  a pp l i e d  p a ne l  t e s t s  to q u a r t e r l y  

i n d u s t r i a l i s e d  c o u n t r i e s  da ta  u s ing  the  m o n e t a r y  m o d e l  o f  the  

e x c h a n g e  r a t e  for  the  p e r i o d  1 9 7 3 : 1 - 1 9 9 7 : 1 .  In e s s e n ce ,  the  s tudy  

c o m p a r e d  the  p e r f o r m a n c e  o f  a c o u n t r y - b y - c o u n t r y  a p p r o a c h  to a 

p o o l e d  da t a  a p p r oa c h .  The  i n v e s t i g a t i o n  a n a l y s e d  two a sp e c t s :  (1)  i f  

the  l o n g - r u n  p a r a m e t e r  e s t i m a t e s  met  the  v a l ue s  p r e d i c t e d  by  the 

t he or y ,  and  ( 2 ) i f  t he re  were  c o i n t e g r a t i n g  r e l a t i o n s h i p s  b e t w e e n  the 

e x c h a n g e  r a t e  and the  t r a d i t i o n a l  e c o n o m i c  f u n d a m e n t a l s .  Bo th  

a s p ec t s  we r e  e x a m i n e d  for  a c o u n t r y  by c o u n t r y  a p p r o a c h  and a
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p o o l e d  da ta  a p p r o a c h .  The  t h e o r e t i c a l  m o n e t a r y  m o d e l  was  as 

f o l l ows :

eu ~ Pio  +  P n {m u  ~ ml)  + Pn{yit ~ T,r) + ua (2 .1 .1 0 )

w h e r e  mu~m l  and y it -  y it are the  m o n e y  s u pp l y  d i f f e r e n t i a l  and real  

i n c o m e  d i f f e r e n t i a l  b o th  b e t we e n  a h o m e  c o u n t r y  and a fo r e i gn  

c o u n t r y  (US is the  r e f e r e n c e  c ou n t r y ) .  The  t e rm Ui, is a s s u m e d  to be 

w h i t e  no i s e ,  f in = 1 and P n <0 .

The  l o n g - r u n  c o u n t r y - b y - c o u n t r y  p a r a m e t e r s  were  

e s t i m a t e d  by o r d i n a r y  l eas t  s q u a r e - O L S ,  fu l l y  m o d i f i e d - O L S  

( F M O L S )  due o r i g i n a l l y  to P h i l l i p s  and H a n s en  (1990)  and  in pane l  

da t a  to P e d r o n i  ( 1 9 96 ) ,  d y n a m i c - O L S  ( DO LS )  due  f i r s t l y  to 

S a i k k o n e n  ( 1 9 91 )  and S t ock  and W a t s o n  ( 1 99 3 )  and  in pa ne l  to Kao 

and C h i an g  ( 2 0 0 0 ) 6. The  th r ee  e s t i m a t o r s  d id not  f ind the  va l ues  

h y p o t h e s i s e d  by the  t h e o r y  no r  even  the  c o r r e c t  e x p e c t e d  s igns .  

S l i g h t l y  b e t t e r  r e su l t s  we re  c o m p u t e d  by us ing  J o h a n s e n  (1991)  

v e c t o r - e r r o r - c o r r e c t i o n  m a x i m u m  l i k e l i h o o d  ( JML)  and P e s a r a n  and 

Shin  (1 99 9 )  a u t o - r e g r e s s i v e  d i s t r i b u t e d  lags  ( A R D L)  so t ha t  some 

e s t i m a t e d  s igns  met  the  t he or y .  N e x t ,  c o u n t r y - b y - c o u n t r y  

c o i n t e g r a t i o n  t e s t s  we r e  a p p l i e d  by f o l l o w i n g  J o h a n s e n  ( JML)  and 

E n g l e - G r a n g e r  (EG)  a p p r o a c h e s .  The EG te s t s  did r e j e c t  the  nul l  

h y p o t h e s i s  o f  no c o i n t e g r a t i o n  for  the  e n t i r e  s am p l e  and JML te s t s  

on l y  d e m o n s t r a t e d  a pa r t i a l  s u p po r t  for  the  a l t e r n a t i v e  h y p o t h e s i s  o f  

c o i n t e g r a t i o n .

6 FMOLS and DOLS estimators aim at eliminating the problems of asymptotic distribution biases as the 
cross-section dimension and heterogeneity rise, and endogeneity biases of feedback effects in multivariate 
regressions when the exogeneity requirement does not hold.
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The  pane l  i n v e s t i g a t i o n  used  the b i a s - c o r r e c t e d  l eas t  

s qu ar e s  d u m m y  v a r i a b l e  ( L SD V)  e s t i m a t o r  d e v e l o p e d  by Kao and 

C hen  (1 995)  and p o o l e d  mean  group  ( PMG )  e s t i m a t o r  by P e s a r a n  et  

al. ( 1999) .  T he se  e s t i m a t o r s  d i f f e r  f rom each  o t he r  by c o n s i d e r i n g  

p a r a m e t e r  h o m o g e n e i t y  ( L SD V)  and c o n s i d e r a b l e  p a r a m e t e r  

h e t e r o g e n e i t y  a c r o s s  un i t s ,  r e s p e c t i v e l y .  The  r e su l t s  for  LS DV 

p r o d u c e d  the c o r r e c t  s i gns  for  (5iX and /3n , bu t  (3n was  f o un d  to be

s t a t i s t i c a l l y  l e ss  t han  un i ty .  The  PMG m e t h o d  fo u n d  the e s t i m a te s  

s t a t i s t i c a l l y  p r e d i c t e d  by the  t heory .  The  pa ne l  c o i n t e g r a t i o n  t e s t s  

we r e  b a s e d  on P e d r o n i  ( 1995) ,  Gr oe n  ( 2 00 0 )  and T a y l o r  and  Sarno  

( 1 99 8 )  and found  s i g n i f i c a n t  e v i d e n c e  o f  c o i n t e g r a t i o n .

The  f inal  c o n c l u s i o n  was  t ha t  the  b e t t e r  e c o n o m e t r i c  

p e r f o r m a n c e  a s s o c i a t e d  wi th  the  p o o l e d  da ta  a p p r o a c h  in c o m p a r i s o n  

to the  c o u n t r y - b y - c o u n t r y  a p p r o a c h  is due to two f ac to r s :  ( 1) a 

s i g n i f i c a n t  i n c r e a s e  in s ampl e  s ize  whe n  da ta  are  p o o l e d ;  and (2 ) an 

i n c r e a s e  in r e g r e s s o r  v a r i a b i l i t y  for  p o o l e d  da t a  wh i c h  i m p r o v e s  the  

c o n v e r g e n c e  to l o n g - r u n  p a r a m e t e r s .

K i l i an  and T a y l o r  ( 2 0 0 3)  i n v e s t i g a t e d  the  n o n - l i n e a r  

b e h a v i o u r  in e x c h a n g e  ra t e  by us i ng  a n o n - l i n e a r ,  e x p o n e n t i a l ,  

s mo o th  t r a n s i t i o n  a u t o r e g r e s s i v e  ( E S T A R )  m o d e l  for  a s amp l e  o f  

s even  O E C D c o u n t r i e s  for  the  p e r io d  1 9 7 3 : 1 - 1 9 9 8 : 4 .  The ma in  idea  

is t ha t  e c o n o m i c  m o d e l s  l i n k i n g  the e x c h a n g e  ra t e  to its 

m a c r o e c o n o m i c  f u n d a m e n t a l s  do not  t ake  i n to  a c c o u n t  t ha t  the  pa th  

to r e a ch  the l o n g - r u n  e q u i l i b r i u m  may  h a ve  a n o n - l i n e a r  t r a j e c t o r y .  

F i r s t l y  t hey  i d e n t i f i e d  s t r ong  e v i d e n c e  o f  l i nks  b e t w e e n  the 

q u a r t e r l y  e x c h a n g e  ra t e  n o n - l i n e a r i t y  and  n o n - l i n e a r  m o v e m e n t s  o f  

r e l a t i v e  p r i c e s 7. Se c o n d l y ,  t hey  a l so  found  tha t  s t a n d a r d  u n i v a r i a t e  

t e s t s  o f  me an  r e v e r s i o n s  have  ve r y  low p o w e r  to d e t e c t  n o n - l i n e a r  

me an  r e v e r s i o n s  w h i c h  ma kes  d i f f i c u l t  to r e j e c t  the  nul l  h y p o t h e s i s

7 This finding supports Rogoff (1996) concerning the very low speed of adjustment of real exchange rates.
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o f  l i n ea r  un i t  roo t s  in r ea l  e x c h a n g e  r a t e  b e h a v i o u r .  Thus ,  the  use o f  

an e c o n o m e t r i c  a p p r o a c h  t ha t  a l l ows  for  E S T A R  d y n a m i c s  may  

i m p r o v e  s i g n i f i c a n t l y  the  l o n g - r u n  p r e d i c t a b i l i t y .

The  r e su l t s  r e v e a l e d  t ha t  the  E S T A R  m o d e l  bea t  the 

r a n d o m  wa lk  f o r e c as t s  for  s ix out  o f  s e v en  c o u n t r i e s  in the  s ampl e  

at l ong  h o r i z o n s .  He nce ,  t hey  c o n c l u d e d  tha t  the  p r e s e n c e  o f  E S T A R  

d y n a m i c s  in the  d i s e q u i l i b r i u m  p r o c e s s  f a c i l i t a t e s  the  s u c c e s s  o f  the  

r a n d o m  w a l k  m o de l  in f o r e c a s t i n g  e x c h a n g e  r a t e s .  H o w e v e r ,  such  

s u c c e s s  has  mo r e  to do wi th  n o n - l i n e a r  d y n a m i c s  t ha n  b e in g  a 

s u i t a b l e  e x p l a n a t i o n  o f  e x c h a n g e  ra t e  b e h a v i o u r .  Al so ,  as f o r mal  

s t a t i s t i c a l  t e s t s  for  r a n d o m  wa l k  m o d e l s  have  low p o w e r ,  the  s amp l e  

w o u l d  have  to i n c l u d e  l a rge  f u n d a m e n t a l s  s ho ck s  to d e t e c t  the 

p r e s e n c e  o f  n o n - l i n e a r  me an  r e v e r s i o n s 8. Th i s  a l so  e x p l a i n s  wh y  it is 

so d i f f i c u l t  to bea t  a s imp l e  r a n d o m wa l k  mode l  in e m p i r i c a l  

s t ud i e s .  H o w e v e r ,  at l ong  h o r i z o n s  w he n  l a rg e r  d e p a r t u r e s  f rom 

f u n d a m e n t a l s  t ake  p l a ce ,  p a r t i c u l a r l y  in h y p e r i n f l a t i o n  p e r i o d s  for  

i n s t a n c e ,  the  e x c h a n g e  r a t e  s eems  to b e h a v e  a c c o r d i n g  to e c o n o m i c  

t h e o r y 9.

Mar k  and Sul  (2001)  e x a m i n e  the l o n g - r u n  r e l a t i o n s h i p  

b e t w e e n  the n o mi n a l  e x c h a n g e  r a t e  and m o n e t a r y  f u n d a m e n t a l s  in 

q u a r t e r l y  p an e l  da ta  f r om 1973:1 to 1997:1 for  n i n e t e e n  c ou n t r i e s .  

S i m i l a r l y  to R a p a c h  and W o h a r  ( 2004) ,  Mar k  and  Sul  a l so  used  the 

t r a d i t i o n a l  m o n e t a r y  a p p r o a c h  to the  e x c h a n g e  r a t e  in a p a n e l  da ta  

c on t ex t .  The  s tudy  a i me d ,  f i r s t l y ,  at i n v e s t i g a t i n g  s lope  c o e f f i c i e n t  

e s t i m a t e s  in r e g r e s s i o n s  o f  fu t u r e  e x c h a n g e  ra t e  c h an g e s  on 

m o n e t a r y  f u n d a m e n t a l s .  S e c o n d l y ,  it a l so  a i me d  at e x a m i n i n g  the 

p r e d i c t i o n  a c c u r a c y  o f  f u n d a m e n t a l s - b a s e d  r e g r e s s i o n s  o v e r  the  

r a n d o m  wa l k  m o de l  in o u t - o f - s a m p l e  f o r e c a s t i n g .  One  o f  the

8 See also Rogoff( 1999).
9 Note that Bleaney and Mizen (1996) also concluded that random walk models are rejected against cubic 
form models and that the rate of mean-reversion for real exchange rates increases with distance from 
equilibrium.
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h y p o t h e s e s  was  t ha t  t he r e  is a t e n d e n c y  for  r e g r e s s i o n  s lope  

c o e f f i c i e n t s  and R 2 to i n c r e a s e  in m a g n i t u d e  as the  p r e d i c t i o n  

h o r i z o n  is e x t e n d e d .  F u r t h e r m o r e ,  o u t - o f - s a m p l e  f o r e c a s t  a c c u r a c y  

o f  m o n e t a r y  f u n d a m e n t a l s  a l so  t ends  to i m p r o v e  wi th  p r e d i c t i o n  

h o r i z o n .

In o r d e r  to c i r c u m v e n t  t he se  two d i f f i c u l t i e s ,  Mar k  and 

Sul  e x p lo r e d  c r o s s - s e c t i o n a l  and t i m e - s e r i e s  p r o p e r t i e s  in a pane l  

da t a  set  and i m p o s e d  m o d e s t  h o m o g e n e i t y  r e s t r i c t i o n s  ac r os s  

c o un t r i e s .  By us ing  p a n e l - b a s e d  t e s t s  o f  c o i n t e g r a t i o n  t hey  f oc us ed ,  

f i r s t ,  on w h e t h e r  n o m i n a l  e x c h a n ge  ra t e s  were  c o i n t e g r a t e d  wi th  

m o n e t a r y  f u n d a m e n t a l s  o f  a l o n g - h o r i z o n  r e g r e s s i o n .  In fac t ,  the 

t e s t  p r o c e d u r e  c o n s i s t e d  o f  t e s t i n g  for  w h e t h e r  the  s l op e  c o e f f i c i e n t  

is zero .  It is e q u i v a l e n t  to a t e s t  o f  the  nul l  h y p o t h e s i s  o f  no 

c o i n t e g r a t i o n  b e t w e e n  the e x c h a n g e  ra t e  and the f u n d a m e n t a l s ,  but  

e x t e n d e d  to the  case  o f  a pane l  da t a  mode l .

The  e c o n o m e t r i c  mode l  f o c us e d  on p a ne l  e s t i m a t i o n  of  

the  s h o r t - h o r i z o n  p r e d i c t i v e  r e g r e s s i o n  wh o se  r e p r e s e n t a t i o n  is as 

f o l l ows :
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As/,+i -  Pxu + eu+i ( 2 . 1 . 11)

and,

eit+\ -  Yi + 0t+1 + uu ( 2 . 1 . 12)

wh e re  i n d ex es  the  c oun t r y ;  xu and Su d e n o t e  the  d e v i a t i o n  o f  the  

e x c h a n g e  ra t e  f rom i ts  f u n d a m e n t a l  v a l ue  and the e x c h a n g e  ra t e  o f  

the  c o un t r y  r e s p e c t i v e l y .  The  r e g r e s s i o n  e r ro r  <?,7+1 is an

u n o b s e r v e d  c o m p o n e n t ,  y i is an i n d i v i d u a l - s p e c i f i c  e f f ec t ,  0, is a 

t i m e - s p e c i f i c  e f f e c t  and is s u p p o s e d  to be wh i t e  no i se .
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The  r e s u l t s  found  by Mar k  and Sul ,  u s i ng  as a n u m e r a i r e  

t h re e  d i f f e r e n t  c u r r e n c i e s ,  d e m o n s t r a t e d  t ha t  the  a s y m p t o t i c  t e s t s  

e a s i l y  r e j e c t e d  the  nul l  h y p o t h e s i s  o f  no c o i n t e g r a t i o n  b e t w e e n  the 

e x c h a n g e  ra t e  and the m o n e t a r y  f u n d a m e n t a l s  at the  5% l eve l ,  

p r o v i d i n g  a r o b u s t  r e s u l t  for  the  t h r e e  n u m e r a i r e  c u r r e n c i e s  

i n v e s t i g a t e d .  R e l a t i v e l y  to the  case  o f  o u t - o f - s a m p l e  f o r e c a s t i n g  the  

a n a l y s i s  d e m o n s t r a t e d  t ha t  the  c o e f f i c i e n t  on the  m o n e t a r y  

f u n d a m e n t a l s  was  s t a t i s t i c a l l y  s i g n i f i c a n t  and d o m i n a t e d  the  ou t - o f -  

s a m p l e  f o r e c a s t i n g  o f  a s imp l e  r a n d o m  w a l k  mo d e l .  Th i s  r e su l t  

r e f u t e s  M ee se  and R o g o f f  (1983) .

G r o e n  ( 2 0 00 )  e s t i m a t e d  a pa ne l  v e r s i o n  o f  a s i mp l e  

m o n e t a r y  m o d e l  o f  the  e xch a ng e  ra t e .  The  da t a  set  c o n s i s t e d  of  

q u a r t e r l y  da t a  c o v e r i n g  the  p e r i o d  1 9 7 3 : 1 - 1 9 9 4 - 4  for  f o u r t e e n  

b i l a t e r a l  e x c h a n g e  r a t e s  t ak i ng  as a b e n c h m a r k  bo t h  the  US do l l a r  

and the  D e u t s c h m a r k .  B a s i c a l l y ,  th i s  s t ud y  d i f f e r s  f r om Ma r k  and 

Sul  (2 00 1 )  by u s ing  two d i f f e r e n t  c u r r e n c y  r e f e r e n c e s  in o r d e r  to 

e l i m i n a t e  i n f l u e n c e s  o f  US d o l l a r  i n s t a b i l i t i e s .  The  D e u t s c h m a r k  

was  s u p p o s e d  to be mo r e  s t ab l e .  F u r t h e r m o r e ,  G ro e n  d i v i d e d  the 

s a m p l e  into t h r e e  d i f f e r e n t  g r oups .  The f i r s t  g r o u p  was  m ad e  up of  

E u r o p e a n  M o n e t a r y  S y s t e m - E M S  m e m b e r s ,  the  s e c on d  one  o f  G7 

m e m b e r s  and the  t h i r d  one  o f  G10  me mb e r s .

The  e m p i r i c a l  l o n g - r u n  m o d e l  for  b i l a t e r a l  e x c h a n g e  

ra t e s  is the  c l a s s i ca l  m o n e t a r y  m o d e l  as fo l l ows :

et ~ c  + [ m , -  m,)~  (l -  £>)(y, “  T,) + G>\_Et(et+1) ~e,] + C, ( 2 .1 . 1 3 )

Ci -  cot + v, ~ v,
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e, ~ P q + P\(m, ~ m ] ) - P 2[ y t ~ yi) + u, ( 2 . 1. 14 )

w he r e  m,, mt and y t , y] c o r r e s p o n d  to the  l o g a r i t h m s  o f  the 

d o m e s t i c  and i n t e r n a t i o n a l  m o n e y  s upp l y ,  d o m e s t i c  and i n t e r n a t i o n a l  

r ea l  i nc om e ,  r e s p e c t i v e l y ,  e, is the  l o g a r i t h m  o f  t he  n o m i n a l

e x c h a n g e  r a t e ,  and Vt, v* are wh i t e  n o i s e  p r o c e s s e s .  The  c o e f f i c i e n t s  

in ( 2 . 1 . 1 4 )  we r e  e x p e c t e d  to be /?, = 1 and J32< 0.

The  pa ne l  un i t  roo t  t e s t  on the  r e s i d u a l s  o f  the  pane l  

r e g r e s s i o n s  f o l l o w e d  the m e t h o d  s u g g e s t e d  by Le v i n  and Lin (2002) .  

The  t es t  for  pa ne l  c o i n t e g r a t i o n  c o n s i s t e d  o f  a t w o - s t e p  p r o c e d u r e  

on the pa ne l  da ta  set .  For  the  f i r s t  s t ep,  the  r e s i d u a l s  were  e s t i m a t e d  

by u s in g  the e q u a t i o n  ( 2 . 1 .1 4 )  wi th  s e a s o n a l  d u m m y  v a r i a b l e s  

i n c l u d ed .  The  s e c on d  s t ep  c o n s i s t e d  o f  a p p l y i n g  a s p e c i f i c  v e r s i on  

o f  the  A u g m e n t e d  D i c k e y - F u l l e r  t e s t  for  pa ne l  da ta .

A s i g n i f i c a n t  c o n t e m p o r a n e o u s  e r r o r  c o r r e l a t i o n  in the 

e x c h a n g e  ra t e  a c r os s  c o u n t r i e s  was  o b s e r v e d  in the  e r ro r  m a t r i x  

Thus ,  the  f e a s i b l e  g e n e r a l i s e d  l eas t  s qu a r es  e s t i m a t o r  ( FGL S)  was  

e m p l o y e d  in o rd e r  to r e m o v e  the c r o s s - s e c t i o n a l  d e p e n d e n c e  and 

a l so  the  c r o s s - s e c t i o n a l  h e t e r o s k e s t i c i t y  in the  Sit ’ s . Th i s  p r o c e d u r e  

a i me d  at r e c o v e r i n g  a s y m p t o t i c a l l y  n o r m a l  p r o p e r t i e s  for  the  t- 

r a t i os .  No t e  t ha t  in c o n t r a s t  to Mar k  and Sul  ( 2 00 1 )  who used  the 

pa ne l  d y n a mi c  OLS e s t i ma to r ,  G ro e n  (2 0 0 0)  used  FGLS.

The  t es t s  b a s e d  on a pane l  da ta  f r a m e w o r k  and a pp l i e d  

s o l e l y  to EMS c o u n t r i e s  s u p p o r t e d  c o i n t e g r a t i o n  on l y  wh e n  the 

D e u t s c h m a r k  was  used  as a b e n c h m a r k .  For  G7 b i l a t e r a l  e x c h a n ge  

ra t e  c o u n t r i e s  c o n s i s t i n g  o f  the  USA,  C an a da ,  F r an c e ,  G e r ma n y ,  

I t a ly ,  J a p a n  and the UK,  the nul l  h y p o t h e s i s  o f  n o - c o i n t e g r a t i o n
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co u ld  no t  be r e j e c t e d .  N o n e t h e l e s s ,  whe n  c o n s i d e r i n g  the  o t he r  two 

g r o u p s ,  the  G10 g r oup  c o n s i s t i n g  o f  G7 p l us  S w i t z e r l a n d ,  Sweden ,  

N e t h e r l a n d s ,  and G10 p lus  four  c o un t r i e s ,  r e s p e c t i v e l y ,  the  p r e s e n c e  

o f  c o i n t e g r a t i o n  was  d e t e c t e d  for  bo th  US and DM b e n c h m a r k s .

In a n o t h e r  r e l a t ed  s tudy ,  Lane  (1 9 9 9)  t e s t ed  the  n om i na l  

e x c h a n g e  ra t e  a ga in s t  the  US d o l l a r  on the  l o n g - r u n  i n f l a t i o n  

d i f f e r e n t i a l  and the l o n g - r u n  c h an g e s  in the  r ea l  e x c h a n g e  ra t e .  The  

s tudy  a n a l y s e d  the b e h a v i o u r  o f  the  e x c h a n g e  r a t e  in c o u n t r i e s  t ha t  

e x p e r i e n c e d  a v e r a g e  annua l  d e p r e c i a t i o n  ra t e s  in exces s  o f  30 per  

cen t ,  c o u n t r i e s  t ha t  d e m o n s t r a t e d  a p p r e c i a t i o n s  a g a i n s t  the  US 

d o l l a r  and t h i r t y - o n e  c o u n t r i e s  t ha t  did not  have  a u t o n o m y  ove r  

m o n e t a r y  or  e x c h a n g e  ra te  p o l i c y  for  the  p e r i o d  197 4 - 1 99 2 .  In 

e s s e n ce ,  th i s  i n v e s t i g a t i o n  e x a m i n e d  the  l o n g - r u n  d e t e r m i n a n t s  o f  

the  n o m i n a l  e x c h a n g e  r a t e  b a s e d  on c ros s  s e c t i o n  data .

D i f f e r e n t l y  f rom the a f o r e m e n t i o n e d  s t u d i e s ,  Lane  used  

an a l t e r n a t i v e  mode l  o f  PPP ( P u r c h a s i n g  P o w e r  Pa r i t y )  to mode l  the  

l o n g - r u n  m o v e m e n t s  o f  the  e x c h a n g e  ra t e  as d e p e n d i n g  on the  long-  

run i n f l a t i o n  d i f f e r e n t i a l  and the  l o n g - r u n  c h an g e  in the  real  

e x c h a n g e  ra t e .  The  a p p r o a c h  f o l l o we d  the r e ce n t  l i t e r a t u r e  wh i ch  

has  m o d e l l e d  l o n g - r u n  i n f l a t i o n  us ing  a B a r r o - G o r d o n  s ty le  m o d e l 10 11. 

The  use o f  the  l o n g - r u n  real  e x c h a n ge  r a t e  as a p r e d i c t o r  o f  l o n g - r u n  

m o v e m e n t s  in n om i na l  e x c h a n g e  r a t e s  a l l ows  the  a n a l y s i s  o f  

a d d i t i o n a l  e f f ec t s  f rom p r o d u c t i v i t y  ga i n s  and c h a n g e s  in the  t e rms  

o f  t r ade .  P a r t i c u l a r l y ,  it is c l o s e l y  r e l a t e d  to B a l a s s a - S a m u e l s o n  

e f f e c t s 1'.
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10 Barro-Gordon modelling for long-run inflation is linked to variables such as trade openness, country 
size, central bank independence, political stability and others.
11 In essence, Balassa-Samuelson effect assumes productivity gains as determinant for real exchange rate 
movements [see Faria and Leon-Ledesma (2003)].
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The  b as i c  e m p i r i c a l  mode l  was  d e c o m p o s e d  in to  two 

pa r t s :  the  l o n g - r u n  i n f l a t i o n  d i f f e r e n t i a l  and  the  l o n g - r u n  c h an g e  in 

the  rea l  e x c h a n g e  ra t e  as fo l l ows :

71 i 71 i
I A

71 +  71 i ( 2 . 1 . 1 5 )

wh e re  is the  r a t e  o f  n o m i n a l  e x c h a n g e  r a t e  d e p r e c i a t i o n ,  Ui is the  

r a t e  o f  i n f l a t i o n  in c o u n t r y  “ z” , n  is the  i n f l a t i o n  r a t e  o f  the 

b e n c h m a r k  c o u n t r y  and n f  is the  r a t e  o f  real  e x c h a n g e  ra te  

d e p r e c i a t i o n .

The  e x p r e s s i o n  ( 2 . 1 . 1 6 )  s u m m a r i s e s  the  h y p o t h e s e s  

t e s t e d  by Lane:

e _ e( TTi * \
71 i 7Ï \Z i  ) § 7 1  ? 7Ï ? §  ) ( 2 . 1 . 1 6 )

w he r e  z, ma y  d e n o t e  t r ade  o p e n n e s s ,  s i ze  o f  c o u n t r y  and the  

de gr e e  o f  c en t r a l  b a n k  i n d e p e n d e n c e ,  g t and g* are  the  h o me  and

fo re i g n  o u t p u t  g r o w th  r a t e s ,  r e s p e c t i v e l y ,  and ^ TTl is the  g r o w th  

ra t e  o f  the t e r ms  o f  t r ade .

The  e mp i r i c a l  r e s u l t s  p o i n t e d  out  t ha t  bo t h  i n f l a t i o n  and 

the  real  e x c h a n g e  r a t e  were  s i g n i f i c a n t  d e t e r m i n a n t s  o f  the  r a t e  o f  

g r o w th  o f  the  n o m i n a l  e x c h a n g e  ra te .  O p e n n e s s  o f  the  e c o n o m y  was  

f o un d  to be s i g n i f i c a n t  in e x p l a i n i n g  the  r a t e  o f  n o mi n a l  

d e p r e c i a t i o n .  The  e v i d e n c e  for  c en t r a l  b a nk  i n d e p e n d e n c e ,  c ou n t r y  

s ize ,  p o l i t i c a l  s t ab i l i t y ,  and pas t  i n f l a t i o n  was  w e ak e r .  A l t h o u g h  the 

o u t p u t  g r o w th  ra te  was  i m p o r t a n t  in d e t e r m i n i n g  the l o n g - r u n
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n o m i n a l  e x c h a n g e  ra t e  m o v e m e n t s ,  the t e r ms  o f  t r a de  did no t  have  a 

s i m i l a r  i m p o r t a n c e .

F l oo d  and Rose  ( 1 9 95 )  a l so i n v e s t i g a t e d  the  a b i l i t y  o f  a 

m o n e t a r y  m o d e l  in e x p l a i n i n g  e x c h a n g e  r a t e  v o l a t i l i t y .  The  

e m p i r i c a l  mode l  f o c us e d  on b i l a t e r a l  US d o l l a r  e x c h a n g e  r a t e s  f rom 

1960 t h r o u g h  1991 for  OECD c o u n t r i e s .  N e v e r t h e l e s s ,  the  cen t r a l  

o b j e c t i v e  was  to m ak e  a c o m p a r i s o n  b e t w e e n  e x c h a n g e  ra t e  

v o l a t i l i t y  and  t he i r  f u n d a m e n t a l s  in r e g i m e s  o f  f i xed  and f l o a t i ng  

r a t e s .  It was  e x p e c t e d  t ha t  m a c r o e c o n o m i c  f u n d a m e n t a l s  p r e s e n t e d  

h i g h e r  v o l a t i l i t y  in f i xed  e x c h a n g e  r a t e  r e g i m e s  t han  in f l oa t i ng  

r e g im e s .  The  s t udy  was  b a s ed  on s imp le  r e g r e s s i o n  e q u a t i o n s  o f  

f l e x i b l e  p r i ce  and s t i ck y  p r i ce  r eg i me s .  Th i s  is an i m p o r t a n t  

d i f f e r e n c e  c o m p a r e d  to the  e a r l i e r  i n v e s t i g a t i o n s  in tha t  the  p r i ce  

r e g i m e  is a l so  a s s u m e d  to be r e l e v a n t  in e x p l a i n i n g  the  t r ade  o f f  

b e t w e e n  m a c r o e c o n o m i c  f u n d a m e n t a l s  and  e x c h a n g e  ra t e  v o l a t i l i t y .

The  s t a r t i n g  p o i n t  was  to c o n t e s t  e m p i r i c a l l y  the 

t r a d i t i o n a l  b e l i e f  t ha t  e x c h a n ge  ra t e  s t a b i l i s a t i o n s  cou l d  on l y  be 

r e a c h e d  at the  e x pe ns e  o f  mo r e  v o l a t i l i t y  in o t h e r  m a c r o e c o n o m i c  

v a r i a b l e s .  The  v o l a t i l i t y  o f  v a r i a b l e s  such  as the  m o n e y  s u p p l y  and 

o u tp u t ,  for  e x a m p l e ,  d id  not  a pp ea r  to be s i g n i f i c a n t l y  d i f f e r e n t  

d u r i n g  r e g i m e s  o f  f i xed  and f l o a t i n g  e x c h a n g e  r a t e s .  C o u n t r i e s  t ha t  

c hose  not  to m a n ag e  t h e i r  e x c h a n g e  ra t e s  by a l l o w i n g  a p e r s i s t e n t  

v o l a t i l i t y  c ou l d  i n t e r v e n e  in t he i r  f o re i g n  e x c h a n g e  m a r k e t s  w i t h o u t  

h a v i n g  the v o l a t i l i t y  t r a n s f e r r e d  in to  a n o t h e r  m a c r o e c o n o m i c  

v a r i a b l e .

The  s t r a t eg y  c o n s i s t e d  o f  u s ing  two d i f f e r e n t  mo d e l s :  the 

f i r s t  m o de l  was  a t r a d i t i o n a l  m o n e t a r y  f r a m e w o r k  wh i ch  c o n s i s t e d  of  

a s t ru c t u r a l  mode l  c o n s t r u c t e d  in a f l e x i b l e - p r i c e  c on t ex t ;  the 

s ec o nd  one is a mo r e  c o m p l e x  mode l  w h i c h  was  d e f i n e d  in a s t i cky-
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p r i ce  c on tex t .  The  f l e x i b l e - p r i c e  mode l  and the  s t i c k y - p r i c e  mode l  

are  d e f in e d  as in ( 2 . 1 . 17 )  and in ( 2 . 1 .1 8 ) ,  r e s p e c t i v e l y :

e, = ( m - m ) - p ( y - y ) + a ( i - C ) - ( e - e ) - v ,  ( 2 . 1 . 17 )

and,

e, P { y - y ) + a ( i - i * ) - ( s - £ * ) t - y er  -  % 2 E,{r,+\ ~ r )Or, / 0 2

-  6~'E, (eM ~ e )  + -  p, ) ( 2 . 1 . 1 8 )

In the  f l e x i b l e - p r i c e  mode l  e, , ( y - y ) ,

and d e n o t e  the  e x c h a n g e  ra t e ,  h o me  and f o r e i gn  i n t e r e s t  r a t e

d i f f e r e n t i a l ,  h o me  and fo r e i gn  m o n e y  s u pp l y  d i f f e r e n t i a l ,  h o me  and 

fo r e i g n  i n c om e  l evel  d i f f e r e n t i a l  and the  l as t  t e rm is the  m o n e t a r y  

shock .  In the  s t i cky  p r i ce  mode l ,  the  v a r i a b l e  r, = i ,~  E , ( p l+i- p , )  is the

e x- an t e  real  i n t e r e s t  ra t e .  The  t erm ~9~'E, (e/+i e, in

( 2 . 1 . 1 8 )  c o n s t i t u t e s  a c en t r a l  p o i n t  o f  the  s t i c k y - p r i c e  f r a m e w o r k  as 

it d e no t e s  r e j e c t i o n  o f  the  c l a s s i ca l  a s s u m p t i o n  o f  c o n t i n u o u s  

p u r c h a s i n g  p o w e r  p a r i t y  c o n d i t i o n s  i m p l i c i t  in t r a d i t i o n a l  m o n e t a r y  

m o d e l s  wi th  f l e x i b l e  p r i ce s .

The  c o n c l u s i o n  was  t ha t  few m a c r o e c o n o m i c  v a r i a b l e s  

for  O EC D c o u n t r i e s  e x p e r i e n c e d  s i g n i f i c a n t  c h a n g e s  in v o l a t i l i t y  

wh i c h  c o i n c i d e d  wi th  d i f f e r e n c e s  in e x c h a n g e  r a t e  r eg i me s .  

A l t h o u g h  the e x c h a n g e  ra t e  v o l a t i l i t y  s h o w e d  a c o n s i d e r a b l e  c han g e  

in d i f f e r e n t  r e g i m e s ,  it was  not  o b s e r v e d  t ha t  such  b e h a v i o u r  was 

f o l l o w e d  by o t h e r  m a c r o e c o n o m i c  v a r i a b l e s .  H e n ce ,  two i m p o r t a n t  

c o n c l u s i o n s  were  d r awn  f rom thi s  i n v e s t i g a t i o n :  ( 1) non  o b s e r v a n c e
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o f  any  s t r ong  t r ade  o f f  b e t w e e n  e x c h a n g e  r a t e  v o l a t i l i t y  and the 

v o l a t i l i t y  o f  a v a r i e t y  o f  d i f f e r e n t  m a c r o e c o n o m i c  v a r i a b l e s ;  ( 2 ) as a 

r e s u l t  o f  ( 1), l i t t l e  e v i d e n c e  on th i s  t r ade  o f f  was  found ,  and thus  to 

r e d u c e  e x c h a n g e  r a t e  v o l a t i l i t y  does  not  i m p l y  t r a n s f e r r i n g  

i n s t a b i l i t y  in to  o t he r  m a c r o e c o n o m i c  v a r i a b l e s .

In s u m ma r y ,  the  r e s u l t s  p r e s e n t e d  in th i s  s amp l e  o f  

r e c e n t  p ap e r s ,  b a s e d  on the c l a s s i ca l  m o n e t a r y  m o d e l  o f  the 

e x c h a n g e  r a t e ,  a d d re s s  i m p o r t a n t  q u e s t i o n s  o f  d i f f e r e n c e s  in 

e s t i m a t o r s ,  r e f e r e n c e  c u r r e nc y ,  p r i c i n g  r e g i m e s  and n o n - l i n e a r  

b e h a v i o u r .  N e v e r t h e l e s s ,  the  d i f f e r e n t  c o n c l u s i o n s  keep  the  de ba t e  

v e ry  mu ch  a l i ve ,  and o pen  to new c o n t r i b u t i o n s .  For  i n s t a n c e ,  one 

can o b s e r v e  t ha t  a c o m m o n  t h eme  is the  a n a l y s i s  o f  i n d u s t r i a l i s e d  

c o u n t r i e s  tha t ,  in ge ne r a l ,  are  c h a r a c t e r i s e d  by  s t ab l e  e c o n o m i c  

f u n d a m e n t a l s  and w e ak  h e t e r o g e n e i t y .  M o n e t a r y  m o d e l s  are 

s u p p o s e d  to o f f e r  b e t t e r  p e r f o r m a n c e  in e n v i r o n m e n t s  o f  e c o n o m i c  

i n s t a b i l i t y .  C h a p t e r  III  o f  t h i s  t he s i s  wi l l  c o n s i d e r  a s t a n d a rd  

m o n e t a r y  m o d e l  o f  the  e x c h a n g e  r a t e ,  bu t  it e s s e n t i a l l y  a ims  at 

c a p t u r i n g  h e t e r o g e n e o u s  and h o m o g e n e o u s  e f f e c t s  a c r o s s  c o u n t r i e s  

u s ing  a pa ne l  da ta  a n a l y s i s  o f  i n d u s t r i a l i s e d  and e m e r g i n g  e c o n o m y  

c o u n t r i e s  wi t h  d i s t i n c t  e c o n o m i c  f ea t u r e s .

2.2 - E f f e c t s  o f  R a t i o n a l  S p e c u l a t i v e  B u b b l e s  on E x c h a n g e  Rates

The  c o n c e p t  o f  a s p e c u l a t i v e  b u b b l e  is o f t en  used  to 

e xp l a i n  the  r e a s o n  wh y  a s se t  p r i c e s  a p p e a r  to t ake  long  sh i f t s  away  

f rom t he i r  “ f u n d a m e n t a l ” va lue s .  The  e x i s t e n c e  o f  s p e c u l a t i v e  

b u b b l e s  in f i na nc i a l  m a r k e t s  has  been  a f r eq u e n t  t op i c  o f  deba t e .  In 

p a r t i c u l a r ,  b u b b l e s  in the  f o r e i g n  e x c h a n g e  m a r k e t  are  r e l a t ed  

r e m a r k a b l y  to s u b s t a n t i a l  e x c h a n g e  ra t e  v o l a t i l i t y  no t  f o l l o w e d  by 

s i m i l a r  b e h a v i o u r  in f u n d a m e n t a l s .  Thi s  e c o n o m i c  p h e n o m e n o n  has
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b e e n  an i m p o r t a n t  c h a r a c t e r i s t i c  o f  f l o a t i n g  e x c h a n g e  r a t e  r e g i me s  

o b s e r v e d  in the  pas t  t h i r t y  year s .

The  l i t e r a t u r e  p o s t u l a t e s  tha t ,  on the  b a s i s  o f  the  

h y p o t h e s i s  o f  e f f i c i e n t  m a rk e t s ,  an a s s e t  s ho u l d  be p r i c e d  a c c o r d i n g  

to its m a r k e t  f u n d a m e n t a l s .  H o w ev e r ,  d e v i a t i o n s  o f  an a s s e t  p r i c e  

f rom the v a l ue  d i c t a t e d  by i t s  m a r k e t  f u n d a m e n t a l s  ma y  a l so  be 

i n t e r p r e t e d  as e v i d e n c e  o f  r a t i o n a l i t y .  A c t u a l l y ,  the  e x i s t e n c e  o f  a 

s t o c h a s t i c  p r o c e s s  and the  a d o p t i o n  o f  r a t i o n a l  e x p e c t a t i o n s  he lp  to 

c l a r i f y  c o n s i d e r a b l y  the  n a t u r e  o f  a r a t i o n a l  b u b b le .  The c o n c e p t  o f  

a r a t i o n a l  b u b b l e  is a s s o c i a t e d  wi th  a w e l l - d e f i n e d  s t o c h a s t i c  

p r o c es s .  H e n ce ,  r a t i o n a l i t y  i n h e r e n t  in th i s  s t o c h a s t i c  p r o c e s s  

g e n e r a t e s  s e l f - f u l f i l l i n g  b e h a v i o u r  a mo n g  m a r k e t  p a r t i c i p a n t s  t ha t  

i n f l u e n c e s  a s s e t  p r i ce s .  In fac t ,  the  s e l f - f u l f i l l i n g  b e h a v i o u r  is 

u s u a l l y  i n i t i a t e d  f rom e x t r a n e o u s  even t s  to the  m a r k e t  w h i c h  may  

a s s u me  a s p e c u l a t i v e  fo rm and l eads  to a r a t i o n a l  b u b b l e  t r a j e c t o r y .  

The  i n c r e a s i n g  f r e q u e n c y  o f  th i s  s ce na r i o  has  led the  a c a d e m i c  

c o m m u n i t y  to focus  s i g n i f i c a n t  a t t e n t i o n  on the p r o b l e m.

S t ud i e s  on e x c h a n ge  ra t e  b u b b l e s  have  p r o d u c e d  m i xe d  

r e su l t s .  For  e x a m p l e ,  Wes t  (1987)  a pp l i e s  a v o l a t i l i t y  t e s t  to f o re i g n  

e x c h a n g e  m a r k e t s  and f inds  no b u b b l e s .  He a t t r i b u t e s  on l y  p a r t i a l l y  

e x c h a n g e  r a t e  v a r i a b i l i t y  to m o n e t a r y  s h oc ks  and d e v i a t i o n s  f rom 

the p u r c h a s i n g  p o w e r  p a r i t y  c o n d i t i o n .  M ee se  ( 1 98 6 ) ,  h o w e v e r ,  

r e p o r t s  e v i d e n c e  o f  b u b b l e s  for  D o l l a r / D e u t s c h m a r k  and 

D o l l a r / S t e r l i n g  e x c h a n g e  r a t e s .  A l t h o u g h  the i n v e s t i g a t i o n  o f  

b u b b l e s  i n v o l v e s  b r o a d e r  sets  o f  m o d e l s ,  t he  f l e x i b l e - p r i c e  m o n e t a r y  

a p p r o a c h  once  aga i n  o f f e r s  a c o n v e n i e n t  f r a m e w o r k  to d e r i ve  a 

s p e c u l a t i v e  b u b b l e  due  to the  e mp h a s i s  p l a c e d  on the ro l e  o f  the 

e x p e c t e d  e x c h a n g e  ra te .

The  e q u i l i b r i u m  e x c h a n g e  ra t e  a r i s i n g  f rom (2 . 1 . 8 )  is the  

s o lu t i o n  o f  a f i r s t  o r d e r  d i f f e r e n c e  e q u a t i o n  in e x p e c t a i t o n s  t ha t
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a dm i t s  one p a r t i c u l a r  s o lu t i o n  (2 . 1 . 9 )  and  al so an i n f i n i t e  n u m b e r  o f  

s o l u t i o n s  as fo l l ows :

s, -  s" + b, (2 .2.1)

w he r e  s" and bt are  the  n o n - b u b b l e  s o l u t i o n  ( g i ve n  on ly  by 

e x p e c t a t i o n s  o f  e c o n o m i c  f u n d a m e n t a l s )  and  the  s p e c u l a t i v e  b u b b l e  

s o l u t i o n ,  r e s p e c t i v e l y .  E s s e n t i a l l y ,  on l y  one  s o l u t i o n  c o r r e s p o n d s  to 

the  f u n d a m e n t a l s  s o lu t i o n  and  the  r e s t  may  be c o n s i d e r e d  b u b b l e  

s o l u t i o n s .  The  s p e c u l a t i v e  b u b b l e  t e rm ( bt ) d e t e r m i n e s  the  n o n 

f u n d a m e n t a l s  s o l u t i o n  to the  e x c h a n ge  r a t e  i f  i n v e s t o r  b e l i e f s  r e ly  

on it. For  (2 . 2 . 1 )  to be a s o lu t i o n  o f  (2 . 1 . 8 )  bt m u s t  fo l l ow:

b , -  P Et b<+i (2 .2 .2)

T a k i n g  e x p e c t a t i o n s  o f  (2 . 2 . 1 )  and a s s u m i n g  (2 . 2 . 2 )

r e s u l t s  in:

Et St+i -  E, s"+i + P 'b, (2.2.3)

S i nce  p  is a s s u m e d  to be l ess  t han  one ,  f rom (2 . 2 . 3 )  the 

e x p e c t e d  va lue  o f  b, ( E,b,+i) wi l l  e x p l od e  as i a p p r o a c h e s  i n f i n i t y  

( to + c o  for  b > 0 and to - o o  for  b<0).  C o n s i d e r i n g  tha t  the  e xc ha n ge  

ra t e  is a r e l a t i v e  p r i c e ,  and the r e  is no t  any e c o n o m i c  s ense  in 

h a v i n g  a n e g a t i v e  p r i ce ,  b is a l way s  a s s u m e d  to be g r e a t e r  than  zero 

(see  H a i l w o o d  and M a c D o n a l d ,  1994) .  Th i s  i mp l i e s  t ha t  the
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e x c h a n g e  r a t e  wi l l  va r y  by  an a m o u n t  equa l  to fib even  when  

e c o n o m i c  f u n d a m e n t a l s  “ z ” in (2 . 1 . 9 )  r e m a i n  u n c h a n g e d 12.

N o n e t h e l e s s ,  the  p r e s e n c e  o f  a b u b b l e  d r i v i n g  a 

s t o c h a s t i c  e x c h a n g e  r a t e  p r o c e s s  only  m a k es  s ens e  i f  a s u i t a b l e  and 

p r e c i s e  m a r k e t  f u n d a m e n t a l s  mode l  is used .  An i n a p p r o p r i a t e  

d e f i n i t i o n  o f  m a r k e t  f u n d a m e n t a l s  ma y  l ead  to a m i s l e a d i n g  

c o n c l u s i o n  abou t  the  b u b b l e  h y p o t h e s i s .  One  mi gh t  i n c u r  l a rge  

m i s t a k e s  by c o n c l u d i n g  in f av ou r  o f  a b u b b l e  p r o c e s s  w he n  the r e  is 

a c t u a l l y  a s p e c i f i c a t i o n  e r r o r  i n f l u e n c i n g  the r e su l t s .  W i t h o u t  a 

c l ea r  d e f i n i t i o n  of  a p r e c i s e  m a r k e t  f u n d a m e n t a l s  m o d e l ,  it is 

i m p o s s i b l e  to i so l a t e  the  t ime  pa th  wh i ch  c h a r a c t e r i s e s  t he  p r e s e n c e  

o f  a bub b l e .

The  f i r s t  f o r ma l  a c a d e m i c  t e s t  for  d e t e c t i n g  b u b b l e s  was  

c o n d u c t e d  by F l oo d  and G a r be r  (1980)  whe n  t hey  i n v e s t i g a t e d  the  

p r e s e n c e  o f  b u b b l e s  in the  p r i ce  l eve l  d u r i n g  the  G er ma n  

h y p e r i n f l a t i o n  o f  the  ea r ly  1920s .  T h e y  f o un d  no s i g n i f i c a n t  

e v i d e n c e  o f  b u b b l e s  and c o n c l u d e d  t ha t  the  da t a  we r e  c o n s i s t e n t  

w i t h  C a g a n ’s ( 1 9 56 )  m o n e t a r y  mo de l .  H o w e v e r ,  t he i r  m e t h o d o l o g y  

had s h o r t c o m i n g s  by  t e s t i n g  for  on ly  d e t e r m i n i s t i c  b u b b l e s ,  t ha t  is,  

t h os e  t ha t  j u s t  g row at the  r a t e  o f  i n t e r e s t  and e x p l o d e  as t ime 

pa ss es .  It was  an u n r e a l i s t i c  mo de  o f  a n a l y s i s  in th i s  c o n t e x t  as it is 

u n r e a s o n a b l e  t ha t  a f i n a n c i a l  a s s e t  p r i ce  can j u s t  g r ow w i t h o u t  

l i mi t s  in a r ea l  e c on o m y .  F u r th e r ,  the  t e s t s  p r e s e n t e d  a s e c on d  

s h o r t c o m i n g  in t ha t  the  r e g r e s s o r  for  the  b u b b l e  p a r a m e t e r  was  an 

e x p o n e n t i a l  f u n c t i o n  o f  t ime ,  l e ad i n g  it to e x p l od e  as the  n u m b e r  o f  

o b s e r v a t i o n s  b e c a m e  l a rge  and  to d e g e n e r a t i n g  e f f ec t s  on the  

a s y m p t o t i c  d i s t r i b u t i o n  o f  the  t e s t  s t a t i s t i c .
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12 Economically, this is an “open window” of eventual pure capital gains, unrelated to fundamentals, 
through which investors may make profits by arbitrating their funds in different currencies in the 
international foreign exchange market (see Samo and Taylor, 2002).
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Wes t  (1 987)  i m p l e m e n t e d  H a u s m a n ’ s (1978)  

s p e c i f i c a t i o n  t e s t  to i n v e s t i g a t e  the  p r e s e n c e  o f  b u b b l e s  in the  US 

s to ck  m a r k e t  for  the  p e r i o d  1 8 7 1- 1 9 8 0  and found  s i g n i f i c a n t  

e v i d e n c e  o f  b u b b l e s .  M o r e o v e r ,  Mees e  (1986)  u s ing  the same  t es t  

s p e c i f i c a t i o n  f o u nd  s t r ong  e v i d e n c e  o f  b u b b l e s  for  the

D o l l a r / D e u t s c h m a r k  and D o l l a r / S t e r l i n g  e x c h a n g e  ra t es .  

N o n e t h e l e s s ,  the  m e t h o d o l o g y  a p p l i e d  by b o t h  M ee s e  and  Wes t  

c o n s i s t e d  o f  an a p p r o a c h  tha t  t e s t ed  for  a j o i n t  nu l l  h y p o t h e s i s  o f  no 

b u b b l e s  and mode l  m i s s p e c i f i c a t i o n  a g a i n s t  the  a l t e r n a t i v e  in wh i ch  

the r e g r e s s i o n  e r r o r s  were  c o r r e l a t e d  wi th  the  r e g r e s s o r s .  The  

p r o b l e m  a rose  f rom the  f ac t  t ha t  the  a l t e r n a t i v e  m i g h t  a l so  i n c lu d e  

m i s s p e c i f i c a t i o n  p r o b l e m s  such as s t ru c t u r a l  mode l  m i s s p e c i f i c a t i o n ,  

m a r k e t  f u n d a m e n t a l s  m i s s p e c i f i c a t i o n  and even  the  p r e s e n c e  o f  

b u b b l e s  or  o t he r  t ype s  o f  i r r a t i o n a l  b e h a v i o u r .  The  p r e s e n c e  o f  any 

o f  t he se  f a c t o r s  mi gh t  l ead  a r e s e a r c h e r  to r e j e c t  the  j o i n t  nul l  

h y p o t h e s i s ,  and m i s t a k e n l y  be i n t e r p r e t e d  as a b ub b l e .

A n o t h e r  d i f f i c u l t y  wi th  m a ny  e a r l i e r  s t ud i e s  abou t  

b u b b l e s  r e l a t e s  to the  use  o f  a d e t e r m i n i s t i c  b u b b l e  c o n ce p t  

a s s o c i a t e d  wi th  s t a n d a r d  uni t  r o o t  and c o i n t e g r a t i o n  t e s t s .  These  

t e s t s  h av e  f a i l ed  to d e tec t  a b u b b l e  even  in case s  whe n  it is 

s u bs t a n t i a l  bo th  in m a g n i t u d e  and v o l a t i l i t y .  The  e x p l a n a t i o n  is tha t  

such t e s t s  are  more  l i k e ly  to d e t e c t  a b u b b l e  o n l y  in its e x p a n s i o n  

p e r i od .  In fac t ,  the  l i t e r a t u r e  has  s hown  tha t  t r a d i t i o n a l  i n t e g r a t i o n  

and  c o - i n t e g r a t i o n  t e s t s  are  k n o w n  to have  l ow p o w e r  for  d e t e c t i n g  a 

b u b b l e  c o l l a p s i n g  p e r i o d i c a l l y .  Ev an s  ( 1 99 1 )  a l so d e m o n s t r a t e d  t ha t  

s t a n d a r d  uni t  roo t  t e s t s  are  on l y  c a p a b l e  o f  d e t e c t i n g  b u b b l e s  t ha t  

c o n t i n u e  to i n f i n i t y .  A c t u a l l y ,  he i n t r o d u c e d  the c o n c e p t  o f  

p e r i o d i c a l l y  c o l l a p s i n g  r a t i o n a l  b u b b l e s  w h i c h  are  s t o c h a s t i c  and 

show p e r i o d s  o f  e x p a n s i o n  f o l l o w e d  by  p e r i o d s  o f  c o l l a p s e s .  Thi s  

s t o c h a s t i c  c o n c e p t  c o n s t i t u t e d  an i m p o r t a n t  a d v a n c e  in
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i n v e s t i g a t i o n s  o f  b u b b l e s  as it a l l o w ed  for  mor e  r o b u s t  r e s u l t s  t ha t  

we re  c l o s e r  to r ea l i t y .

P s a r a d a k i s  et al. ( 2 0 0 1 )  i n v e s t i g a t e d  the  p o s s i b i l i t y  o f  a 

r a t i o n a l  b u b b l e  b e in g  p r e s e n t  in the  G e r m a n  h y p e r i n f l a t i o n a r y  

p r o c es s .  The  s t udy  used  m o n t h l y  da t a  for  the  w h o l e s a l e  p r i c e  i ndex  

and m o n e y  s u p p l y  for  the  p e r i o d  1914:12  -  1924 :12 .  Th e y  a p p l i e d  a 

s im p l e  t e s t  p r o c e d u r e  to d e t ec t  the  p r e s e n c e  o f  e x p l o s i v e  b u b b l e s  

t ha t  c o l l a p s e  p e r i o d i c a l l y  b a s ed  on the  c l as s  o f  n o n - s t a t i o n a r y ,  

v a r y i n g  c o e f f i c i e n t  a u t o r e g r e s s i v e  m o d e l s  wi th  a s t o c h a s t i c  uni t  

root .  The  u n d e r l y i n g  idea  c o n s i s t e d  of ,  f i r s t l y ,  t e s t i n g  w h e t h e r  the 

t i me  s er i es  u n d e r  s t ud y  are  d e s c r i b e d  as h a v i n g  a r a n d o m roo t  wi th  

un i t  me an  and then  to i d e n t i f y  p e r i o d s  d u r i n g  wh i c h  e x p l o s i v e  

b e h a v i o u r  is r e l a t ed  to the  p r e s e n c e  o f  b u b b l e s .

T h e i r  r e s e a r c h  a s s e s s e d  w h e t h e r  the  v a l ue  o f  the  p r i ce  

i ndex  is more  e x p l o s i v e  than  the  r e l e v a n t  f u n d a m e n t a l s  v a r i a b l e s .  I f  

so,  the  c o n c l u s i o n  w o u l d  be to r e c o g n i s e  the  p r e s e n c e  o f  r a t i on a l  

b u b b l e s  d r i v i n g  the t e m p o r a l  p r o c e s s .  H e n ce ,  m o d e l s  t ha t  a l l ow for  

r a n d o m  c o e f f i c i e n t  v a r i a t i o n  are  l i k e ly  to p r o v i d e  s u i t a b l e  

r e p r e s e n t a t i o n s  o f  the  d y n a m i c s  o f  s e r i e s  i n f l u e n c e d  by  b u b b l e  

c o m p o n e n t s .  The  t es t  was  b a s e d  on the  f o l l o w i n g  r a n d o m - c o e f f i c i e n t  

a u t o r e g r e s s i v e  mode l :
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.) + *„ t = \,...,T (2.2.5)
r=l (=1

w he r e  X, = So + 64 + + l) /2 ] . It is a s s u m e d  tha t  {p(} i . i .d .  (1 , ® 2);

{e,} i . i .d .  ( 0 , a l )  i n d e p e n d e n t  o f  p t and al l  the  ze r os  o f  the  

p o l y n o m i a l  z p -  (¡>xz p~] -  <pp a p p e a r  i n s i de  the  un i t  c i r c l e .  The  bas i c
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h y p o t h e s e s  are  H 0'-co2- 0 a g a i n s t  Hi-co2>0 wh i c h  are  e q u i v a l e n t  to 

t e s t i n g  the  s t a t i o n a r y  and n o n - s t a t i o n a r y  p r o c e s s e s .

In e s s e n ce ,  the  s tudy  i n v o l v e d  t e s t s  for  the  s i m u l t a n e o u s  

p r e s e n c e  o f  r a n d o m  uni t  roo t s  in the  p r i ce  i n d ex  and i ts u n d e r l y i n g  

f u n d a m e n t a l s .  The  c o n c l u s i o n  was  t ha t  the  e x p l o s i v e  b e h a v i o u r  in 

the  p r i c e  i ndex  was  not  a c c o m p a n i e d  by  s y n c h r o n o u s  e x p l os i v e  

b e h a v i o u r  in f u n d a m e n t a l s .  Thus ,  the  h y p o t h e s i s  o f  the  p r e s e n c e  o f  

r a t i o n a l  b u b b l e s  d r i v i n g  the t e m p o r a l  p r o c e s s  d u r i n g  the  G e rm a n  

h y p e r i n f l a t i o n  co u ld  not  be r e j e c t ed .  The  s t a n d a r d  b e h a v i o u r  o f  

e x p l o s i v e  b u b b l e s  is t ha t  the  t e m p o r a l  s er i es  c a n n o t  be made  

s t a t i o n a r y  e ven  in f i r s t  d i f f e r e n c e .  In e s s e n ce ,  P s a r a d a k i s  et al. 

( 2 0 0 1 ) f o l l o w e d  a r e s e a r c h  l ine  b a s ed  on s t a t i o n a r i t y  a n a l y s i s  wi th  

an e m p i r i c a l  mode l  c o m p r i s i n g  an a u t o r e g r e s s i v e  roo t  t ha t  va r i e s  

r a n d o m l y  a r o u nd  a un i t  mean ,  wh i ch  o c c a s i o n a l l y  e x h i b i t s  e x p l o s i v e  

b e h a v i o u r .

Hal l  et al.  ( 1 9 99 )  a n a l y s e d  the i n t e g r a t i o n  p r o p e r t i e s  o f  

the  m o n e y  s up p l y ,  c o n s u m e r  p r i ce  i n d e x  and the  e x c h a n g e  ra te  

a g a i n s t  the  US d o l l a r  in A r g e n t i n a .  The  da t a  set  c o n s i s t e d  o f  82 

m o n t h l y  o b s e r v a t i o n s  f rom 1983:1 to 1989:1 1. Th i s  p e r i o d  was  

c h a r a c t e r i s e d  by e p i s o d e s  o f  h y p e r i n f l a t i o n  in A r g e n t i n a .  The 

o b j e c t i v e  was  to i n v e s t i g a t e  w h e t h e r  the  n o n - s t a t i o n a r i t y  o f  the 

c o n s u m e r  p r i ce  i ndex  mi gh t  be a t t r i b u t a b l e  to e x p l o s i v e  r a t i on a l  

b u b b l e s .  A l t h o u g h  th i s  r e s e a r c h  was  a l so  b a s ed  on s t a t i o n a r i t y  t e s t s ,  

Ha l l  et al.  c o n t r i b u t e d  a new a p p r o ac h  c o n s i s t i n g  o f  a g e n e r a l i s a t i o n  

o f  the  ADF t e s t  p r o c e d u r e  in c o n j u n c t i o n  wi th  M a r k o v - s w i t c h i n g  

r e g r e s s i o n s  ( see  H a m i l t o n ,  1994) .

In fac t ,  Hal l  et al.  a rg u ed  tha t  the  g r e a t  p r o b l e m  for 

d e t e c t i n g  a b u b b l e  g o v e r n i n g  a s t o c h a s t i c  p r o c e s s  l i es  in i d e n t i f y i n g  

and s e p a r a t i n g  e x p a n d i n g  p e r i o d s  f r om c o l l a p s i n g  ones .  The 

r e a s o n i n g  is t ha t  the  e x i s t e n c e  o f  a r a t i o n a l  b u b b l e  is c o n s i s t e n t
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wi t h  t e m p or a l  p r o c e s s e s  c h a r a c t e r i s e d  by the  p r e s e n c e  o f  an 

e x p l o s i v e  a u t o r e g r e s s i v e  roo t .  An e f f i c i e n t  t e s t  s h o u l d  a l l o w  for  the  

p o s s i b i l i t y  o f  c h an g e s  in the d y n a mi c  b e h a v i o u r  o f  a s s e t  p r i c e s  

t h r o u g h o u t  the  sampl e .

T hus ,  t hey  p r o p o s e d  to c han g e  the s t a n d a r d  A DF  tes t  

p r o c e d u r e  to a l l ow for  the  p o s s i b i l i t y  t ha t  d i f f e r e n t  d yn a mi c  

b e h a v i o u r  o f  a v a r i a b l e  may  t ake  p l a ce  in d i f f e r e n t  p a r t s  o f  the 

s amp le .  Th i s  can be f r a m e d  in the  s pec i f i c  c o n t e x t  o f  p e r i o d i c a l l y  

c o l l a p s i n g  r a t i o n a l  b u b b l e s ,  p r e s e n t  in s e p a r a t e d  r e g im e s ,  

d e m o n s t r a t i n g  e x p a n d i n g  and c o l l a p s i n g  p ha se s .  In fac t ,  th i s  new 

s p e c i f i c a t i o n  for  the  ADF t es t  has s i m i l a r i t i e s  wi th  the  t es t  

p r o c e d u r e  p r o p o s e d  by Pe r r o n  (1990)  and Pe r r o n  and V o l g e s a n g  

( 1 9 92 )  in wh i c h  it is a s s u m e d  tha t  t he re  is a o n e - t i m e  e x o g e n o u s  

b r e a k  in m e an .  The  t e s t  p r o p o s e d  by Hal l  et al.  is e x p r e s s e d  in 

( 2 . 2 . 6 )  wi th  an o b s e r v a b l e  i n d i c a t o r  y,e{0, l}so that :

AT, -  Mo 0 ~ s‘) + M\S, + [ ^ 0( l - J r )  + ^iJrJjVi +
A

ij S t AT,-i + cree,

(2.2 .6)

w h e r e  {e,} is equa l  to i . i .d .  {0,1}. The  r a n d o m  s e q u e n c e  {5,} is 

s p e c i f i e d  to be a h o m o g e n e o u s  M ar k o v  c h a i n  on the s t a t e  space  

{0,1}w ith  p r o b a b i l i t y :

P r{s ,= \ / s l-l = \} = P

Pr{j, = 0 / iM = l} = l - /> 

Pr{s( = 0 / s,~\ = 0} = g 

Pr {sr = 1 / s,-\ = 0} = 1 — <7
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The  p r o b a b i l i t y  o f  t he  s t a t e  ( r e g i m e )  at t ime  t d e p e n d s  

on the  s t a t e  at t ime  t — 1. The  t e s t  o f  h y p o t h e s e s  w i t h i n  the  M a r k o v -  

s w i t c h i n g  AD F f r a m e w o r k  is b a s e d  on the  t - ra t io  a s s o c i a t e d  wi t h  

the  m a x i m u m  l i k e l i h o o d  e s t i m a t e s  o f  and (f>x. The  c o n d i t i o n  

<j)0 = <j)l = 0 d e n o t e s  the  u n i t - r o o t  nul l  h y p o t h e s i s  w h i c h  i f  va l i d  is

i n c o n s i s t e n t  wi th  the  p r e s e n c e  o f  r a t i o n a l  b u b b l e s .  The  o n e - s i d e d  

a l t e r n a t i v e  h y p o t h e s i s ,  c o n s i s t e n t  w i t h  the  e x i s t e n c e  o f  an e x p l o s i v e  

r a t i o n a l  b u b b l e  in p r i c e  s h o u l d  p r o d u c e  </>0<0 and </>x> 0 .

The  r e s u l t s  s u g g e s t e d  t ha t  d u r i n g  the 1989 h y p e r i n f l a t i o n  

it was  p o s s i b l e  to o b s e r v e  a c l ea r  e x p l o s i v e  r e g i m e  in the  c o n s u m e r  

p r i ce  i ndex  a s s o c i a t e d  wi th  the  r ap i d  g r o w t h  in the  m o n e y  supp ly .  

The  i m p l i c a t i o n  was  t ha t  the 1 989 h y p e r i n f l a t i o n  in A r g e n t i n a  was  

r e l a t e d  to n e g a t i v e  f u n d a m e n t a l s  b e h a v i o u r ,  and no t  to r a t i o n a l  

b u b b l e s .  N o n e t h e l e s s ,  t he  e x p l o s i v e  p r i ce  in the  p e r i o d  1988:6  to 

1988:8  was  not  a s s o c i a t e d  wi t h  a s i m i l a r  e x p l o s i v e  b e h a v i o u r  in 

n e i t h e r  the  m o n e y  s u p p l y  nor  the  e x c h a n g e  r a t e  w h i c h  is a f i nd i ng  

c o n s i s t e n t  w i t h  a r a t i o n a l  b u b b l e  in the  c o n s u m e r  p r i c e  index .

T a y l o r  and Pee l  (1 9 98 )  i n v e s t i g a t e d  the  p o s s i b i l i t y  o f  

h a v i n g  a r a t i o n a l  b u b b le  p r o c e s s  in the  US rea l  s t o ck  p r i ce  for  the 

p e r i o d  1 8 71 - 1 9 8 7 .  In c o n t r a s t  to the  a f o r e m e n t i o n e d  s tud i e s  in 

w h i c h  the  a p p r o a c h  was  b a s ed  on un i t  roo t  t e s t s ,  t hey  e x a m i n e d  the 

p r e s e n c e  o f  p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s  u s i ng  c o i n t e g r a t i o n  t es t s  

a p p l i e d  to a s t a n d a r d  p r e s e n t  v a l ue  mode l  o f  s t ock  p r i c e s  g i ven  by:
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P , ~ r  ' d , - ( \  + r )r  ' X 0  + r ) 'E A d l+J (2.2.7)
M

wh er e  pt is the  real  s t ock  pr i ce  at t ime  t, dl+j is the  real  d i v i d e n d s  

p a i d  to the  s h a r e h o l d e r .  The  t e rm (l + r) 1 r e p r e s e n t s  the  d i s c o u n t
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f a c t o r  and Et is the  m a t h e m a t i c a l  c o n d i t i o n a l  e x p e c t a t i o n  for  

i n f o r m a t i o n  at t ime /. The  u n i que  s o l u t i o n  for  e q u a t i o n  (2 . 2 . 7 )  

d e p e n d s  on the t r a n s v e r s a l i t y  c o n d i t i o n  lim(l + r) " EtP, — 0,  so t ha t
AJ—>cO V ' 1

p , = f t . Th i s  i m p l i e s  t ha t  pt and dt are  1(1),  bu t  c o i n t e g r a t e d  wi th

c o i n t e g r a t i n g  p a r a m e t e r  r~l . H o w e v e r ,  th i s  c o n d i t i o n  ma y  fai l ,  and 

so a b ub b le  p r o c e s s  ma y  t ake  p l a ce .  I f  t he r e  are b u b b l e s ,  the  r i gh t -  

h a nd  s ide  o f  e q u a t i o n  (2 . 2 . 7 )  is a u g m e n t e d  by Bt . As Bt is a

n o n s t a t i o n a r y  p r o c e s s ,  t hen  pt and dt c a n n o t  be c o i n t e g r a t e d  in the 

p r e s e n c e  o f  b u bb le s .

The  c o i n t e g r a t i o n  t e s t  c o n s i s t e d  o f  e s t i m a t i n g ,  f i r s t l y ,  

RALS D i c k e y - F u l l e r  and s t a n d a r d  D i c k e y - F u l l e r  s t a t i s t i c s ,  Cr u and

CRr , r e s p e c t i v e l y  at the  5% l e v e l 13 14. The  RALS s t a t i s t i c  was  o b t a i n e d  

f r om a t w o - s t e p  OLS e s t i m a t i o n  p r o c e d u r e .  The  f i r s t  s t ep e s t i m a te s  

a s t a n d a r d  e q u a t i o n  y t = y/Zt + u, ■ The  r e s i d u a l s  ( u ,) and the v a r i a nc e

(cr2) are  u s ed  to d e r i ve  the  v e c t o r  o f  c o v a r i a t e s

*
v a r i a n c e  o f  p  by

- c r 2) ]  . The  s ec on d  s t ep  c o n s i s t s  o f  e s t i m a t i n g  the 

RALS f rom the f o l l o w i n g  e qu a t i on :

y t ~ E + f i  zt + ywt  +  i), (2 .2 .8)

wi th  the  c o v a r i a t e  v e c t o r  i n t r o d uc e d .  The  RALS D i c k e y - F u l l e r  

s t a t i s t i c  was  d e f in e d  as t a = P  / V(P )l/2 w he r e  F(/? ) is the  v a r i a n ce

o f  p  . The  u n d e r l y i n g  idea  was  t ha t  a c o i n t e g r a t i o n  t e s t  b a s e d  on 

an e s t i m a t o r  o r i g i n a l l y  d e s i g n e d  to be r o b u s t  to the  p r e s e n c e  of  

s k e w n e s s  and k u r t o s i s  may  be b i a s e d  t o w a r d s  i n c o r r e c t  r e j e c t i o n  o f

13 Residual Augmented Least Square -  RALS.
14 Essentially, it is the /-ratio of /? in ( 2.2.8).
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n o n - c o i n t e g r a t i o n  w he n  p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s  are  p r e s en t .  

Th i s  b i a s e d  r e j e c t i o n  is more  l i ke ly  to o c c u r  w he n  s t a n d a r d  n o n 

c o i n t e g r a t i o n  t e s t s  b a s e d  on o r d i n a r y  l e a s t  s q u a r e s  are  a pp l i e d .

e f f ec t s  o f  s k e w n e s s  and k u r t o s i s  u s u a l l y  f o u nd  in s t a n d a r d  Di c key -  

F u l l e r  t e s t s  u nd e r  the  i n f l u e n c e  o f  p e r i o d i c a l l y  c o l l a p s i n g  r a t i on a l  

b u b b l e s  d r i v i n g  the  p r o c e s s .

( CRTa) and s t a n d a rd  D i c k e y - F u l l e r  s t a t i s t i c s  ( CRr ) we r e  g e n e r a t e d .  

Ne x t ,  the  r e s i d u a l s  f r om the  p t on d, r e g r e s s i o n  were  t e s t e d  u s ing  

t h e C R ra and  CRr s t a t i s t i c s .  The  c o m p u t a t i o n s  b a s e d  on e i t he r  CRTa 

or  Cr t r e j e c t e d  the  nul l  h y p o t h e s i s  o f  n o n - c o i n t e g r a t i o n  at the  5%

l evel .  Th i s  r e s u l t  me an s  t ha t  the  s tock  p r i c e  s er i es  did no t  c on t a i n  a 

b u b b l e  c o mp o n e n t .

b u b b l e s  in e x c h a n g e  r a t e s  and a pp l i e d  it to the  b i l a t e r a l  e xc ha n ge  

r a t e  o f  the  J a p a n e s e  yen,  G e r m a n  ma rk  and  C a n a d i a n  d o l l a r  a ga i ns t  

the  US do l l a r .  The  e m p i r i c a l  wor k  used  d i f f e r e n t  s p e c i f i c a t i o n s  o f  

f u n d a m e n t a l  m o d e l s  for  e x c h a n g e  r a t e s  and a p p l i e d  the  t e s t  for  the 

p e r i o d  1977 to 1991.  In p a r t i c u l a r ,  it is a new t es t  in the  s ens e  t ha t  

it g ives  mo re  i n f o r m a t i o n  ab o u t  a p a r t i c u l a r  form o f  b u b b l e  and 

d i f f e r s  f rom the o t h e r s  t ha t  have  a mo r e  g e ne r a l  a p p r o a c h  to 

d e t e c t i o n  and a na ly s i s .  The  focus  o f  the  t e s t  is on a s pec i f i c  

s t o c h a s t i c  t ype  o f  b u b b l e  wh i c h  is s u p p o s e d  to g r o w  and to c o l l a ps e  

fu l l y  or  p a r t i a l l y .  A s s u m i n g  a c e r t a i n  p r o b a b i l i t y  and  s ize  o f  t hese  

c o l l a p s e s ,  it can be d e m o n s t r a t e d  t ha t  the  s pec i f i c  b e h a v i o u r  o f  

b u b b l e s  may  l ead  to r e g i m e - s w i t c h i n g  b e h a v i o u r  in e x c h a n g e  ra t e  

i n n o v a t i o n s .

Th u s ,  the  v e c t o r at c o r r e c t i n g  the

F i n a l l y ,  the  5% c r i t i c a l  v a l ue s  for  RALS D i c k e y - F u l l e r

Van  N o r d e n  (1 9 96 )  d e v e l o p e d  a new t e s t  for  s p e c u l a t i v e
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Van N o r d e n  used  a s w i t c h i n g  r e g i m e  m o d e l ,  a r g u i n g  tha t  

it  may  o f f e r  new e x p l a n a t i o n s  for  l a rge ,  a b ru p t  e x c h a n ge  ra te  

m o v e m e n t s  wh i c h  may  be l i n k e d  to m o v e m e n t s  in o t he r  

m a c r o e c o n o m i c s  v a r i a b l e s .  The  t h e o r e t i c a l  mode l  was  as f o l l ows :
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s ;  = t y  £ , ( / ( * „ , ) )  (2.2.9)
7=0

w he r e  S* is the  f u n d a m e n t a l s  e x c h a n ge  ra t e ,  X t is the  set  o f  

m a c r o e c o n o m i c s  v a r i a b l e s  and Et( f ( X l+j)) is the  c u r r e n t  e x p e c t e d  

v a l ue  o f  f u n d a m e n t a l s  at t + j .  The  c o r r e l a t i o n  c o e f f i c i e n t  is 0 < a < l .

E q u a t i o n  (2 . 2 . 9 )  is t he  f u n d a m e n t a l  s o l u t i o n  for  the 

e x c h a n g e  r a t e ,  n a m e l y ,  it  is the  c o r r e l a t i o n  s o lu t i o n  b e t w e e n  the 

e x c h a n g e  r a t e  and m a c r o e c o n o m i c  f u n d a m e n t a l s .  H o w e v e r ,  it is not  

the  on l y  p o s s i b i l i t y  as any  o t he r  set  o f  e x c h a n g e  r a t e  v a l ue s  such  

tha t  S, * S* may  be d e f in e d  as h a v i n g  b u b b l e s .  S, is t he  ac tua l  

e x c h a n g e  r a t e  d e t e r m i n e d  by m a r k e t  fo r ce s .  The  s i ze  o f  the  b u b b le ,  

in t u rn ,  may  be d e f i n e d  as:

b, = s , - s ;  (2.2.10)

and i f  the  b u bb l e  is e x p e c t e d  to g r ow o v e r  t i me  t hen  a< 1 and:

bi = a E t(bt+\) (2.2.11)

Two s imp l e  e x c h a n g e  ra t e  a p p r o a c h e s  we re  used  to t es t  

for  the  p r e s e n c e  o f  b u b b l e s .  The  f i r s t  one was  the  t r a d i t i o n a l  

f l e x i b l e - p r i c e  m o n e t a r y  m o de l  b a s ed  on the p u r c h a s i n g  p o w e r  p a r i t y
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(PPP)  c o n d i t i o n  and on the  u n c o v e r e d  i n t e r e s t  r a t e  p a r i t y  ( UI RP)  

c o n d i t i o n .  The  s e c on d  a p p r o a c h  was  b a s e d  on the f ac t  t ha t  the  real  

e x c h a n g e  r a t e  is a r a t e  wh i c h  e q u i l i b r a t e s  the  e x t e r n a l  s ec to r  o f  an 

e c o n o m y ,  t h e r e f o r e  d e v i a t i o n s  f rom th i s  r a t e  (&,) s h o u l d  be a 

f u n c t i o n  o f  e x t e r n a l  s ec to r  i m b a l a n c e s .  T hus ,  d e v i a t i o n s  f rom 

c u r r e n t  a c c o u n t  b a l a n c e s  d e no te  a c t ua l  d e v i a t i o n s  f rom f u n d a m e n t a l s  

w h i c h  m i g h t  a c c o u n t  for  d e p r e c i a t i o n s  in e x c h a n g e  r a t e s .  A f ina l  

m e a s u r e  used  the  s t i c k y - p r i c e  m o n e t a r y  m o d e l  in w h i c h  the 

o v e r s h o o t i n g  p h e n o m e n a  i t s e l f  was  a s s u m e d  as e v i d e n c e  o f  b u b b l e s .

In shor t ,  Van  N o r d e n  found  tha t  the  r e s u l t s  were  

s e n s i t i v e  to c h an g e s  in t he  d e f i n i t i o n  o f  f u n d a m e n t a l s  for  e x c h a n ge  

r a t e s .  The  e v i d e n c e  was  not  found  to be r obus t :  some  r e s u l t s  

s u p p o r t e d  the  p r e s e n c e  o f  b u b b l e s  when  us ing  U IR P and

o v e r s h o o t i n g  m o d e l s  for  the C a n a d a / U S  e x c h a n g e  r a t e  or  a PPP

m o de l  for  the  J a p a n / U S  e x c h a n g e  ra te .

A l t h o u g h  the  s wi t c h i n g  r e g i m e  m o d e l s  a t t e n u a t e  the  

p r o b l e m  o f  mode l  m i s s p e c i f i c a t i o n  by f o c u s s i n g  on d i f f e r e n c e s  in 

r e g i m e s ,  the  s e n s i t i v i t y  o f  f u n d a m e n t a l s - b a s e d  e x c h a n g e  r a t e  m o d e l s  

o b t a i n e d  by Van  N o r d e n  r ev ea l s  once  aga i n  the  r e l e v a n c e  o f  thi s  

i s sue  in i n v e s t i g a t i n g  t he  p r e s e n c e  o f  b u b b l e s .  F u r t h e r m o r e ,  the 

s t udy  a l so  a s s u m e d  tha t  any d e v i a t i o n  f rom f u n d a m e n t a l s  was  a

p r o o f  o f  b u b b l e s  d r i v i n g  the s t o c h a s t i c  p r o c es s .  H o w e v e r ,  r e cen t

e v i d e n c e  o f  n o n l i n e a r  e x c h a n g e  ra t e  b e h a v i o u r  may  r e j e c t  thi s  

h y p o t h e s i s  [see,  for  i n s t a nc e ;  T a y l o r ,  Peel  and Sa rno  ( 2001) ,  K i l i a n  

and T a y l o r  ( 2003) ] .

C h a r e m z a  (1996)  a n a l y s e d  the  c o l l a p s e  o f  the  Po l i sh  

f o r e ig n  e x c h a n g e  m a r k e t  in 1989.  In t ha t  t ime  a n a l y s t s  b e l i e v e d  tha t  

the  c o l l a ps e  was  c a u s e d  by the  b u r s t i n g  o f  a s t o c h a s t i c  s p e c u l a t i v e  

b u b b l e  c a u s e d  by  i n c r e a s i n g  i n f l a t i o n a r y  e x p e c t a t i o n s  a f t e r  the 

c o l l a p s e  o f  c o m m u n i s m  and f i na nc i a l  l i b e r a l i s a t i o n .  The
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i n v e s t i g a t i o n  was  b a s e d  on a p r e s e n t  v a l ue  m o d e l  o f  the  e xc ha n ge  

ra t e .  Gi ven  tha t  a b u b b l e  is not  d i r e c t l y  o b s e r v a b l e ,  the  s t ud y  used  a 

m e t h o d  o f  s i m u l a t i n g  r e p e a t e d l y  an u n o b s e r v a b l e  n o n - l i n e a r  

c o m p o n e n t ,  and then  i n t r o d u c e d  it i n to  an e c o n o m e t r i c  m o d e l  as an 

o b s e r v a b l e  v a r i a b l e .

The  h y p o t h e s i s  t ha t  i n f l a t i o n  e x p e c t a t i o n s  in P o l a nd  

c a u s e d  the  d e v e l o p m e n t  and the b u r s t i n g  o f  a b u b b l e  in the  Po l i sh  

f o r e i gn  e x c h a n g e  m a r k e t  was  b a s ed  on the f o l l o w i n g  mode l :

p, = <pxn t + (p2v, +<Pib, + ut (2.2.12)

wh e re  p t d e n o t e s  the f ree  m a r k e t  p r i c e  o f  the  US d o l l a r ,  rct is 

m o n t h l y  d o m e s t i c  i n f l a t i o n ,  v, is an u n c e r t a i n t y  t e rm ( d e f i n e d  as the 

q u a d r a t i c  s p r ead  o f  d o l l a r  p r i c e s  a mo n g  f ive  ma in  local  m a r k e t s  in 

Po l a n d ) ,  and b, is the  s i m u l a t e d  c o m p o n e n t  f rom the  i th r e p l i c a t i o n  

o f  b,-0bt- i  + et [see a l so  P e s a r a n  and P e s a r a n  ( 1 99 3 ) ;  L a r o q u e  and 

Sa l a n i e  (1 993) ]  .

The  t e s t  p r o c e d u r e s  r e l i ed ,  f i r s t l y ,  on e s t i m a t i n g  

e q u a t i o n  ( 2 . 2 . 1 2 )  by OLS and F M- OL S  m e t h o d s  w i t h o u t  the  p r e s e n c e  

o f  the  b u b b l e  c o m p o n e n t ,  and then a p p l y i n g  AD F te s t s  to the  

r e s i d u a l s  wi th  four  lag a u g m e n t a t i o n s .  The  r e s u l t s  r e v e a l e d  t ha t  the 

US d o l l a r  p r i c e  in Po l a n d  ( p (), i n f l a t i o n  (^-,),  and the  s p r ead

v a r i a b l e  v , , we r e  i n t e g r a t e d  o f  o rd e r  1(1).  S e c o n d l y ,  e qu a t i on  

( 2 .2 . 12 )  was  e s t i m a t e d  by  OLS and F M - O L S  m e t h o d s  wi th  the 

s i m u l a t e d  b u b b l e s  p r o c e s s  b, i n c lu d e d ,  and once  a ga in  the  AD F tes t s  

on w, were  a pp l i e d .  The  r e su l t s  p r o v i d e d  e v i d e n c e  in f a v ou r  o f

s p e c u l a t i v e  b u b b le s  in the  P o l i sh  fo r e i g n  e x c h a n g e  m a r k e t  d u r i n g  

t ha t  pe r i od .
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C h a r e m z a  used ,  in e s s e n ce ,  the  uni t  roo t  a p p r o a c h  to 

a n a l y s e  the  p r e s e n c e  o f  b u b b l e s  in e x c h a n g e  r a t e s .  But ,  as a b u b b l e  

is an u n o b s e r v a b l e  p r o c e s s ,  the  c o n v e n t i o n a l  AD F t es t  may 

m i s t a k e n l y  e i t he r  r e j e c t  or  a cc ep t  i ts  p r e s e n c e .  The  use  o f  a 

s i m u l a t e d  c o m p o n e n t  to de no t e  the  p r e s e n c e  o f  b u b b l e s  a ime d  at 

e l i m i n a t i n g  b i a se s  in e s t i m a t e d  p a r a m e t e r s ,  c a u s e d  by any 

u n o b s e r v a b l e  e l e m e n t  in the  s t o c h a s t i c  p r o c es s ,  did no t  t ake  into 

a c c o u n t  t ha t  the  b ias  m a y  be a t t r i b u t e d  to mode l  m i s s p e c i f i c a t i o n s  

or  n o n - l i n e a r  b e h a v i o u r s .

In g e n e r a l ,  the  s tud i e s  o f  b u b b l e s  b r i e f l y  d e s c r i b e d  in 

thi s  r e v i e w  f o l l o w e d  a p p r o a c h e s  b a s e d  on e i t he r  AD F or 

c o i n t e g r a t i o n  t e s t s .  A l t h o u g h  t he se  a p p r o a c h e s  m a y  b r i ng  

c o n t r i b u t i o n s  to the  d e t e c t i o n  o f  c e r t a i n  t ypes  o f  b u b b l e s ,  t he y  may  

a l so  d e m o n s t r a t e  some  de gr e e  o f  i n e f f i c i e n c y  wh e n  d e a l i n g  wi th  

r a t i o n a l  b u bb l e s  c o l l a p s i n g  p e r i o d i c a l l y ,  and when  the s t o ch a s t i c  

p r o c e s s  is s ho wn  to b e h a v e  n o n - l i n e a r l y .  C h a p t e r  IV o f  the  t he s i s  

wi l l  a dd re s s  t he se  i s sue s  by a d o p t i n g  the  M a r k o v - s w i t c h i n g  r e g i me  

a p p r o a c h  to i n v e s t i g a t e  the  p r e s e n c e  o f  b u b b l e s  c o l l a p s i n g  

p e r i o d i c a l l y .  The  p r o b l e m  o f  mode l  m i s s p e c i f i c a t i o n s  is more  

c o m p l e x  and goes  b e y o n d  the s cope  o f  thi s  s tudy .
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2.3 - E f f e c t s  o f  F o r e i g n  Debt s  on E x c h a n g e  Rate s

So me  s t ud i e s  have  h i g h l i g h t e d  the  e f f e c t s  o f  f i n a nc i a l  

v a r i a b l e s ,  e s p e c i a l l y  f o r e i gn  c u r r e n c y - d e n o m i n a t e d  deb t s ,  on 

e x c h a n g e  ra t e  v a r i a b i l i t y .  The  e x i s t e n c e  o f  u n - h e d g e d  fo r e i g n  

c u r r e n c y  d e n o m i n a t e d  deb t s  have  s i g n i f i c a n t  e f f e c t s  on the  f i n a nc i a l  

s ec t o r ,  on c o r p o r a t e  b a l a n c e  shee t s  and on the  p u b l i c  s e c to r  wi th  

p o t e n t i a l  u n w e l c o m e  s ide  e f f e c t s  on the  e x c h a n g e  ra t e .  A h i gh  level  

o f  fo re i g n  c u r r e n c y  d e n o m i n a t e d  deb t s  i n t r o d u c e s  a d d i t i o n a l  cos t s  to
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e x c h a n g e  ra t e  v a r i a b i l i t y  w he n  it is not  h e d g e d  by  at l e as t  an 

e q u i v a l e n t  a m o u n t  and q u a l i t y  o f  f i n a nc i a l  a s s e t s .  T h e s e  s ide  e f f ec t s  

are e x p e c t e d  to be mor e  s i g n i f i c a n t  in e m e r g i n g  m a r k e t  e c o n o m i e s  

than  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  by  v i r t u e  o f  t he  c r ed i t  

c o n s t r a i n t s  i m p o s e d  by the i n t e r n a t i o n a l  f i n a n c i a l  ma rke t .

E i c h e n g r e e n  and H a u s m a n n  ( 1999) ,  for  i n s t a n ce ,  s t a t e  

t ha t  i n t e r n a t i o n a l  c r e d i t  c o n s t r a i n t s ,  e s p e c i a l l y  for  d e v e l o p i n g  

c o u n t r i e s ,  are  r e l a t ed  to d i s t o r t i n g  g u a r a n t e e s  p r o v i d e d  by 

g o v e r n m e n t s  and i n t e r n a t i o n a l  m u l t i l a t e r a l  e n t i t i e s .  Ex c e s s  c re d i t  

a v a i l a b i l i t y  a l l o ws  b o r r o w e r  c o u n t r i e s  to a s s u m e  e x c e s s i v e  debt s  

p r o t e c t e d  by g u a r a n t e e s .  N e v e r t h e l e s s ,  f i n a nc i a l  f r a g i l i t i e s  e mer ge  

and c r e d i t  c o n s t r a i n t s  are  i m p o s e d  as a r e su l t  o f  i n c r e a s i n g  d e f a u l t  

r i sks .  F u r t h e r m o r e ,  t he re  are d i f f i c u l t i e s  o f  b o r r o w i n g  a b ro a d  long  

t e rm in d o m e s t i c  c u r r e n cy .  Thi s  r a i s es  the  p r o b l e m  o f  c u r r e n c y  

m i s m a t c h e s  or  m a t u r i t y  m i s m a t c h e s  as long  t e rm d o me s t i c  

i n v e s t m e n t  p r o j e c t s  are  n o r m a l l y  fo r e i g n  c u r r e n c y - f i n a n c e d  p r o j ec t s .  

U l t i m a t e l y ,  E i c h e n g r e e n  and H a u s m a n n  (1999)  c o n c l u d e  t ha t  many  

e m e r g i n g  m a r k e t  e c o n o m i e s  t ha t  own h igh  s tocks  o f  de b t s  may  have  

huge  d i f f i c u l t i e s  to m a n a g e  t he i r  e x c h a n g e  r a t e  v o l a t i l i t y .  T he se  

d i f f i c u l t i e s  a f f ec t  the f i n a n c i a l  c r e d i b i l i t y  o f  a c o u n t r y  and  ma y  lead 

to a more  v o l a t i l e  e x c h a n g e  ra t e .

D e v e r e u x  and Lane  (2003)  a l so  e x a m i n e d  the e f f e c t  o f  

deb t s  on the  e x c h a n g e  r a t e  and r e i n f o r c e  the  a r g u m e n t  t ha t  h igh  

f o r e ig n  deb t  s tocks  have  d i f f e r e n t  i m p a c t s  on e x c h a n ge  ra t e  

m o v e m e n t s  for  d e v e l o p e d  and d e v e l o p i n g  c o u n t r i e s .  D e v e l o p e d  

c o u n t r i e s  have  f ree  a c c e s s  to the i n t e r n a t i o n a l  f i n a nc i a l  m a r k e t  so 

t ha t  t he y  can  b o r r o w  by  i s s u i n g  a ss e t s  d e n o m i n a t e d  in t he i r  own 

c u r r e n c i e s .  D e v e l o p i n g  c o u n t r i e s ,  in t u rn ,  are c o n d i t i o n e d  to s eve re  

b o r r o w i n g  c o n s t r a i n t s  in i n t e r n a t i o n a l  f i n a n c i a l  m a r k e t s  and only  

i s sue  deb t s  in f o r e i g n  c u r r e n c i e s .  F o l l o w i n g  an a d v e r s e  e x t e r na l  

s hock ,  the  c r e d i t  c o n s t r a i n t s  may  p r o d u c e  p e r v e r s e  e f f ec t s  on
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e x c h a n g e  ra t e  v o l a t i l i t y  in h i g h l y  i n d e b t e d  e c o n o m i e s  due  to 

i n c r e a s e s  in d e f au l t  r i sk .  F u r t h e r m o r e ,  the  i n c r e a s e  in d e f a u l t  r i sk  

c a u s e d  by a h i gh  s t ock  o f  f o r e i g n  debt s  has  e f f e c t s  on e x c h a n g e  ra t e  

v o l a t i l i t y  by a l so  a f f e c t i n g  the  r i sk  p r e m i u m  a s s o c i a t e d  wi th  

i n v e s t m e n t s  in fo r e i g n  c u r r e nc y .  The  r i sk  p r e m i u m  b e c o m e s  more  

v o l a t i l e  by v i r t u e  o f  the  f i na nc i a l  f r a g i l i t y  d e g r e e  d e m o n s t r a t e d  by a 

h i g h l y  i n d e b t e d  coun t r y .

The  f o l l o w i n g  a r g u m e n t  p r e s e n t s  the  u n d e r l y i n g  idea  

a b ou t  the i m p a c t  o f  i n c r e a s e d  d e f au l t  r i sk s  on the r i s k  p r e m i u m  and 

the c o l l a t e r a l  e f f e c t s  on the  e x c h a n g e  rate .

AUt+i = «  + /?(/, -  i , ) + vt+i ( 2 . 3 . 1 )

( 2 . 3 . 1 )  is the  u n c o v e r e d  i n t e r e s t  r a t e  p a r i t y  c o n d i t i o n  in w h i c h  AUt+t 

d e n o t e s  the  e x p e c t e d  c han g e  in e x c h a n ge  r a t e ,  is the  i n t e r e s t

r a t e  d i f f e r e n t i a l  b e t w e e n  the  h o me  c o u n t r y  and the  r e s t  o f  the  wor l d ,  

and a  is the  r i sk  p r e m i u m .

I f  [3 = 1 and a  = 0, t hen  e x c h a n g e  ra t e  v o l a t i l i t y  f o l l ows  

the v o l a t i l i t y  d e t e r m i n e d  s o l e l y  by e c o n o m i c  f u n d a m e n t a l s .  The  

e x c h a n g e  ra t e  v a r i a n c e  equa l s  the  f u n d a m e n t a l s  v a r i a n ce :

var(Afy,+,) = var (/,-/,*) (2 . 3 . 2 )

H o w e v e r ,  i f  a  ^  0 and /? < 1, t hen  the r e  are  e l e m e n t s ,  no t  

i n c l u d e d  in e c o n o m i c  f u n d a m e n t a l s ,  w h i c h  g e n e r a t e  a r i s k  p r e m i u m .  

The  i n c r e a s e  in d e f a u l t  r i sk  as a r e su l t  o f  h igh  l eve l s  o f  fo r e i g n  

deb t s  a f f ec t s  the  r i sk  p r e m i u m  l e ad i n g  it to be mo r e  v o l a t i l e  than 

the e x c h a n g e  r a t e  in t e r ms  o f  wha t  w o u ld  be  e x p e c t e d  s o l e l y  f rom
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f u n d a m e n t a l s .  The  e x p r e s s i o n  (2 . 3 . 3 )  r e f l e c t s  t ha t  the  r i sk  p r e m i u m  

v a r i a n c e  is g r e a t e r  than  the e x p e c t e d  e x c h a n g e  r a t e  v a r i a n c e  d e f i n e d  

by f u n d a m e n t a l s .

v a r(a () > var(A,'s<+/) (2 . 3 . 3 )

A re cen t ,  i n f l u e n t i a l  s tudy  ab o u t  the  r e l a t i o n s h i p  

b e t w e e n  e x c h a n g e  r a t e  v o l a t i l i t y  and deb t  s tocks  is due to D e v e r e u x  

and Lane  ( 2003) .  T h e y  e x a m i n e d  a wi de  set  o f  c o u n t r i e s  i n c l u d i n g  

d e v e l o p i n g  and d e v e l o p e d  c o u n t r i e s  us ing  m o n t h l y  da t a  f r om 1995:1 

to 2 000 : 9 .  The  s tudy  f o l l o w e d  M u n d e l l ’s ( 1 96 1 )  mode l  o f  op t i ma l  

c u r r e n c y  a reas  ( OCA)  w h i c h  de f i n e s  t r ade  i n t e r d e p e n d e n c e  and the 

d e g r e e  o f  c o m m o n a l i t y  in e c o n o m i c  s hocks  as two e s s en t i a l  

e c o n o m i c  p r e c o n d i t i o n s  to make  r e g io n s  or  c o u n t r i e s  pa r t  o f  an 

OCA.  A l t h o u g h  th i s  p a p e r  m o s t l y  i n v e s t i g a t e d  the  e f f e c t  o f  o p t i m u m  

c u r r e n c y  a rea  v a r i a b l e s  on e x c h a n g e  ra t e  v o l a t i l i t y ,  it a l so  e x a m i n e d  

the e x c h a n g e  ra t e  v u l n e r a b i l i t y  to e x t e r n a l  s ho ck s  f rom l a rge  s t ocks  

o f  u n - h e d g e d  f o r e i gn  c u r r e n c y  d e n o m i n a t e d  deb t s .  A l a rge  c ros s -  

s e c t i o n  mode l  o f  d e v e l o p e d  and d e v e l o p i n g  c o u n t r i e s  was  used  to 

i d e n t i f y  the  ma i n  d e t e r m i n a n t s  o f  e x c h a n g e  ra t e  v o l a t i l i t y .

The  e c o n o m e t r i c  s p e c i f i c a t i o n  was  as f o l l ows :
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Vol f / - cl + ft X,j + /F IN  + (pExtFirij + p{FIN j x ExtFinj) + Ey ( 2 . 3 . 4 )

wh e re  Volf/ is the  l evel  o f  b i l a t e r a l  n o m i n a l  e x c h a n g e  r a t e  v o l a t i l i t y  

b e t w e e n  c o u n t r i e s  i and j , Xy  is the  set  o f  s t a n d a r d  OCA v a r i a b l e s ,  

FINj is the  s i ze  o f  the  d o me s t i c  f i n a nc i a l  s e c t o r  and ExtFiny is a 

m e a s u r e  o f  the  f i n a n c i a l  d e p e n d e n c e  o f  c o u n t r y  j  on c o u n t r y  i. The
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v o l a t i l i t y  o f  the  n o m i n a l  e x c h a n g e  r a t e  is m e a s u r e d  by i ts s t a n d a r d  

d e v i a t i o n ,  the  OCA v a r i a b l e s  are m e a s u r e d  by the  sum o f  expor t s  

and i m p o r t s  b e t w e e n  i and j  c o u n t r i e s  d i v i d e d  by c o u n t r y  y ’s GDP,  

and the ExtFin v a r i a b l e  c o n s i s t s  o f  Bank  c l a i m s  made  o f  own-  

c u r r e n c y  loans .

The  r e s u l t s  s ho we d  tha t  for  d e v e l o p e d  c o u n t r i e s  the  

b i l a t e r a l  e x c h a n g e  r a t e  v o l a t i l i t y  is e i t h e r  p o s i t i v e l y  a f f e c t e d  by 

e x t e r n a l  f i n a n c i a l  l i n k a g e s  or  a f f e c t e d  i n s i g n i f i c a n t l y .  In c on t r a s t ,  

for  d e v e l o p i n g  c o u n t r i e s  f i n a n c i a l  l i n k a g e s  d e c r e a s e  s ha r p l y  

b i l a t e r a l  e x c h a n g e  r a t e  v o l a t i l i t y .  The  OCA v a r i a b l e s ,  in t urn ,  

d e m o n s t r a t e d  c o n s i s t e n t  r e su l t s  wi th  the  u n d e r l y i n g  t h e o r y  so t ha t  

the  g r e a t e r  is b i l a t e r a l  t r ade  the  l ow er  is e x c h a n g e  ra t e  v o l a t i l i t y .

In shor t ,  D e v e r e u x  and Lane  (2 0 0 3)  used  a c ros s  s ec t i on  

a n a l y s i s  to c ap t u r e  the  e f f ec t  o f  deb t s  on e x c h a n g e  ra t e  v o l a t i l i t y .  

The  c ros s  s ec t i o n  m o d e l l i n g  is a s t a t i c  a n a l y s i s  wh i c h  has  a l imi t ed  

p o w e r  to i n v e s t i g a t e  e f f e c t s  t ha t  a c han g e  in one  v a r i a b l e  has  on 

a n o t h e r  o ve r  t ime  and  a s s u me s  the same  da t a  g e n e r a t i n g  p r o c e s s  

( DGP )  for  al l  the  c ros s  s e c t i o n a l  un i t s  w i t h o u t  c o n s i d e r i n g  c o u n t r y -  

s p e c i f i c  e f f e c t s .  C h a p t e r  V p r o p o s e s  to e x a m i n e  the i m p a c t  o f  

f o r e ig n  deb t s  on e x c h a n g e  r a t e  v o l a t i l i t y  u s ing  t ime  se r i es  

m o d e l l i n g .  It a l so  i n v e s t i g a t e s  i f  e x c h a n g e  r a t e  v o l a t i l i t y  is 

s t a b i l i s e d  by m o n e t a r y  p o l i c y  i n t e r v e n t i o n s .

2.4 - C o n c l u s i o n

Thi s  b r i e f  o v e r v i e w  o f  t h e o r e t i c a l  and e m p i r i c a l  f i nd i n g s  

ab ou t  e x c h a n g e  ra t e  d e t e r m i n a t i o n  l eads  to the c o n c l u s i o n  t ha t  even  

t h o u g h  the m e t h o d s  o f  a n a l y s i s  have  p r o g r e s s e d  s i g n i f i c a n t l y ,  the  

r e s u l t s  s t i l l  r e m a i n  c o n t e s t a b l e .  In fac t ,  a huge  n u m b e r  o f  s tud i e s  

has  been  p r o d u c e d ,  but  the  m o de l s  c o n t i n u e  to be u n s a t i s f a c t o r y  in
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g i v i n g  a r o b u s t  e x p l a n a t i o n  or to p r o v i d e  u n q u e s t i o n a b l e  r e s p o n s e s ,  

f rom us ing  e i t he r  w i t h i n - s a m p l e  or o u t - o f - s a m p l e  a na l y s e s ,  to the  

p h e n o m e n o n  o f  e x c h a n g e  ra t e  m o v e m e n t s .

C u r r e n t  i n v e s t i g a t i o n s  abou t  e x c h a n g e  r a t e  b e h a v i o u r  are 

i n c r e a s i n g l y  f o c u s e d  on i m p r o v i n g  the  p e r f o r m a n c e  o f  e c o n o m e t r i c  

a p p r o a c h e s .  Much  p r o g r e s s  has  been  made  in d e v e l o p i n g  e s t i m a t o r s  

t ha t  e s s e n t i a l l y  p r o v i d e  more  a c c u r a t e  p a r a m e t e r  e s t i m a t e s  b a s ed  on 

the  t r a d i t i o n a l  m o n e t a r y  mode l  o f  the  e x c h a n g e  ra t e .  An i m p o r t a n t  

r e s e a r c h  f i e ld  was  o p e n e d  by i n t r o d u c i n g  p a ne l  da t a  m o d e l l i n g  into 

i n v e s t i g a t i o n s .  Pane l  da t a  m o de l s  o f f e r  the  a d v a n t a g e  o f  i d e n t i f y i n g  

and m e a s u r i n g  e f f ec t s  t ha t  are  no t  d e t e c t a b l e  in p u r e  c r o s s - s e c t i o n  

or t i m e - s e r i e s  mo de l s .  F u r t h e r m o r e ,  as pa ne l  da ta  m o d e l s  g a t h e r  

mor e  i n f o r m a t i v e  da ta  t hey  a l l o w  more  v a r i a b i l i t y ,  l ess  c o l l i n e a r i t y  

a m o n g  v a r i a b l e s ,  mo r e  d e g re e s  o f  f r e e d o m  and g r e a t e r  e f f i c i e n cy .  

T h e s e  c h a r a c t e r i s t i c s  are p a r t i c u l a r l y  r e l e v a n t  to s t ud i e s  on 

e x c h a n g e  r a t e  b e h a v i o u r  e na b l i n g  the  c on t r o l  o f  the  h e t e r o g e n e i t y  

i n h e r e n t l y  a s s o c i a t e d  wi th  the  e c o n o m i c  d y n a m i c s  o f  d i f f e r e n t  

c o u n t r i e s .  For  i n s t a nc e ,  a m o n e t a r y  s ho ck  may  g e n e r a t e  

h e t e r o g e n e o u s  i m p a c t s  on e x c h a n ge  r a t e  m o v e m e n t s  in d i f f e r e n t  

c o un t r i e s .  H o w e v e r ,  a g g r e g a t i o n  and f e e d b a c k  e f f ec t s  b i a s e s  e mer ge  

w he n  u s i ng  d y n a m i c  pa ne l  da ta  m o d e l s .  T he se  d i f f i c u l t i e s  ma y  l ead  

a s y m p t o t i c a l l y  to d i s t o r t i o n s  in d i s t r i b u t i o n s  and a f f e c t  the  t es t  

s t a t i s t i c s .  The  e s t i m a t o r s  need  to be i m p r o v e d  and t h e r e f o r e  t he r e  is 

s t i l l  mu ch  to be done  in th i s  area .

The  s t ud i e s  r e l a t e d  to the  p r e s e n c e  o f  b u b b l e s  d r i v i n g  the 

e x c h a n g e  ra t e  f rom i ts f u n d a m e n t a l s  are ,  in t u rn ,  b a s e d  m o s t l y  on 

the s t a n d a r d  m o n e t a r y  mo d e l .  A l t h o u g h  e f f o r t s  h a ve  b een  m ad e  in 

o r d e r  to p e r f e c t  the  t e s t s  for  b u b b l e s ,  the p r o b l e m  o f  mode l  

m i s s p e c i f i c a t i o n s  s t i l l  p e r s i s t s  and may  a f f ec t  the  r e su l t s .  A l t h o u g h  

thi s  p r o b l e m  is an i m p o r t a n t  t op i c  in s t ud i e s  on b u b b l e s ,  it goes  

b e y o n d  the s cope  o f  thi s  t hes i s .  M o r e o v e r ,  the  use  o f  s t o c h a s t i c  and

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

-  58 -



r a t i o n a l  b u b b l e  c o n ce p t s ,  r a t he r  t han  d e t e r m i n i s t i c ,  b r o u g h t  

c o n s i d e r a b l e  a d v a n c e s  to the  c u r r e n t  d eb a t e  by i n t r o d u c i n g  the 

b u b b l e  p r o c e s s  into t he  i n f o r m a t i o n  set  a v a i l a b l e  to the  m a rk e t .  The  

r a t i o n a l i t y  c o n c e p t  i mp l i e s  b a s i c a l l y  a da t a  g e n e r a t i n g  p r o c e s s  

( D G P)  for  b u b b l e s ,  w h i c h  ma r ke t  ag en t s  t ake  into a c c o u n t  to c rea t e  

a s e l f - f u l f i l l i n g  b e h a v i o u r  d i v e r g i n g  f r om f u n d a m e n t a l s .  H o w e v e r ,  

i n v e s t i g a t i o n s  are  c o m m o n l y  b a s e d  on l i n e a r  m o d e l s  and c o n c l u s i o n s  

for  the  p r e s e n c e  o f  b u b b l e s  may  be m i s l e a d i n g .  In fac t ,  the 

e x i s t e n c e  o f  n o n - l i n e a r  b e h a v i o u r  in the  e x c h a n g e  ra t e  ma y  not  be 

e a s i l y  d e t e c t a b l e  by s t a n d a r d  e c o n o m e t r i c  t e s t s  d e s i g n e d  u s u a l l y  for  

the  a n a l y s i s  o f  l i nea r  t h e o r e t i c a l  mode l s .

In p a r t i c u l a r ,  th i s  s urvey ,  and the s u b s e q u e n t  c ha p t e r s ,  

p u r s u e s  the  f i r s t  and the t h i r d  r e s e a r c h  g r ou p s  as d e f i n e d  by 

M a c D o n a l d  ( 1999) .  The  p a p e r s  d i s c u s s e d  a n a l y s e  the  r e l a t i o n s h i p  

b e t w e e n  the  e x c h a n g e  r a t e  and f u n d a m e n t a l s  t a k in g  the  t r a d i t i o n a l  

m o n e t a r y  m o d e l  as a r e f e r e n c e .  The  two s u b s e q u e n t  c h ap t e r s  a l so 

s t udy  th i s  r e l a t i o n s h i p  a n a l y s i n g  it  in a pane l  da t a  c o n t e x t  wi th  

h o m o g e n e i t y  r e l a x e d  and  i n v e s t i g a t i n g  t he  p r e s e n c e  o f  b u b b l e s  

d r i v i n g  e x c h a n g e  r a t e s ,  u s ing  a s ing l e  e q u a t i o n  mode l  b a s ed  on 

M a r k o v - s w i t c h i n g  r e g i m e s ,  r e s p e c t i v e l y .  F i na l l y ,  the  l as t  c ha p t e r  

e x a m i n e s  the  i m p a c t  o f  fo r e i g n  deb t  s ho ck s  on the  e x c h a n g e  ra t e  

u s ing  v e c t o r  a u t o r e g r e s s i o n  m o d e l l i n g .

To f i n i sh ,  it is i m p o r t a n t  to e m p h a s i s e  t ha t  thi s  s u r v e y  is 

j u s t  a pa r t  o f  the  d i s c u s s i o n  o f  e x c h a n g e  r a t e  b e h a v i o u r .  

P a r t i c u l a r l y ,  it d id  not  t ry to p r e s e n t  the  w h o l e  d e b a t e  wh i ch  

i n v o l v e s  m a ny  mo r e  t h e o r e t i c a l  and e m p i r i c a l  q u e s t i o n s .  The  c en t r a l  

o b j e c t i v e  was  to i n t r o d u c e  e s s e n t i a l  a s p e c t s  o f  r e l e v a n t  s t ud i e s  

ab ou t  e x c h a n g e  ra t e  b e h a v i o u r  t ha t  s u p p o r t s  the  r e s e a r c h  q u e s t i o n s  

d e v e l o p e d  in the  f o l l o w i n g  c hap t e r s .
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I n t r o d u c t i o n

The  l i t e r a t u r e  on e x c h a n g e  r a t e  e c o n o m i c s  o v e r  the  pas t  

t h r ee  d e c a d e s  has  w i t n e s s e d  m a n y  c o n t r o v e r s i a l  d e b a t e s  wi t h  r e s p e c t  

to the  mos t  a p p r o p r i a t e  m o de l  to be u s ed  in e m p i r i c a l  s t ud i e s .  A 

c o n s i d e r a b l e  n u m b e r  o f  s t ud i e s  in r e c en t  yea r s  has  d e v e l o p e d  more  

s o p h i s t i c a t e d  e c o n o m e t r i c  m e t h o d s ,  bu t  the  r e s u l t s  s t i l l  c o n t i n u e  to 

be at bes t  t e n t a t i v e  in e x p l a i n i n g  e x c h a n g e  r a t e  m o v e m e n t s .  In fac t ,  

m a n y  e m p i r i c a l  and t h e o r e t i c a l  s t ud i e s  have  b een  u n a b l e  to g ive  a 

c o n v i n c i n g  e x p l a n a t i o n  o f  e x c h a n ge  r a t e  m o v e m e n t s .  C o n s e q u e n t l y ,  

e x c h a n g e  ra t e  e c o n o m i c s  s t i l l  r e m a i n s  a c h a l l e n g i n g  f i e l d  for

r e s e a r c h e r s  [ see  F l o od  and Rose  (1999)  and Ro g o f f ,  ( 1999) ] .

P e r h a p s  one  o f  the  mos t  i m p o r t a n t  a r eas  o f  s t udy  on 

e x c h a n g e  r a t e s  is the  a b i l i t y  o f  e c o n o m i c  f u n d a m e n t a l s  to ex p l a i n  

e x c h a n g e  r a t e  b e h a v i o u r .  D e s p i t e  c o n s i d e r a b l e  r e s e a r c h  i npu t  and a 

p l e t h o r a  o f  e m p i r i c a l  r e s u l t s  for  a r ange  o f  c o u n t r i e s ,  the  r e su l t s  

l e ave  a n u m b e r  o f  i s sue s  u n r e s o l v e d .

Some  e m p i r i c a l  work  has  f o c u s s e d  on the a n a l y s i s  o f  the 

c o i n t e g r a t i n g  p r o p e r t i e s  b e t w e e n  n o m i n a l  e x c h a n g e  r a t e s  and

m o n e t a r y  f u n d a m e n t a l s  us ing  pa ne l  da t a  t e c h n i q u e s  [see ,  for

e x a m p l e ,  M a c D o n a l d  et al. ( 2003) ,  R a p a c h  and W o h a r  ( 2 00 4 ) ,  Mar k  

and Sul  ( 2 0 01 ) ,  G r o e n  ( 2000) ] .  The  r e s u l t s  s u g g e s t  some  s u p po r t  for  

the  v i e w t ha t  e c o n o m i c  f u n d a m e n t a l s  h a ve  l o n g - r u n  e f f e c t s  on the  

e x c h a n g e  ra t e .  H us t ed  and M a c D o n a l d  (1 9 9 8)  a l so  f ind e v i d e n c e  in 

f av ou r  o f  the  m o n e t a r y  m o de l  o f  the  e x c h a n g e  r a t e  us ing  m u l t i 

c o u n t r y  p an e l  da ta ,  a l l o w i n g  for  a l i mi t ed  a m o un t  o f  c r o s s - c o u n t r y  

h e t e r o g e n e i t y .  C u s h m a n  ( 2000) ,  on the  o t h e r  hand ,  us ing  the

J o h a n s e n  (1 99 1)  a p p r o a c h ,  c o n c l u d e s  t ha t  t he r e  is no s u p po r t  for  the  

m o n e t a r y  m o de l  in U S - C a n a d i a n  da ta  as the  c o i n t e g r a t i n g  

c o e f f i c i e n t s  d i f f e r  s i g n i f i c a n t l y  f rom t h o s e  p r e d i c t e d  by  the  t heory .
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R o g o f f  ( 1 9 99 )  s t a t es  t ha t  i n f l a t i o n  r a t e s  in d e v e l o p e d  

e c o n o m i e s  such  as the  Un i t e d  S t a t es ,  G e r m a n y  and J a p an  have  

t e n d e d  to c o n v e r g e  d o w n w a r d s  t o wa r ds  zero .  It is more  d i f f i c u l t  to 

i d e n t i f y  the  e f f ec t s  o f  m o n e t a r y  s ho ck s  on e x c h a n g e  ra t es .  In 

c o n t r a s t ,  d e v e l o p i n g  e c o n o m i e s  are h i s t o r i c a l l y  mo r e  l i k e ly  to 

p r e s e n t  weak  e c o n o m i c  f u n d a m e n t a l s  such  as e v e r - e x p a n d i n g  b u d g e t  

d e f i c i t s ,  h igh  i n f l a t i o n  ra t e s ,  l ow ra t e s  o f  e c o n o m i c  g r o wt h ,  exces s  

s u p p l y  o f  m o n e y  etc .  As such ,  the  m i s m a n a g e m e n t  o f  e c o n o m i c  

a g g r e g a t e s  is b e l i e v e d  to g e n e r a t e  d i r ec t  e f f ec t s  on e x c h a n g e  ra t e  

b e h a v i o u r  [see,  for  e x a m p l e ,  R o g o f f  ( 1 99 6 ) ,  B a h m a n i - O s k o o e e  and 

Kara  ( 2 0 00 ) ,  M o os a  (2000)  and C i v c i r  ( 20 0 2 ) ] .  Such a dv e r se  

e c o n o m i c  c i r c u m s t a n c e s  are  b e l i e v e d  to be a key  i n g r e d i e n t  in 

f a v o u r  o f  the  m o n e t a r y  a p p r o a c h  to e x c h a n g e  r a t e s 15.

T a b l e  3.1 d i s p l a ys  some  c o m p a r a t i v e  e c o n o m i c  f i gu r es  

b e t w e e n  d e v e l o p i n g  and  d e v e l o p e d  c o un t r i e s .  The  f igu r es  for  the  

i n f l a t i o n  r a t e  and b u d g e t  b a l a n c e  s u g ge s t  t ha t  d e v e l o p i n g  c o u n t r i e s  

are m o r e  s u b j e c t  to m o n e t a r y  s hocks  wh i ch  s h ou l d  i m p a c t  on 

e x c h a n g e  r a t e s .

Ta bl e  3.1 -  Some  E c o n o m i c  I n d i c a t o r s  for  D e v e l o p e d

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

and D e v e l o p i n g  C o u n t r i e s  1 9 7 5 - 2 0 0 0

Economic Indicators** Developed
Countries

Developing
Countries

Domest ic  Debt (%GDP) 34.1 45.7

Budget  Balance (%GDP) -2.9 -4.6

Economic Growth 2.7 3.4

Inf lat ion Rate (CPI) 6.8 34.1
S o u r c e :  W o r l d  B a n k  D a t a b a s e .
* T h e  f i g u r e s  b e l o n g  t o  c o u n t r i e s  u s e d  in t h i s  s t u d y .  
** P e r i o d  A v e r a g e s .

13 Bleaney et al. (1999) show that unit root models are more appropriate to model mean reversion in real 
exchange rates for high inflation countries.
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K r u g m a n  ( 1 9 91 )  p o in t s  out ,  on the  o t he r  hand ,  t ha t  the  e f f ec t  

o f  t a r ge t  z on e  r e g i m e s 16 on e x c h a n g e  r a t e s  may  be s t a b i l i s i n g ,  even  

t h o u g h  some  f r a c t i o n  o f  the  v o l a t i l i t y  o f  r e l e v a n t  ma r ke t  

f u n d a m e n t a l s  may  i m p a c t  on the  e x c h a n g e  ra t e .  Th u s ,  m o n e t a r y  

s ho ck s  m i g h t  g e n e r a t e  s ma l l e r  e f f ec t s  on the  e x c h a n g e  r a t e  unde r  

m a n a g e d  r e g i m e s .  F l oo d  and R ose  ( 1 99 5 )  r e i n f o r c e  thi s  a r g u m e n t  

and show t ha t  e x c h a n g e  ra t e  r e g i m e s  b a s ed  on pu r e  f l oa t s  are 

s u p p o s e d  to i n c r e a s e  e x c h a n ge  ra t e  v o l a t i l i t y  m o r e  t han  in m a n a g e d  

e x c h a n g e  ra t e  r e g i me s .  Th e y  d e m o n s t r a t e  t ha t  in m o n e t a r y  m o d e l s  

wi t h  f l e x i b l e  p r i c e s  the  c o n d i t i o n a l  v o l a t i l i t y  o f  f u n d a m e n t a l s  is 

s u b s t a n t i a l l y  h i g h e r  d u r i n g  p e r i o d s  o f  f l o a t i n g  e x c h a n g e  r a t e s  than  

d u r i n g  p e r i o d s  o f  f i xed  or m a n a g e d  e x c h a n g e  ra t e s .  E s s e n t i a l l y ,  thi s  

i mp l i e s  t ha t  f u n d a m e n t a l s  v o l a t i l i t y  is no t  be in g  t r a n s f e r r e d  onto  the 

e x c h a n g e  ra t e  in m a n a g e d  r e g im e s ,  and thus  it may  e x p e r i e n c e  more  

s t ab l e  b e h a v i o u r  ove r  t ime .

Thi s  c o m p l e x  d eb a t e  r a i s es  one  o f  the  s ix m a j o r  p u z z l e s  

in i n t e r n a t i o n a l  m a c r o e c o n o m i c s  p o s i t e d  by O b s t f e l d  and  R o g o f f  

( 20 00 b ) .  B a s i c a l l y ,  t he y  s t a t e  t ha t  no e c o n o m i c  mode l  is good  

e n o u g h  to g ive  an a c c u r a t e  e x p l a n a t i o n  o f  e x c h a n g e  r a t e  b e h a v i o u r .

The  p r e v i o u s  c h a p t e r  p r o v i d e d  a s e l e c t i v e  s u rv ey  o f  the  

t h e o r y  and e m p i r i c a l  e v i d e n c e  on e x c h a n g e  ra t e  d e t e r m i n a t i o n .  The  

goa l  o f  th i s  c h ap t e r  is to g ive  an a d d i t i o n a l  c o n t r i b u t i o n  on the 

a b i l i t y  o f  the  t r a d i t i o n a l  m o n e t a r y  a p p r o a c h  in d e t e r m i n i n g  n om i na l  

e x c h a n g e  r a t e  m o v e m e n t s .  In e s s e nc e ,  the  o b j e c t i v e  is to i n v e s t i g a t e  

the  e x i s t e n c e  o f  l o n g - r u n  r e l a t i o n s h i p s  b e t w e e n  n o m i n a l  e xc ha n ge  

ra t e s  and ba s i c  c o m p o n e n t s  o f  the  m o n e t a r y  m o d e l  us i ng  pa ne l  data  

t e c h n i q u e s  to o f f e r  t h r ee  r e l e v a n t  c o n t r i b u t i o n s .

16 A target zone regime differs from a fixed rate regime in allowing fairly wide range of variation for the 
exchange rate around some reference rate (see Williamson, 1985).
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The  f i r s t  c o n t r i b u t i o n  is thi s  s t ud y  i m p l e m e n t s  a 

c o m p a r a t i v e  s t udy  b e t w e e n  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  and 

e m e r g i n g  m a r k e t  e c o n o m i e s  us ing  pa ne l  da ta  to e x a m i n e  the 

e x p l a n a t o r y  p o w e r  o f  the  t r a d i t i o n a l  m o n e t a r y  a p p r o a c h  to e x c h a n g e  

r a t e  d e t e r m i n a t i o n .  The  ba s i c  idea  is t ha t  i n d u s t r i a l i s e d  m a r k e t  

e c o n o m i e s  are  c h a r a c t e r i s e d  by r o b u s t  m o n e t a r y  f u n d a m e n t a l s  and 

f r e e l y  f l o a t i n g  e x c h a n g e  ra t e ;  w h e r ea s  e m e r g i n g  m a r k e t  e c o n o m i e s  

p r e s e n t  w eak  m o n e t a r y  f u n d a m e n t a l s ,  bu t ,  in g e n e r a l ,  e x c h a n g e  ra te  

r e g i m e s  are  b a s e d  on c r a w l i n g  peg  ( m a n a g e d ) .  Th i s  c o n t r a s t i n g  

e c o n o m i c  c o n t e x t  ma y  r e ve a l  r e l e v a n t  d i f f e r e n c e s  and p r o v i d e  an 

i m p o r t a n t  c o n t r i b u t i o n  to the  l i t e r a t u r e .

The  a n a l y s i s  is c a r r i e d  out  t h r o u g h  r e c e n t l y  d e v e l o p e d  

p r o c e d u r e s  in pane l  da t a  for  the  d e t e c t i o n  o f  un i t  r o o t s  in t ime 

s e r i e s ,  as wel l  as for  i d e n t i f y i n g  the  e x i s t e n c e  o f  c o i n t e g r a t i n g  

r e l a t i o n s h i p s  b e t w e e n  v a r i a b l e s .  The  i m p l e m e n t a t i o n  o f  b o t h  these  

p r o c e d u r e s  c o n s t i t u t e s  the  s e c o n d  c o n t r i b u t i o n  o f  th i s  c h a p t e r  by 

a p p l y i n g  t hem d i s t i n c t i v e l y  to t he se  two g r ou p s  o f  e c o n o m i e s .  For  

p an e l  un i t  r oo t  d e t e c t i o n ,  in p a r t i c u l a r ,  two types  o f  t e s t s  are  used:  

Le v i n ,  Lin ,  and Chu  - LLC (2002)  and Im,  P e s a r a n  and Shin  - IPS 

( 2003) .  The  b a s i c  d i f f e r e n c e  b e t w e e n  the  LLC t e s t  and the  IPS t es t  

is t ha t  the  f o r m e r  is c h a r a c t e r i s e d  by c o n s t r a i n i n g  the  c o e f f i c i e n t  o f  

the  l a gg ed  v a r i a b l e  in the  ADF r e g r e s s i o n  to be h o m o g e n e o u s  ac r oss  

all  un i t s .  It  m e a n s  t ha t  the  on ly  r e l e v a n t  s ou r c e  o f  h e t e r o g e n e i t y  is 

the  u n i t - s p e c i f i c  f i xed  e f fec t .  The  IPS t e s t  is an e x t e n s i o n  o f  the  

LLC t e s t  a l l o w i n g  for  h e t e r o g e n e i t y  o f  the  c o e f f i c i e n t s  on the 

l a gg ed  v a r i a b l e s  and u s ing  the  g r o u p - m e a n  L a g r a n g e  m u l t i p l i e r  

(LM)  and  ¿ - s tuden t  s t a t i s t i c s  to t e s t  the  nul l  h y p o t h e s i s .  The  t es t s  

for  pa ne l  c o i n t e g r a t i o n ,  in t urn ,  are  b a s e d  on P e d r o n i  ( 1995 ,  1997,  

1999)  and  a s s u m e s  the  nul l  h y p o t h e s i s  o f  no c o i n t e g r a t i o n .  The  ma in  

a d v a n t a g e  o f  thi s  m e t h o d  is t ha t  it a l l ows  for  c o n s i d e r a b l e  

h e t e r o g e n e i t y  in the  p ane l .  The  h e t e r o g e n e i t y  in th i s  a p p r oa c h
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i n c l u d e s  the  p o s s i b i l i t y  o f  a s s u m i n g  h e t e r o g e n e o u s  s lope  

c o e f f i c i e n t s ,  f i xed  e f f e c t s  and  i n d i v i d u a l  s pec i f i c  d e t e r m i n i s t i c  

t r ends .  Al l  t e s t i n g  p r o c e d u r e s  are  a pp l i e d  d i s t i n c t i v e l y  to the  two 

se t s  o f  e c o n o m i e s .

The  th i r d  c o n t r i b u t i o n  is a s s o c i a t e d  wi t h  the  e s t i m a t i o n  

t e c h n i q u e ,  w h i c h  is b a s e d  on i m p o r t a n t  f i n d i n g s  p u b l i s h e d  i n i t i a l l y  

by R o b e r t s o n  and S y m o n s  ( 1992) ,  l a t e r  by P e s a r a n  and S mi th  (1995)  

and  d e e p e n e d  by  Im,  P e s a r a n  and Smi th  ( 1996) .  T h e s e  a u t ho r s ,  

b a s i c a l l y ,  s h o w e d  the i n c o n s i s t e n c y  o f  e s t i m a t e s  p r o d u c e d  by  p o o l e d  

or a g g r e g a t e d  da ta  whe n  the c o n t e x t  is s t r o n g l y  h e t e r o g e n e o u s .  As 

th i s  i n c o n s i s t e n c y  can l ead  to s pu r i o u s  r e g r e s s i o n s ,  the  use  o f  g roup  

me an  e s t i m a t o r s  is r e c o m m e n d e d .  Th i s  p r o c e d u r e  a ims ,  

f u n d a m e n t a l l y ,  at  e l i m i n a t i n g  the b ias  c au s ed  by the c o v a r i a n c e  

b e t w e e n  the e r r o r  t e rm and r e g r e s s o r s  by  a v e r a g i n g  a c r o s s  g r oups .  

The  p o o l e d  me an  g r oup  ( P MG )  e s t i m a t o r  d e v e l o p e d  by P e s a r a n ,  Shin 

and Smi th  ( 1 9 99 ) ,  a d o p t e d  in th i s  c ha p t e r ,  o f f e r s  thi s  f a c i l i t y  and 

ma y  o v e r c o m e  p r o b l e m s  o f  i n c o n s i s t e n t  e s t i m a t e s .  Thi s  e s t i m a t o r  

o f f e r s  c o n s i d e r a b l e  f l e x i b i l i t y  b e in g  a p p r o p r i a t e  to a h e t e r o g e n e o u s  

pa ne l  e n v i r o n m e n t  and can mode l  n o m i n a l  e x c h a n g e  ra t e  m o v e m e n t s  

s u c c e s s f u l l y .  The  o b j e c t i v e  is e s s e n t i a l l y  to g e n e r a t e  u n b i a s e d  and 

c o n s i s t e n t  e s t i ma te s .  A l t h o u g h  PMG a s s u m e s  the l o n g - r u n  

c o e f f i c i e n t s  to be the  same ,  its s t a t i s t i c a l  p r o p e r t i e s  a l l ow the 

i n t e r c e p t ,  s h o r t - r u n  c o e f f i c i e n t s  and e r r o r  v a r i a n c e s  to d i f f e r  f r ee ly  

a c r o s s  uni t s .  F u r t h e r m o r e ,  thi s  e c o n o m e t r i c  m e t h o d  a l so  p r o v i d e s  an 

a d d i t i o n a l  a d v a n t a g e  in c o m p a r i s o n  wi t h  the m e a n  g r o u p  (MG)  

e s t i m a t i o n  by a l l o w i n g  tha t  c e r t a in  p a r a m e t e r s  are t he  same  ac r oss  

un i t s  [ see  P e s a r a n  and Smi th  (1 9 95 )  for  more  d e ta i l s ] .

The  e c o n o m e t r i c  e s t i m a t i o n  p r o c e d u r e  a d o p t e d  in thi s  

c h a p t e r  is a l so  s u p p o r t e d  by r e s u l t s  p r o v i d e d  in P h i l l i p s  and Moon  

( 1 99 9)  and Kao ( 1999) .  T h e s e  r e su l t s  r e ve a l  t ha t  some  pane l  

d a t a s e t s  made  o f  r e a s o n a b l e  N  ( n u m b e r  o f  g r o u p s )  and  T  ( l e n g t h  o f
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the  s a m p l e  p e r i o d )  can p r o d u c e  c o n s i s t e n t  e s t i m a t e s  o f  l o n g - r u n  

a v e r a g e  p a r a m e t e r s  even  i f  pa ne l  t ime  se r i es  are  not  c o i n t e g r a t e d  

[ e r r o r  p r o c e s s  1(1)] R o u gh l y ,  P h i l l i p s  and M oo n  (1 9 9 9)  s t a t e  t ha t  

the  e s t i m a t i o n  o f  a l o n g - r u n  r e l a t i o n  a m on g  v a r i a b l e s  is f ea s i b l e  

even  for  c ase s  wh e re  the  use  o f  the  pu r e  t i me  se r i e s  d i m e n s i o n  a lone  

s u g g e s t s  t ha t  the r e g r e s s i o n  ma y  be s p u r io u s .  The  u n d e r l y i n g  

i n t u i t i o n  is t ha t  the  i n t r o d u c t i o n  o f  a c r o s s - s e c t i o n  d i m e n s i o n ,  as 

we l l  as the  a v e r a g i n g  ac r os s  g r o u p s ,  r e du c e s  the  no i s e  in the  

r e l a t i o n s h i p ,  t ha t  is, the  p o t e n t i a l  c o v a r i a n c e  b e t w e e n  the e r r o r  t e rm 

and r e g r e s s o r s .  Thus ,  even  i f  no c o i n t e g r a t i o n  v e c t o r s  are fo u n d  due 

to,  for  i n s t a nce ,  the  p r e s e n c e  o f  b u b b l e s ,  t he se  e s t i m a t o r s  wi l l  s t i l l  

p r o v i d e  c o n s i s t e n t  e s t i m a t e s  o f  l o n g - r u n  e l a s t i c i t i e s .

F o u r  r e c e n t  s t ud i e s  a na l ys e  the  m o n e t a r y  a p p r o a c h  to the 

n o m i n a l  e x c h a n g e  ra t e  us i ng  pa ne l  da ta  t e c h n i q u e s .  The f i r s t  one,  

d e v e l o p e d  by G r o e n  ( 2 0 00 ) ,  a pp l i e s  OLS and  a s s u m e s  h o m o g e n e i t y  

for  the  m o n e y  s u pp l y  and o u t p u t  c o e f f i c i e n t s .  G ro e n  uses  d u m m y  

v a r i a b l e s  to c ap t u r e  l evel  c h an g e s  and e m p lo y s  the  Lev i n  and Lin 

( 1 9 93 )  pane l  uni t  roo t  t e s t  t ha t  i mp l i e s  h o m o g e n e i t y  in the  ADF 

r e g r e s s i o n  p a r a m e t e r s .  The  s e c o nd  s t udy  o f  Ma r k  and Sul  (2001)  

uses  a pa ne l  d y n a m i c  OLS e s t i m a t o r  in wh i c h ,  by c o n s t r u c t i o n ,  has  

i n d i v i d u a l - s p e c i f i c  or t i m e - s p e c i f i c  e f f e c t s ,  bu t  s l ope  c o e f f i c i e n t s  

are h o m o g e n e o u s  ac r os s  g ro u p s .  R a p a c h  and W o h a r  ( 2 00 4 )  ma ke  an 

e x t e n s i v e  i n v e s t i g a t i o n  o f  the  l o n g - r u n  m o n e t a r y  m o d e l  o f  e xc ha n ge  

ra t e  d e t e r m i n a t i o n  on a c o u n t r y - b y - c o u n t r y  and pa ne l  da ta  b a s i s  for  

a l a rge  n u m b e r  o f  i n d u s t r i a l i s e d  c o un t r i e s .  T h e y  o n l y  f i nd  c l ea r  

e v i d e n c e  in f a v ou r  o f  the  m o n e t a r y  mode l  u s ing  pane l  p r o c e d u r e s ,  

and a s s u m i n g  h o m o g e n e i t y  o f  c o i n t e g r a t i n g  c o e f f i c i e n t s .  F i na l l y ,  

M a c D o n a l d  et al.  ( 2 0 03 )  d e ve l o p  a pa ne l  da t a  s tudy  for  s ix  s e l ec t ed  

C en t r a l  and Ea s t e r n  c o u n t r i e s  wi th  h e t e r o g e n e o u s  e x c h a n g e  ra te  

r e g i m e s  and show tha t  the  m o n e t a r y  m o d e l  o f  e x c h a n g e  ra t es  

p r o v i d e s  an a c c e p t a b l e  e x p l a n a t i o n  o f  e x c h a n g e  ra t e  b e h a v i o u r .
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W hi l e  us ing  the s t a n d a rd  m o n e t a r y  m o d e l  o f  e x c h a n ge  

r a t e s ,  the  i n v e s t i g a t i o n  s t r a t eg y  o f  th i s  c h a p t e r  d i f f e r s  f r om these  

c i t e d  s t ud i e s  by  a l l o w i n g  for  e i t he r  h o m o g e n e i t y  or  h e t e r o g e n e i t y  

for  pa ne l  un i t  roo t  and p a ne l  c o i n t e g r a t i o n  t e s t s  a c r o s s  uni t s .  

H e t e r o g e n e i t y  is a s s u m e d  for  the  s h o r t - r u n  c o e f f i c i e n t s  and

h o m o g e n e i t y  for  the l o n g - r u n  c o e f f i c i e n t s  a c r o s s  uni t s .  F u r t h e r m o r e ,  

the  s am p l e  o f  c o u n t r i e s  s amp l e  in th i s  s tudy  is b a s e d  on 

h o m o g e n e o u s  e x c h a n g e  ra t e  r e g i m e s  a c c o r d i n g  to the  c r i t e r i o n

p r o v i d e d  by R e i n h a r t  and R o g o f f  ( 2002) .  The  a n a l y s i s  for

i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  is b a s e d  on f r ee l y  f l o a t i ng

e x c h a n g e  ra t e  r e g i m e s ,  w h e r e a s  for  e m e r g i n g  m a r k e t  e c o n o m i e s  is 

b a s e d  on m a n a g e d  e x c h a n g e  r a t e  r eg i me s .

In s u m ma r y ,  th i s  c h a p t e r  is s t r u c t u r e d  into f ive  d i s t i n c t  

s e c t i o n s .  S e c t i on  3.1 o u t l i n e s  the  ma in  f e a t u r e s  o f  the  t h e o r e t i c a l  

mode l  u n d e r l y i n g  the  e m p i r i c a l  a na ly s i s .  S ec t i on  3.2 d e s c r i b e s  the  

s t a t i s t i c a l  da ta ,  v a r i a b l e s  used  and s ou r c es .  S ec t i on  3.3 p r e s e n t s  a 

t h e o r e t i c a l  o v e r v i e w  o f  the  pa ne l  uni t  roo t  t es t ,  p a ne l  c o i n t e g r a t i o n  

t es t  and the  e s t i m a t i o n  m e t h o d  as we l l  as the  e m p i r i c a l  r e su l t s .  

F i n a l l y ,  S ec t i on  3.4 p r e s e n t s  the  c o n c l u s i o n s .

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

3.1 - T h e o r e t i c a l  Mode l

A c c o r d i n g  to the  e c o n o m i c  l i t e r a t u r e ,  the  f l e x i b l e - p r i c e  

m o n e t a r y  a p p r o a c h ,  as o r i g i n a l l y  d e v e l o p e d  by F r en k e l  ( 1976) ,  

M u ss a  ( 1976) ,  J o h n so n  ( 1 9 77 )  and B i l s o n  ( 1 9 7 8) ,  a s s u m e s  the 

q u a n t i t y  t h e o r y  o f  m o n e y  and PPP c o n d i t i o n  as the  b u i l d i n g  b l oc ks  

for  d e v e l o p i n g  e c o n o m i c  m o d e l s .  A l t h o u g h  the  f l e x i b l e - p r i c e  

m o n e t a r y  m o de l  was  the  d o m i n a n t  mode l  in t ha t  p e r io d ,  it r a p i d l y  

g a i n e d  u n p o p u l a r i t y  due  to i ts p o o r  e m p i r i c a l  p e r f o r m a n c e  in 

e x p l a i n i n g  e x c h a n g e  r a t e  d e t e r m i n a t i o n .  Thi s  w e a k n e s s  led to the
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d e v e l o p m e n t  o f  the s t i c k y - p r i c e  or  o v e r s h o o t i n g  e x c h a n g e  ra te  

m o de l  o f  D o r n b u s c h  ( 1976) .  The  ba s i c  d i f f e r e n c e  b e t w e e n  the 

s t i c k y - p r i c e  and f l e x i b l e - p r i c e  m o d e l s  is r e l a t ed  to the  a s s u m p t i o n  

o f  c o n t i n u o u s  f u l f i l m e n t  o f  the  PPP c o n d i t i o n .  Wh i l e  for  the  

f l e x i b l e - p r i c e  a s s u m p t i o n ,  the PPP c o n d i t i o n  is me t  c o n t i n u o u s l y ,  

for  the  s t i c k y - p r i c e  case  thi s  c o n d i t i o n  is on ly  f u l f i l l e d  s l o wl y  in 

the  l ong  run ,  g e n e r a t i n g  the  we l l  k n o w n  e x c h a n g e  r a t e  o v e r s h o o t i n g  

r e s u l t .  N e v e r t h e l e s s ,  th i s  is a c o n t r o v e r s i a l  i s sue  as t he re  are  a 

s i g n i f i c a n t  n u m b e r  o f  s tud i e s  p u b l i s h e d  on m o n e t a r y  m o d e l s  o f  

e x c h a n g e  r a t e  d e t e r m i n a t i o n  wh i c h  make  use  o f  e i t he r  f l e x i b l e - p r i c e  

or  s t i c k y - p r i c e  a s s u m p t i o n s  (see  Sa rno  and T a y l o r ,  2002) .  Thi s  

c h a p t e r  uses  t h r e e  d i f f e r e n t  m o n e t a r y  mode l  v e r s i o n s  in w h i c h  the 

e x c h a n g e  r a t e  d e t e r m i n a n t s  are a n a l y s e d  in f l e x i b l e - p r i c e  f o r m a t 17. 

N o t e  t ha t  s i m i l a r  t h e o r e t i c a l  f r a m e w o r k s  were  used  by F r anke l  

( 1 97 9) ,  C u s h m a n  ( 2000) ,  Mar k  and Sul  ( 2 00 1 ) ,  G ro e n  ( 2 00 0 ) ,  G ro e n  

( 2 00 2) ,  Rap ac h  and W o h ar  ( 2 0 04 )  to c i t e  a few.  Th i s  a p p r o a c h  can 

al so be found  in O b s t f e l d  and R o g o f f  ( 1 99 6 ) ,  H a i l w o o d  and 

M a c D o n a l d  ( 2 0 00 )  and  Sa rno  and T a y l o r  (2002) .

The  s t r a t e g y  o f  th i s  c h a p t e r  is to b e g in  f rom a s i mp l e  

f l e x i b l e - p r i c e  m o n e t a r y  mode l  and a s s u me  a s y mm e t r i c  t r e a t m e n t  

b e t w e e n  d o m e s t i c  and f o r e i gn  c o un t r i e s .  As usua l ,  the  e x c h a n g e  ra te  

is d e f i n e d  as the  r e l a t i v e  p r i ce  o f  two m o n i e s .  A b r i e f  d e s c r i p t i o n  o f  

the  f l e x i b l e - p r i c e  m o n e t a r y  mode l  in d i s c r e t e  t i me  is p r e s e n t e d  as 

f o l l o w s 18:

™,= p,+Kyt - 6 i, ( 3 . 1 . 1 )

m: = p t + K *y-e ' i ' t ( 3 . 1 . 2 )

17 The introduction of a sticky-price framework within the flexible-price monetary model aims, on the one 
hand, at taking into account deviations from the PPP condition, and the other hand inserting a mechanism 
which reflects the short-run behaviour of the exchange rate determined by expectations of the long-run 
inflation rate differential. This procedure is not adopted in this chapter.
18 Note that all variables are in the logarithm form except the interest rate.
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e q u a t i o n s  (3 . 1 . 1 )  and (3 . 1 . 2 )  r e p r e s e n t  the  m o n e t a r y  e q u i l i b r i u m  for 

b o th  d o m e s t i c  and  f o r e i g n  c o un t r i e s ,  in wh i c h  m, d e no t e s  the  m o n e y  

s up p l y ,  pt the  p r i c e  l eve l ,  y t the  i nc ome  l eve l  and i the  i n t e r e s t  

ra te .

As  the  PPP c o n d i t i o n  is a s s u m e d  to h o l d  c o n t i n u o u s l y  

( f l e x i b l e  p r i c e  c o n t e x t ) ,  it i mp l i e s  t ha t  m o v e m e n t s  in the  e xch a ng e  

r a t e  mus t  be d i r e c t l y  p r o p o r t i o n a l  to m o v e m e n t s  in p r i c e s  in bo th  

the  shor t  run and the  long  run,  t ha t  is:

s , = P - P ,* (3 . 1 . 3 )

G i v e n  the m o n e t a r y  e q u i l i b r i u m  e x p r e s s e d  by  ( 3 . 1 . 1 ) ,  

( 3 . 1 . 2 )  and the PPP c o n d i t i o n  d e no t e d  by  ( 3 . 1 . 3 ) ,  and i f  the  m o n e y  

s up p ly  d e t e r m i n e s  the  p r i ce  l eve l ,  a c c o r d i n g  to the  q u a n t i t y  t h e o r y  

o f  mo n ey ,  t he n  i n d i r e c t l y  the  n o m i n a l  e x c h a n g e  ra t e  is a l so 

d e t e r m i n e d  by the r e l a t i v e  m o n e y  s upp l y ,  or  the  m o n e y  s u pp l y  

d i f f e r e n t i a l ,  r e p r e s e n t e d  by:

s, -  (m, ~ m*) ~ (Ky, ~ K*y,) + (oit - 0"i,) + e (3 . 1 . 4 )

E q u a t i o n  in (3 . 1 . 4 )  is c a l l ed  the  f u n d a m e n t a l  e q u a t i o n  o f  

the  e x c h a n g e  r a t e  for  the  f l e x i b l e - p r i c e  m o n e t a r y  mo d e l .  A s s u m i n g ,  

for  s i m p l i c i t y ,  t ha t  the  i nc ome  e l a s t i c i t i e s  and i n t e r e s t  r a t e  s e m i 

e l a s t i c i t i e s  o f  m o n e y  d e m a n d  do not  d i f f e r  s i g n i f i c a n t l y  b e t w e e n  

c o u n t r i e s  ( k = k and 6 = Q*), t hen  e q u a t i o n  (3 . 1 . 4 )  t akes  the  f o l l o w i n g  

form:
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S, -  ( m t - m t ) - K { y t - y t) + 0 ( i t - h )  + e. (3 . 1 . 5 )

E q u a t i o n  (3 . 1 . 5 )  d e n o t e s  the  l o n g - r u n  e q u a t i o n  for  

e x c h a n g e  r a t e  d e t e r m i n a t i o n ,  and the e f f ec t s  o f  m, y  and  i can be 

e x p l a i n e d  by t a k i n g  in to  a c c o u n t  the  e c o n o m i c  a g e n t s ’ e x p e c t e d  

b e h a v i o u r .  No t e  t ha t  the  u n c o v e r e d  i n t e r e s t  r a t e  p a r i t y  - UI RP  

c o n d i t i o n  (Aest+l=i ,-i*)  does  not  h o l d  in e q u a t i o n  ( 3 . 1 . 5 ) 19. Thus ,  an

i n c r e a s e  in the  d o m e s t i c  m o n e y  s t ock  l eads  m a r k e t  ag en t s  to spend  

f u r t h e r  on g oo d s  and s e r v i c e s  and d r i ve s  p r i c e s  up.  A s s u m i n g  tha t  

the  PPP c o n d i t i o n  a l way s  ho l ds ,  the  e x c h a n g e  r a t e  is e x p e c t e d  to 

d e p r e c i a t e  as a c o n s e q u e n c e  o f  h i g h e r  m o n e y  s t ock  and p r i ce  l evel .  

Th i s  d e p r e c i a t i o n  is p r o p o r t i o n a l  and m e a n s  t ha t  the  c o e f f i c i e n t  on

[mt - m t j e qu a l s  one  i f  the  m o n e t a r y  m o d e l  ho lds .  In c o n t r a s t ,  g iven

the  d o me s t i c  m o n e y  s tock ,  a h i g h e r  r ea l  d o m e s t i c  i n c o me  level  

i mp l i e s  a c o r r e s p o n d i n g  i n c r e a s e  in m o n e y  d e m an d ,  and a d e c r e a s e  

in the  p r i c e  l eve l  is r e q u i r e d  to m a i n t a i n  the  m o n e t a r y  e q u i l i b r i u m .  

In th i s  case  t he re  wi l l  be an a p p r e c i a t i o n  o f  the  e x c h a n g e  ra te .

The  s ign on the i n t e r e s t  r a t e  d i f f e r e n t i a l  c o e f f i c i e n t  in

( 3 . 1 . 5 )  r e f l e c t s  the  p r i ce  r e g im e  in w h i c h  the  c o u n t r y  is o p e r a t i n g .  A 

s t a t i s t i c a l l y  s i g n i f i c a n t  p o s i t i v e  c o e f f i c i e n t  on the  i n t e r e s t  ra te  

d i f f e r e n t i a l  r e v e a l s  t ha t  the  p r i ce  r e g im e  is b a s e d  on f l e x i b l e  p r i c e s .  

It s u p po r t s  a f l e x i b l e - p r i c e  c o n t e x t  as the  e x c h a n g e  r a t e  is a f f e c t e d  

p o s i t i v e l y  by d o m e s t i c  p r i c e  l eve l  c han g e s .  On the  o t he r  hand ,  i f  a 

s t a t i s t i c a l l y  s i g n i f i c a n t  n e g a t i v e  c o e f f i c i e n t  on the  i n t e r e s t  r a te  

d i f f e r e n t i a l  is found ,  then  the  c o n c l u s i o n  f a v ou r s  a s t i c k y - p r i c e  

c on tex t .  The  n e g a t i v i t y  o f  thi s  c o e f f i c i e n t  i m p l i e s  t ha t  the  e x c h a n g e  

ra t e  is d e t e r m i n e d  by m o n e t a r y  p o l i c y  c h a n g e s  and the s t i ck y  p r i ce

19 The uncovered interest rate parity (UIRP) condition may not hold in presence of market frictions and 
extraneous noises not associated to exchange rate fundamentals.
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r e g i m e  h o l ds  ( see  F r a n k e l ,  1979) .  B a s i c a l l y ,  the  idea  is tha t  a 

p o s i t i v e  s ign  on the i n t e r e s t  r a t e  d i f f e r e n t i a l  c o e f f i c i e n t  i mp l i e s  the 

e x c h a n g e  ra t e  d e p r e c i a t e s  as a r e su l t  o f  r i ses  in the  d o m e s t i c  p r i c e  

l eve l .  When  the  d o m e s t i c  p r i ce  l eve l  i n c r e a s e s  the  r ea l  m o n e y  

s u p p l y  d e c r e a s e s  and the  home  n o m i n a l  i n t e r e s t  ra t e  i n c r e a s e s  

r e l a t i v e  to the  i n t e r e s t  r a t e  ab road .  I f  the  e x c h a n g e  ra t e  d e p r e c i a t e s  

at the  same  p r o p o r t i o n  to the  r i se  in p r i c e s  the  f l e x i b l e  p r i ce  r e g i me  

h o l ds  ( C h i c a g o  Th e o r y ) .  On the o t he r  h and ,  a n e g a t i v e  s ign  on the 

i n t e r e s t  r a te  d i f f e r e n t i a l  c o e f f i c i e n t  i mp l i e s  the  e x c h a n g e  ra t e  

a p p r e c i a t e s  as r e su l t  o f  a t i gh t  m o n e t a r y  p o l i c y  and a s t i c k y  p r i ce  

r e g im e  t a kes  p l a ce .  The  r i se  in the  home  i n t e r e s t  r a t e  r e l a t i v e  to the 

a b r oa d  one due  a t i gh t  m o n e t a r y  p o l i c y  l eads  to an i n c r e a s e  in 

cap i t a l  i n f l o w  and  a c o n s e q u e n t  e x c h a n g e  r a t e  a p p r e c i a t i o n  at l eas t  

in the  sho r t  run.  I f  p r i c e s  are s t i cky  in the  sho r t  run,  t hen  a t i gh t  

m o n e t a r y  p o l i c y  does  no t  l ead  an i n s t a n t a n e o u s  fal l  in the  p r i ce  

l eve l  and  the  rea l  m o n e y  s up p l y  r e m a i n s  u n c h a n g e d .  The  i n c r e as e  in 

the  i n t e r e s t  r a t e  g e n e r a t e s  an e x c h a n g e  r a t e  a p p r e c i a t i o n  ( K e y n e s i a n  

a p p r o a c h ) .

A r e s t r i c t e d  v e r s i o n  o f  the  m o n e t a r y  a p p r o a c h  can st i l l  

be d e r i v e d  i f  the  UI RP  c o n d i t i o n  ho lds .  Thus ,  the  UI RP  c o n d i t i o n  

can  be i n v o k e d  f r om e qu a t i o n  ( 3 . 1 . 5 ) ,  t ha t  is:

r+1 (3 . 1 . 6 )

w he r e  the  e x p e c t e d  c h an g e  in the  e x c h a n g e  r a t e  ( A es )  is

p r o p o r t i o n a l  to the  n o m i n a l  i n t e r e s t  r a t e  d i f f e r e n t i a l .  E q u a t i o n  

(3 .1 .5 )  can be s u i t ab l y  r e a r r a n g e d  as f o l l ows :
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s, - (1  + #) {mt - m , ) ~  k{\ + 0) [ y , - y t) +d(l + 6 ) s‘+\ +et ( 3 . 1 . 7 )

A p p l y i n g  the r a t i on a l  e x p e c t a t i o n s  s o lu t i o n  to (3 .1 .7 )  

g e n e r a t e s  the  f o l l o w i n g  r e p r e s e n t a t i o n :

‘* ''- ( 1 + 60 X  7 7 7  E ' (wi+i-m*+i) - ^ ( y (+, - y , +,) +s,  ( 3 .1 .8 )

w he r e  £, = <t>\_E,(si+i~s,)~\ +e, ■ I f  no b u b b l e s  are  p r e s e n t  in the

s t o c h a s t i c  p r o c e s s  t hen  £•,—»/ ( 0 ) .  Th i s  me a n s  t ha t  t he r e  is a

f u n d a m e n t a l  s o lu t i on .  E q u a t i o n  (3 . 1 . 8 )  c o n s t i t u t e s  a s e c on d  v e r s i on  

o f  e q u a t i o n  ( 3 . 1 . 5 )  a s s u m i n g  t ha t  the  U IR P c o n d i t i o n  ho lds .

F i n a l l y ,  f rom e q u a t i o n  (3 . 1 . 5 )  and f o l l o w i n g  F r anke l  

( 1 97 9) ,  it is a l so  p o s s i b l e  to d e r i ve  a t h i r d  v e r s i o n  b a s e d  on the 

h y p o t h e s i s  o f  PPP c o n d i t i o n  ho l ds  in the  l ong  run.  The  t h i r d  v e r s i o n  

c o n s i d e r s  the  use  o f  i n f l a t i o n  e x p e c t a t i o n s  by m a r k e t  ag en t s  to 

d e no te  a s e c o n d  f u n d a m e n t a l  a s s u m p t i o n .  It a s s u m e s  tha t  e xp ec t e d  

c h an g es  in the  e x c h a n g e  ra t e  are a f u n c t i o n  o f  the  gap b e t w e e n  the 

c u r r e n t  e x c h a n g e  ra t e  and its l o ng - r u n  e q u i l i b r i u m  v a l ue  p l u s  the 

e x p e c t a t i o n s  ab o u t  d o m e s t i c  and a br oa d  i n f l a t i o n  r a t e s .  In p r a c t i c e ,  

the  v e r s i o n  c o n s i s t s  o f  i n t r o d u c i n g  the  e x p e c t e d  i n f l a t i o n  ra te  

d i f f e r e n t i a l  -#*)  in (3 . 1 . 5 )  and e x a m i n i n g  the  s t a t i s t i c a l

s i g n i f i c a n c e  o f  its p a r a m e t e r .  The  o b j e c t i v e  o f  i n t r o d u c i n g  the 

e x p e c t e d  i n f l a t i o n  ra t e  is to t e s t  i f  the m o d e l  is a l o n g - r u n  m o d e l  or 

a s h o r t - r u n  mode l .  Th i s  p r o c e d u r e  can i n i t i a l l y  be d e r iv e d  by t ak i ng  

the  e x p r e s s i o n  as fo l l ows :
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Ae5 = - ^ ( 5 - 5  ) + 7 r - n (3 . 1 . 9 )

w he r e  n  and n  are  the  c u r r e n t  e x p e c t a t i o n s  o f  l o n g - r u n  i n f l a t i o n  

r a t e s  at h ome  and a b r o a d ,  r e s p e c t i v e l y .  E q u a t i o n  (3 . 1 . 9 )  m e a n s  tha t  

e x p e c t e d  c h a n g e s  in the  e x c h a n g e  ra t e  m u s t  be p r o p o r t i o n a l  to the 

c u r r e n t  gap in the  sho r t  r u n ( 5 - j  ) ,  and once  y = j  in the  l ong  run,  

the  e x p e c t e d  c han g e  m u s t  be p r o p o r t i o n a l  to the  e x p e c t e d  l o n g - r u n  

i n f l a t i o n  ra t e  d i f f e r e n t i a l ^

S u b s t i t u t i n g  the  UI RP  c o n d i t i o n  into e q u a t i o n  (3 . 1 . 9 )  

and  r e a r r a n g i n g ,  the  f o l l o w i n g  r e s u l t  is o b t a i ne d :

s ~s -~<P 1 [(/ ~n  ) - (/*_ n )\ ( 3 .1 . 1 0 )

E q u a t i o n  ( 3 . 1 . 10 )  d e f i n es  the  e x c h a n g e  ra t e  gap as a 

f u n c t i o n  o f  the  real  i n t e r e s t  ra t e  d i f f e r e n t i a l .  Thus ,  in the  l o n g - r un ,  

w he n  s, = Ji ,  t hen  = w he r e  i and J * d e n o t e  the  l o n g - r u n

i n t e r e s t  r a t e s .  G i v en  tha t  the  p u r c h a s i n g  p o w e r  p a r i t y  (PPP)  

c o n d i t i o n  ho l ds  c o n t i n u o u s l y  and (/ -  i *) = {n — n*) , the  e x p r e s s i o n  for  

the  l o n g - r u n  e x c h a n g e  r a t e  (3 . 1 . 5 )  can a l t e r n a t i v e l y  be d e f in e d  as 

f o l l ows :

s = p ~ p '

J  = (m ~ m ) ~ ~ y  ^+0(71 -  7r ) + e ( 3 . 1 . 11 )

- 7 3  -



I f  it  is a l so  a s s u m e d  tha t  the  e q u i l i b r i u m  m o n e y  s u pp l y  

and i n c o m e  l eve l s  are d e f in e d  by t he i r  c u r r e n t  l eve l s ,  e qu a t i o n  

( 3 . 1 . 1 1 )  can be i n t r o d u c e d  into ( 3 . 1 . 10 )  to o b t a i n  the  f o l l o w i n g  f ina l  

e q ua t i on :
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5 -  (m - m ) ~  * { y  ~y ) ~<p  ' (i ~i ' )  + (<P ! + ̂ ) ( ^  ~n*)  + e ( 3 .1 . 1 2 )

From e q u a t i o n  (3 . 1 . 12 )  two c o n c l u s i o n s  can be d rawn.  

F i r s t l y ,  <p~' is e x p e c t e d  to be s i g n i f i c a n t l y  n e g a t i v e  for  a s t i cky-

p r i ce  r e g i me  to ho l d  and ((p~' + 6 ) wi l l  equa l  zero .  S e c o n d l y ,  <p~' is 

e x p e c t e d  to be s i g n i f i c a n t l y  p o s i t i v e  for  a f l e x i b l e - p r i c e  r e g i m e  to 

ho l d  and + wi l l  equa l  z e r o 20.

The  e q u a t i o n s  set  ou t  in ( 3 .1 . 5 ) ,  ( 3 . 1 . 8 )  and (3 . 1 . 12 )  

c o m p r i s e  the  e c o n o m i c  m o d e l s  i n v e s t i g a t e d  in th i s  chap t e r :

Model I : ner = S\ (m - m*) —Si ( y -y * )  + e

Model II : ner -  S\ (m - mt) -  § 2 ( y - y * )  + S 3 ( i f -  ir*) + e

Model III : ner = ¿>, (m - m*) -  Si ( y -y * )  + S 3 (ir -  ir*) + S 4 (it-iz*) + e

wi t h  ^ 1 = l , ^ 2 = / c<0,  ^ 3 = ^~1> 0 f o r  the  f l e x i b l e - p r i c e  r e g im e

and < 0 for  the  s t i c k - p r i c e  r eg ime ,  and S 4 - [ ( p X + d^ = 0 .

20 Note that {<p 1 + y) is expected to equal zero as the exchange rate should be entirely determined by 
monetary shocks in the long run. The statistical non-significance of this coefficient implies market 
participants have already incorporated the long run inflation rate into their expectations, and thus the 
equation 3.1.5 is empirically confirmed as the long-run equation for the exchange rate determination.
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3.2 - Data

The  da t a  are c o l l e c t e d  f rom the  I n t e r n a t i o n a l  F i n a nc i a l  

S t a t i s t i c s  p r o v i d e d  by  the  I n t e r n a t i o n a l  M o n e t a r y  Fu n d  wi t h  e nd - o f -  

q u a r t e r  p e r i o d i c i t y .  T h e y  c o n s i s t  o f  two da ta  sets :  a t e n - c o u n t r i e s  

set  for  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  and a s e v e n - c o u n t r i e s  set  

for  e m e r g i n g  m a r k e t  e c o n o m i e s .  The  bas i c  c r i t e r i o n  to se l ec t  

c o u n t r i e s  was  b a s e d  on a v e r a ge  i n f l a t i o n  r a t e  and e x c h a n g e  ra te  

r e g i m e s  t a k in g  into a c c o u n t  da t a  a v a i l a b i l i t y  and l a r ge  e x c h a n g e  

r a t e  ba nd s  for  m a n a g e d  r e g im e s .  For  the  g r o u p  o f  i n d u s t r i a l i s e d  

m a r k e t  e c o n o m i e s  the  p e r i o d  e x t en d s  f rom 1980:1 to 1998:4  as f rom 

1999:1 o n w a r d s  a s ing l e  c u r r e n c y  s ys t e m ( Eur o )  was  in p l ace .  For  

the  e m e r g i n g  m a r k e t  e c o n o m i e s  the  da t a  e x t e n d s  f rom 1992:1 to 

2 0 0 2 :2  w he n  the n o n - f i x e d  e x c h a n g e  ra t e  s er i es  for  m o s t  c o u n t r i e s  

are  a v a i l ab l e .  P a r t i c u l a r l y ,  for  e m e r g i n g  m a r k e t  e c o n o m i e s ,  the  

s amp l e  p e r i o d  is a s s o c i a t e d  wi th  the  n eed  to c o n d u c t  the  a n a l y s i s  for  

a n o n - f i x e d  e x c h a n ge  ra t e  r eg i me .  The  e x c h a n g e  r a t e  r e g i m e  f o l l ows  

the c l a s s i f i c a t i o n  p r o v i d e d  by R e i n h a r t  and  R o g o f f  ( 2 00 2 ) .  The  

s e l e c t e d  e m e r g i n g  m a r k e t  e c o n o m i e s ,  e xce p t  Ch i l e ,  a d op t  the  

e x c h a n g e  ra t e  r e g i m e s  b a s ed  on c r a w l i n g  peg  r e g i m e s  wi t h  l a rge  

b an d s  o f  e x c h a n g e  r a t e  c h an g e s  (on a v er ag e  10% b a nd s ) .

The  set  o f  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  is c o m p o s e d  

o f  A u s t r a l i a ,  C an a da ,  F r ance ,  G e r m an y ,  I t a ly ,  J apan ,  N o r w ay ,  

P o r t u g a l ,  Spa i n ,  and the  Un i t e d  K i n g d o m.  The  e m e r g i n g  m a r k e t  

e c o n o m i e s  c o m p r i s e  Ch i l e ,  Sou th  Kor e a ,  M a l a y s i a ,  Mex ic o ,  Sou th  

Af r i ca ,  T h a i l a n d  and Tur key .

Thi s  s t udy  c o n d u c t s  the  a n a l y s i s  u s ing  the n o mi n a l  

e x c h a n g e  r a t e  ( ER)  a g a i n s t  the  US do l l a r  c o u n t r y  by c o u n t r y  as the 

e n d o g e n o u s  v a r i a b l e .  The  r e g r e s s o r s  d e n o t i n g  m o n e y  s u p p l y  c o n s i s t  

o f  the  l o g a r i t h m  o f  the  b r o ad  m o n e y  s u p p l y  d i f f e r e n t i a l
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( m2-m2* = M 2 ) and the  n a r r o w  m o n e y  s u p p l y  d i f f e r e n t i a l  M \  

c o n s t r u c t e d  in a s i m i l a r  way.  The  use o f  a b r o a d  m o n e y  s u p p l y M 2  

a l l ow s  the  e x a m i n a t i o n  o f  its i m p a c t  on the  e x c h a n g e  r a t e  b a s e d  on a 

c o n c e p t  o f  l o w e r  l i q u i d i t y  a s s e t s .  The  o t he r  r e g r e s s o r s  are  the  

l o g a r i t h m  o f  the  real  i n c om e  d i f f e r e n t i a l  (gdp-gdp*  = Y)  d e n o t e d  by 

GDP in v o l u m e ,  the  i n t e r e s t  r a t e  d i f f e r e n t i a l  ( ir — ir* = I R ) b a s ed  on 

the  m o n e y  m a r k e t  r a t e  and the  e x p e c t e d  l o n g - r u n  i n f l a t i o n  ra t e  

d i f f e r e n t i a l  ( n )  f o r me d  by  the c o n s u m e r  p r i ce  i n d e x - C P I  ( n ~ n  =Yl) .

The  v a r i a b l e  d e n o t i n g  the e x p e c t e d  l o n g - r u n  i n f l a t i o n  

ra t e  d i f f e r e n t i a l  is c o n s t r u c t e d  by a v e r a g i n g  the q u a r t e r l y  c o n s u m e r  

p r i ce  i n de x  ove r  the  p r e c e d i n g  year ,  t ha t  is,  a m o v i n g  a v e r a ge  p r o x y  

( see  F r a n k e l ,  1979) .  F i n a l l y ,  the  d i f f e r e n t i a l s  are  c a l c u l a t e d  by 

a s s u m i n g  the  U n i t e d  S t a t e s  as n u m e r a i r e  c o u n t r y  d e n o t e d  by an 

a s t e r i s k  .
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3.3 -  E c o n o m e t r i c  M e t h o d o l o g y

The  p r o c e d u r e  o f  e m p i r i c a l  i n v e s t i g a t i o n  t e s t s  the 

t h e o r e t i c a l  m o d e l s  as in s ec t i on  3.1 by d e v e l o p i n g  the f o l l o wi n g  

ba s i c  s teps :

- A n a l y s i s  o f  uni t  roo t s :  The  pane l  t e s t s  are  b a s e d  on L e v i n  et al. 

( 2 00 2)  and Im et al. ( 2 0 03 )  wh i ch  a l l ow for  p a ne l  h o m o g e n e i t y  and 

h e t e r o g e n e i t y  a c r o s s  un i t s ,  r e s p e c t i v e l y ,  to the  c o e f f i c i e n t  on the  

l a gg ed  v a r i a b l e ;

- A n a l y s i s  o f  c o i n t e g r a t i o n :  The  pane l  t e s t s  for  c o i n t e g r a t i o n  f o l l ow 

P e d ro n i  (1999)  wh i c h  a l l ows  for  pa ne l  h e t e r o g e n e i t y  and  d i f f e r e n t  

c o i n t e g r a n t i n g  v e c t o r s  a c r o s s  uni t s ;  21

21 Note that all variables are in logarithm form except the interest rate.

- 7 6 -



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

- E s t i m a t i o n  o f  c o i n t e g r a t i o n  ve c t o r s :  The  e c o n o m e t r i c  e s t i m a t i o n  

p r o c e d u r e  a s s u m e s  the  r e su l t s  found  by P h i l l i p s  and Moon  (1999)  

and uses  the  p o o l e d  me a n  g r oup  ( P MG)  e s t i m a t i o n  d e v e l o p e d  by  

P e s a r a n  et al.  ( 1999)  to e s t i ma te  the  c o i n t e g r a t i o n  ve c t o r s .

Thi s  p r o c e d u r e  o f  i n v e s t i g a t i o n  is e q ua l l y  a p p l i e d  to the 

s a mp l e s  o f  i n d u s t r i a l i s e d  e c o n o m y  c o u n t r i e s  and e m e r g i n g  e c o n o m y  

c o u n t r i e s  as d e s c r i b e d  in s ec t i on  3.2.

3 . 3 . 1 -  A na l y s i s  o f  Uni t  Root s  in Pane l  Data

A c c o r d i n g  to Lev in ,  Lin and Chu ( 2 00 2 ) ,  i n f e r e n c e s  

ab o u t  the  e x i s t e n c e  o f  un i t  roo t s ,  and c o i n t e g r a t i o n  as we l l ,  can be 

ma de  mo re  p o w e r f u l  by  i n c l u d i n g  a c r o s s - s e c t i o n  d i m e n s i o n .  The 

a d d i t i o n  o f  a c r o s s - s e c t i o n  d i m e n s i o n  can wor k ,  in s pec i a l  

c o n d i t i o n s ,  as r e p e a t e d  d r aws  f rom the  same  d i s t r i b u t i o n .  

R e s e a r c h e r s  h a ve  a l so  o b s e r v e d  t ha t  t i me  and c r o s s - s e c t i o n  

d i m e n s i o n s  t o g e t h e r  i n c r e a s e  the  p o w e r  o f  the  pa ne l  t e s t  s t a t i s t i c s  

and a l l o w d i s t r i b u t i o n s  o f  e s t i m a t o r s  to c o n v e r g e  to n o r m a l i t y  [see 

B a l t ag i  and Kao ( 2 0 00 )  and B a n e r j e e  ( 19 9 9 ) ] .

Le v i n ,  Lin and Chu (2002)  c o n s i d e r e d  the  use  o f  p o o l e d  

c r o s s - s e c t i o n  and t i me  se r i es  da t a  to g e n e r a t e  p o w e r f u l  uni t  roo t  

t e s t s .  T h e y  f o r m u l a t e d  a p a n e l - b a s e d  un i t  roo t  t e s t  p r o c e d u r e  wh i ch  

can s t i l l  i n c o r p o r a t e  i n d i v i d u a l  s pec i f i c  i n t e r c e p t s  and t i me  t r ends .  

Th i s  p r o c e d u r e  a l l o ws  the r e s i d u a l  v a r i a n c e  and the p a t t e r n  o f  

h i g h e r - o r d e r  se r i a l  c o r r e l a t i o n  to va r y  f r e e l y  a c r o s s  un i t s .  The  t es t  

is d e s i g n e d  to e v a l u a t e  the  nul l  h y p o t h e s i s  t ha t  e ach  uni t  in the 

pa ne l  has  i n t e g r a t e d  r e s i d u a l s  a g a i n s t  the  a l t e r n a t i v e  h y p o t h e s i s  tha t  

all  un i t s  have  s t a t i o n a r y  r e s i d u a l s .  The  u n d e r l y i n g  i n t u i t i o n  is t ha t  

as bo t h  c r o s s - s e c t i o n  and t i me  s er i es  d i m e n s i o n s  are  e n l a r g ed ,  the
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r e g r e s s i o n  e s t i m a t o r s  as wel l  as the  t e s t  s t a t i s t i c s  e m b o d y  bo t h  

a s y m p t o t i c  p r o p e r t i e s  o f  s t a t i o n a r y  pa ne l  da ta  and the  a s y m p t o t i c  

p r o p e r t i e s  o f  i n t e g r a t e d  t ime  s er i es  da ta .  An i n t e r e s t i n g  f e a t u r e  is 

tha t ,  as o p p o s e d  to n o n - n o r m a l  d i s t r i b u t i o n s  o f  uni t  r oo t  t e s t  

s t a t i s t i c s  for  s ing l e  t i me  s e r i es ,  the  p a ne l  un i t  r oo t  t e s t  s t a t i s t i c  has  

a l i m i t i n g  n o r m a l  d i s t r i b u t i o n .

Thus ,  for  m o d e l l i n g  p u r p o s e s ,  it is a s s u m e d  tha t  the  

s t o c h a s t i c  p r o c e s s  is c o m p o s e d  o f  a pa ne l  o f  un i t s  i= 1 each  o f

t hem is o b s e r v e d  ove r  t i me  p e r i o d s  t = \ , . . . ,T. The  f ina l  o b j e c t i v e  is to 

d e t e r m i n e  w h e t h e r  th i s  p r o c e s s  is i n t e g r a t e d ,  t ha t  is,  c o n t a i n s  a uni t  

roo t  for  each  g r o up  in the  p ane l .  S i m i l a r l y  to the  case  o f  a s ing l e  

t ime  s e r i e s  ( see  D i c k e y  and Fu l l e r ,  1981) ,  an i n t e r c e p t  and t ime 

t r end  for  each  uni t  can be i n c l ud e d .  A d d i t i o n a l l y ,  it is a s s u m e d  tha t  

all un i t s  in the  pane l  have  i d e n t i c a l  f i r s t - o r d e r  pa r t i a l  c o r r e l a t i o n ,  

bu t  it  is a l so p e r m i t t e d  for  all  p a r a m e t e r s  o f  the  d i s t u r b a n c e  p r o c e s s  

to va r y  f r ee ly  ac r os s  uni t s .  F i na l l y ,  the  r a t i o n a l e  o f  the  t es t  

c o n s i s t s  o f  a n a l y s i n g ,  u nd e r  the  nul l  h y p o t h e s i s ,  w h e t h e r  each 

i n d i v i d u a l  t ime  s er i es  has  a uni t  roo t  and,  u n d e r  the  a l t e r n a t i v e  

h y p o t h e s i s ,  the  p r o c e s s  |y .(] is t r e n d - s t a t i o n a r y  for  each  uni t  in the 

p a n e l .

The  Le v i n ,  Lin and Chu t e s t  has  b e e n  e m p l o y e d  by 

F r a nk e l  and Rose  ( 1 9 96 ) ,  Oh (1996)  and L o t h i a n  ( 1996) .  T h e y  t e s t ed  

the  PPP h y p o t h e s i s  us i ng  p a ne l  da ta  and some  o f  t hem found  

e v i d e n c e  s u p p o r t i n g  th i s  h y p o t h e s i s .

N e v e r t h e l e s s ,  the Lev i n ,  Lin  and C h u ’s s p e c i f i c a t i o n  

r e s t r i c t s  the  p a r a m e t e r  § t, ( the  c o e f f i c i e n t  on the  l agged  l evel  

v a r i a b l e  in the  uni t  r o o t  t es t ,  see A p p e n d i x  e q u a t i o n  A . 1.1)  to be 

h o m o g e n e o u s  ac r os s  uni t s .  Im,  Pe s a r a n  and Shin  ( 2 00 3 ) ,  thus ,  

s u g g e s t e d  a l l o w i n g  for  h e t e r o g e n e i t y  r e l a t e d  to the  v a l ue  o f  8  u nd e r  

the  a l t e r n a t i v e  h y p o t h e s i s .  Th i s  s u i t a b l e  m o d i f i c a t i o n  a ims  at
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c a p t u r i n g  the  i n d i v i d u a l  r e a l i t i e s  in pa ne l  s t ud i e s  b a s ed  on a l a rge  

n u m b e r  o f  u n i t s 22.

The  r e su l t s  o f  bo t h  Lev i n ,  Lin and Chu  ( 2 00 2 )  and Im, 

P e s a r a n  and Shin  ( 2 0 03 )  t e s t s  are  r e po r t e d  in T a b l e s  3.2 and  3.3 for  

v a r i a b l e s  in l e ve l s  and  for  v a r i a b l e s  in f i r s t  d i f f e r e n c e ,  r e s p e c t i v e l y .

Table 3.2 -  Panel Unit Root Tests: Levels 1

Variables 
(In level)

Industrialised
Economies Emerging Economies

LLC test IPS Test LLC test IPS Test

ER
No trend -1.70639* -3.49072** 2.3702 2.4002

Trend -1.70523* -2.45601** -0.22211 -0.07283

M2
No trend 0.72587 0.47114 0.98656 -0.16911

Trend -0.84174 -1.39407 -0.31366 -0.20887

Ml
No trend 1.40149 -0.06773 -0.95107 -2.13951

Trend -1.29783 -1.69963 -0.44270 -0.75707

Y
No trend 1.2494 0.06889 -0.12171 -1.91276*

Trend -0.80508 0.91644 0.06755 -1.13305

IR
No trend -1.69997* -2.4424** -1.90889* -3.78502**

Trend -1.17553 -1.29126 -2.42927** -5.29192**

n
No Trend -0.29289 -1.96485** 2.15877 2.7237

Trend -0.24864 -0.11621 -0.43637 0.44206

'Critical Values: * = - 1.645 (5% level), ** = -1.947 (1% level).

2‘ The LLC and IPS test procedures were applied by O’Connell (1998) to explain the failure of purchasing 
power parity-PPP to hold in the presence of market frictions. Also Papell (1997) using data for 21 
industrialised countries from 1973 to 1994 did not reject the unit root null at 10% level for PPP. 
MacDonald (1996), Coakley and Fuertes (1997), O’Connell (1998), Papel and Theodoridis (1998), Ru-Lin 
Chiu (2002) also used these test procedures just to cite a few.
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Table 3.3 -  Panel Unit Root Tests: 1st Difference 1

Variables 
(In 1st difference)

Industrialised
Economies Emerging Economies

LLC test IPS Test LLC test IPS Test

ER
No trend Stationary Stationary -7.83054** -10.12823**

Trend Stationary Stationary -6.27176** -9.54109**

M2
No trend -7.01133** -9.93503** -8.32932** -10.50587**

Trend -5.86114** -9.17421** -6.65449** -10.80993**

M l
No trend -10.1154** -10.76055** -7.14308** -8.94996**

Trend -9.36826** -11.99829** -5.48417** -8.00195**

Y
No trend -11.614** -15.30639** -6.25675** -8.46943**

Trend -8.97043** -14.09973** -4.77875** -7.61463**

IR
No trend Stationary Stationary Stationary Stationary

Trend -8.85097** -12.20578** Stationary Stationary

n
No Trend - 1 .7 1 0 9 0 * - 2 .3 5 2 0 5 * * -1.78308* -1.96739**

Trend - 3 . 1 3 9 5 2 * * - 3 .3 9 1 7 9 * * -1.67325* -1.87065*

'Critical Values: * = - 1.645 (5% level) , ** = -1.947 (1% level).

In g e n e r a l ,  mos t  o f  the  r e s u l t s  r e p o r t e d  in T ab l e  3.2 

c o n f i r m e d  the e x p e c t a t i o n s .  The  v a r i a b l e s  in l e ve l s  were  found  

m o s t l y  to be n o n - s t a t i o n a r y  at the  5% and 1% l eve l s .  T h e s e  r e su l t s  

are  va l i d  e i t he r  for  p a n e l s  wi th  t r e nd s  i n c l u d e d  or  not .

The  e x c h a n g e  ra te  for  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  

u n e x p e c t e d l y ,  is found  to be s t a t i o n a r y  in l eve l s .  The  LLC t es t  

w h i c h  a s s u m e s  a h o m o g e n e o u s  c o e f f i c i e n t  for  l a gg ed  v a r i a b l e s  in 

the  A DF  r e g r e s s i o n ,  and the IPS t es t  w h i ch ,  in tu rn ,  a s s u m e s  a 

h e t e r o g e n e o u s  c o e f f i c i e n t  for  the  l a gg ed  v a r i a b l e s ,  r e ve a l  t ha t  the  

e x c h a n g e  r a t e  s e r i e s  is s t a t i o n a r y  in l e ve l s  for  i n d u s t r i a l i s e d  m a r k e t  

e c o n o m i e s .  So me  h y p o t h e s e s  a r i se  to e xp l a i n  th i s  u n e x p e c t e d  r esu l t :  

(1)  the  p o w e r  o f  the  c r o s s - s e c t i o n  d i m e n s i o n  p r e v a i l e d  in o r d e r  to 

a t t e n u a t e  the  n o n - s t a t i o n a r y  e f f ec t s  i m p l i c i t  in m a n y  t i m e - s e r i e s ;  (2)
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the  use  o f  a f ixed  lag o r d e r  in the  ADF r e g r e s s i o n ;  (3)  the 

p o s s i b i l i t y  o f  c ros s  s ec t i o n  d e p e n d e n c e  e f f e c t s  t ake  p l a ce  (see  

P e s a r a n ,  200 3 ) .  For  e m e r g i n g  m a r k e t  e c o n o m i e s  the  e x p e c t a t i o n  is 

c o n f i r m e d  so t ha t  the  e x c h a n g e  ra t e  is found  to be n o n - s t a t i o n a r y  

for  bo th  v e r s i o n s  o f  the  p a ne l  uni t  roo t  t e s t 23.

The  m o n e y  s upp l y ,  b a s e d  bo t h  on the  b r o a d  c o n c e p t  M2 

and the  n a r r o w  c o n c e p t  M l ,  is found  to be n o n - s t a t i o n a r y  in l eve l s  

at the  5% and 1% s i g n i f i c a n c e  l eve l s ,  even  i f  a h e t e r o g e n e o u s  t r end  

is i n c l u d e d  for  i n d u s t r i a l i s e d  and e m e r g i n g  m a r k e t  e c o n o m i e s .  The  

o b j e c t i v e  was  to e x a m i n e  i f  the  e x c l u s i o n  o f  l o w e r  l i q u i d i t y  a s s e t s ,  

i n c l u d e d  in the  M2 c o n ce p t ,  m i g h t  b r i n g  s i g n i f i c a n t  c h an g e s  to the  

r e s u l t s .  The  i n t e r e s t  r a t e  d i f f e r e n t i a l  s e r i e s  we r e  found  to be 

s t a t i o n a r y  for  i n d u s t r i a l i s e d  e c o n o m i e s ,  e x c e p t  when  a 

h e t e r o g e n e o u s  t r end  is i n c lu d e d ,  and s t a t i o n a r y  for  e m e r g i n g  

e c o n o m i e s .  Th i s  f i n d i n g  ma y  r e v e a l  t ha t  the  u n c o v e r e d  i n t e r e s t  r a t e  

p a r i t y  ( UI RP )  c o n d i t i o n  ho lds ,  and t hus  m o d e l s  II and  III  ( see  

s ec t i on  3.1)  do not  ho l d  for  bo th  sets  o f  c o un t r i e s .  F i na l l y ,  for  the  

e x p e c t e d  l o n g - r u n  i n f l a t i o n  r a t e  s e r i es  the  LLC and IPS t es t s  

i n d i c a t e  n o n - s t a t i o n a r y  b e h a v i o u r  in l e ve l s  for  bo th  t y p e s  o f  

e c o n o m i e s .

The  s er i es  in f i r s t  d i f f e r e n c e  were  al l  f o u n d  to be 

s t a t i o n a r y  wi t h  on ly  one  s u i t a b l e  d i f f e r e n t i a t i o n .  T ab l e  3.3 r e po r t s  

the  r e s u l t s  o b t a i n e d  f rom the LLC and IPS t e s t s  at the  5% and 1% 

s i g n i f i c a n c e  l e v e l s 24.

The  u n e x p e c t e d  s t a t i o n a r i t y  for  the  n o m i n a l  e x c h a n g e  

ra te  for  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  s u g g e s t e d  t ha t  the  use  o f  a 

f i xed  lag o r d e r  p t - 4 in the  AD F r e g r e s s i o n  ( A . 1.8 in the  A p p e n d i x )

23 Note, nonetheless, that it is used a fixed lag order p~ 4 in the ADF regression A. 1.8 (see in the 
Appendix). The tests were also applied by using lag order p = 1, 2, 3, but no significant difference was 
detected.
24 Note also that the inclusion of a trend did not change this conclusion.
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mi gh t  l ead  to m i s l e a d i n g  c o n c l u s i o n s 25. A ga i n  the  IPS t es t  is ap p l i e d  

to the  e x c h a n ge  r a t e  for  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  bu t  by 

a l l o w i n g  d i f f e r e n t  lag o r de r s  for  each  c ou n t r y .  The  t r a d i t i o n a l  

p r o c e d u r e  to i d e n t i f y  the  mos t  a p p r o p r i a t e  lag o r d e r  c o n s i s t s  o f  

r u n n i n g  s u c c e s s i v e l y  the  ADF r e g r e s s i o n  c o u n t r y  by c o u n t r y  and 

o b t a i n i n g  the  m a x i m u m  s t a t i s t i c a l l y  s i g n i f i c a n t  lag o rd e r  p . 26. Nex t ,  

the  IPS f o r m u l a  ( A . 1.9 in the  A p p e n d i x )  is e m p l o y e d  for  d i f f e r e n t  

v a l u es  o f  •£'{f,T(p ,) | ¿>, = Oj and Var |f,T(/?.) | S,’ = 0] t a b u l a t e d  by Im et a l .

( 2 0 03 )  for  d i f f e r e n t  Ts and lag o r de r s .  T ab l e  3.4 d i s p l a ys  the  lag 

o r d e r  used  c o u n t r y  to coun t r y .

Table 3.4 -  Maximum Lag Order in the ADF Regression

C o u n t r i e s
E x c h a n g e  Rate

No
I n t e r c e p t

I n t e r c e p t

A u s t r a l i a 3 3
C an a d a 3 3

F r a n c e 1 4

G e r m a n y 1 1

I t a l y 1 1
J ap a n 1 1
N o r w a y 3 3

P o r t u g a l 1 3

Spain 3 3
U n i t e d  K i n g d o m 7 7

25 The advisable rule is to set a lag order so that it should be relatively small in order to save degrees of 
freedom, but large enough to eliminate a possible autocorrelation in the error process.
26 The lag order p. can be different across groups, so the method proposed by Hall (1990) for selecting the 
appropriate lag order can be used. Basically, it consists of , for a given sample length T, choosing a 
maximum lag order using r-statistic on §iL to determine if a smaller lag order can be more suitable.
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The  p r o c e d u r e  g e n e r a t e d  the  s t a t i s t i c s  = -2.61586 and  

vFr = -2.37492 w i t h o u t  and wi th  h e t e r o g e n e o u s  i n t e r c e p t  i n c lu d e d ,  

r e s p e c t i v e l y .  The  r e s u l t s  c o n f i r m e d  the  s t a t i o n a r i t y  in the  n om i na l  

e x c h a n g e  r a t e  m o v e m e n t s  for  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  e i t he r  

at the  5% or 1% l eve l s  o f  s i g n i f i c a n c e 27. N e v e r t h e l e s s ,  this  

s t a t i o n a r i t y  for  n o m i n a l  e x c h a n g e  ra t e s  ma y  be a m i s l e a d i n g  r e s u l t  

as h e t e r o g e n e o u s  p a n e l s  are s u pp o s e d  to p r e s e n t  c ros s  s ec t i on  

d e p e n d e n c e  w h i c h  a f f ec t s  s t a n d a r d  pane l  un i t  r o o t  t e s t s .  To deal  

w i t h  th i s  d i f f i c u l t y ,  P e s a r a n  (2003)  p r o p o s e s  a s imp le  t e s t i n g  

p r o c e d u r e  t ha t  may  a s y m p t o t i c a l l y  e l i m i n a t e  the  e f f e c t s  o f  c ros s  

s e c t i o n a l  d e p e n d e n c e  in the  ser i es .  B a s i c a l l y ,  his  a p p r o a c h  c on s i s t s  

o f  a u g m e n t i n g  s t a n d a r d  DF and ADF un i t  roo t  t e s t s  wi t h  c ros s  

s e c t i o n  a v e r a g e s  o f  l a g ge d  l eve l s  and f i r s t  d i f f e r e n c e s  o f  the 

i n d i v i d u a l  s er i es  as the  f o l l o w i n g  r e p r e s e n t a t i o n :

Ay, = a, + biy it_x + c,y,_1 + ¿t^-Ay,., + ¿Ay.,.
i=0 M ■J + £i< ( 3 . 3 . 1 . 1 )

wh e re  y,_, and Ay . in ( 3 . 3 . 1 . 1 )  are c ros s  s ec t i o n  a v e r a g e s  o f  l a gg ed

leve l s  and f i r s t  d i f f e r e n c e s ,  r e s p e c t i v e l y .  In e s s e n ce ,  by  a v e r a g i n g  

the f - r a t i os  for  the  c o e f f i c i e n t  bt for  i n d i v i d u a l  s e r i es ,  d e n o t e d  by 

i n d i v i d u a l  CADF,  s t a t i s t i c s ,  g e n e r a t e s  a m o d i f i e d  v e r s i on  o f  the  t-

bar  t e s t  p r o p o s e d  by Im,  P e s a r a n ,  Shin  ( CIPS = N ^Y P A D F ^  for  pane l
i=i

da t a  an a l ys i s .

The  CIPS t e s t  for  the  e x c h a n g e  ra t e  c o n s i d e r i n g  the  lag 

o rd e r s  d i s p l a y e d  in T a b l e  3.4 g e n e r a t e d  CI PS i  = - 1 . 788  and C I P S 2 =

27 One explanation for this unexpected result may rely on the fact that there may be a very high correlation 
of the nominal exchange rate across countries. When cross-sectional correlation takes place the properties 
of panel tests are violated so that misleading conclusion may emerge.
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- 1 . 76 4  w i t h o u t  and wi th  i n t e r c e p t  i n c lu d e d ,  r e s p e c t i v e l y .  Th es e s  

r e s u l t s  i mp ly  the  n o m i n a l  e x c h a n g e  r a t e  for  i n d u s t r i a l i s e d  ma r ke t  

e c o n o m i e s  is,  in fac t ,  n o n - s t a t i o n a r y  at 1% l evel  o f  s i g n i f i c a n c e  and

the  p r e v i o u s  r e s u l t s  o f  s t a t i o n a r i t y  ma y  be a f f e c t e d  by c ros s  s ec t i on
28d e p e n d e n c e  .

3 .3 .2  - A n a l y s i s  of  C o i n t e g r a t i o n  in Pane l  Data

A d d i t i o n a l  d e v e l o p m e n t s  w i t h i n  the  e m p i r i c a l  and 

t h e o r e t i c a l  l i t e r a t u r e  in e c o n o m e t r i c s  h a ve  led to the  d e v e l o p m e n t  o f  

new m e t h o d s  for  t e s t i n g  for  c o i n t e g r a t i o n .  In pane l  da ta ,  the 

r e s e a r c h  has  t a ke n  two d i s t i n c t  d i r e c t i o n s .  The  f i r s t  one  c om e s  f rom 

an a n a l o g u e  pa ne l  mode l  l i nked  to the i deas  o f  the  p i o n e e r i n g  work  

o f  E n g l e  and G r a n g e r  ( 1 9 8 7 ) 28 29. It c o n s i s t s  o f  u s ing  a s t a t i c  

r e g r e s s i o n  mode l  for  c o n s t r u c t i n g  r e s i d u a l s - b a s e d  t es t  s t a t i s t i c s  and 

t a b u l a t i n g  d i s t r i b u t i o n s .  A c c o r d i n g l y ,  thi s  f i r s t  a p p r o a c h  a s s u me s  

the nul l  h y p o t h e s i s  o f  no c o i n t e g r a t i o n ,  and it is l i n k e d  to P e d r o n i ’s 

p a pe r s  ( see  P e d r o n i ,  1995,  1997)  and mor e  r e c e n t l y  to Kao ( 1999) .  

The  s e c o n d  one  is d e v e l o p e d  by M c C o s k e y  and Kao ( 1 99 8 )  wh i ch  

a l so  c o n s t r u c t s  a r e s i d u a l - b a s e d  t es t  s t a t i s t i c ,  bu t  as o p p o s e d  to the 

f i r s t  one ,  a s s u m e s  the nul l  h y p o t h e s i s  o f  c o i n t e g r a t i o n .

P e d r o n i  ( 1 9 97 ) ,  t ak i ng  into a c c o u n t  t he  c o n c e r n  for  

w o r k i n g  wi t h  s t a t i o n a r y  t ime  s e r i e s  in l eve l s ,  d e v e l o p e d  seve ra l  

t e s t s  for  the  nul l  h y p o t h e s i s  o f  no c o i n t e g r a t i o n  in pa ne l  da ta .  The 

ma i n  c o n t r i b u t i o n  o f  h i s  a p p r oa c h  is to a l l o w  for  c o n s i d e r a b l e  

h e t e r o g e n e i t y .  B a s i c a l l y ,  P ed r on i  ( 1 99 7 )  c o n s t r u c t e d  a s y m p t o t i c

28 Pesaran (2003) shows that the limit distribution of the CIPS statistic exists and is free of nuisance 
parameters. The critical values at 1% level of significance to the present analysis are CIPSi= -1.95 and 
CIPS2= -2.54 without and with intercept included, respectively.
29 The general idea of the Engle-Granger method consists of estimating the long-run relationship between 
two (or more) variables, and then inserting the deviations from the long-run path, lagged appropriately, as 
the error correction mechanism into the short-run equation.
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d i s t r i b u t i o n s  for  t e s t  s t a t i s t i c s  b a s ed  on h e t e r o g e n e o u s  d y n a m i c s  

a c r o s s  uni t s ,  e n d o g e n o u s  r e g r e s s o r s ,  f i xed  e f f ec t s  and i n d i v i d u a l -  

s p e c i f i c  d e t e r m i n i s t i c  t r ends  for  b i v a r i a t e  r e g r e s s i o n s .  F u r t h e r m o r e ,  

P e d r o n i  (1 99 7 )  r e i n f o r c e s  th i s  h e t e r o g e n e o u s  p a ne l  a p p r o a c h  by 

i n c l u d i n g  a p p r o p r i a t e  t e s t s  e i t he r  for  c o m m o n  a u t o r e g r e s s i v e  r oo t s  

or  for  h e t e r o g e n e i t y  a c r o s s  un i t s  in a u t o r e g r e s s i v e  roo t s  u n d e r  the 

a l t e r n a t i v e  h y p o t h e s i s .

The  Pe dr o n i  (1997)  m e t h o d  is s o m e w h a t  l i mi t ed  by 

f o c u s i n g  on l y  on s i m p l e  b i v a r i a t e  r e g r e s s i o n s .  T hus ,  P e d r o n i  (1999)  

e x t e n d e d  it and d e v e l o p e d  a t e s t  for  t he  nul l  h y p o t h e s i s  o f  no 

c o i n t e g r a t i o n  for  the  case  wi th  m u l t i p l e  r e g r e s s o r s .  In fac t ,  the  nul l  

h y p o t h e s i s  o f  the  P ed r on i  (1999)  t e s t  s t a t i s t i c  is t ha t  the  v a r i a b l e s  

are not  c o i n t e g r a t e d  for  each  un i t  in the  p ane l .  The  a l t e r n a t i v e  

h y p o t h e s i s  is t ha t  t he re  ex i s t s  on l y  one  c o i n t e g r a t i n g  v e c t o r  for  each 

un i t  in the  p a n e l ,  a l t h o u g h  it may  d i f f e r  a c r o s s  uni t s .

For  the  a n a l y s i s  p r o p o s e d  in t h i s  c h a p t e r ,  f our  s t a t i s t i c s  

out  o f  s even  d e v e l o p e d  by P e d r o n i  are s e l e c t e d  and r e p o r t e d .  The  

f i r s t  one  is n o n - p a r a m e t r i c  and  it is a n a l o g o u s  to the  P h i l l i p s  and 

P e r r on  (1 988)  ¿ - s t a t i s t i c ,  the  s ec on d  is a p a r a m e t r i c  s t a t i s t i c  and it 

is a n a l o g o u s  to the  f a m i l i a r  a u g m e n t e d  D i c k e y - F u l l e r  ¿ - s t a t i s t i c .  The  

o th e r  two s t a t i s t i c s  are  b a s ed  on a g r oup  me an  a p p r o a c h  and  t h e y  are 

a l so  a n a l o g o u s  to the P h i l l i p s  and P e r r on  ¿ - s t a t i s t i c  and a u g m e n t e d  

D i c k e y - F u l l e r  ¿ - s t a t i s t i c .  The  s e l e c t i o n  c r i t e r i o n  f o l l o w e d  

c o m p a r a t i v e  a d v a n t a g e  a n a l y s e s  o f  each  s t a t i s t i c  b a s e d  on the 

u n d e r l y i n g  d a t a - g e n e r a t i n g  p r o c e s s  ( see  P e d r o n i ,  1999 for  more  

d e t a i l s ) 30.

The  s t a t i s t i c a l  p r o p e r t i e s  d e m o n s t r a t e d  t ha t  the  t es t  

s t a t i s t i c s  c o n v e r g e  to the  s t a n d a rd  n o r ma l  formA^(0, l)  u n d e r  the  nul l

30 Note that, all statistics are constructed using residuals generated by the regression A.2.1 (see in the 
Appendix) and by the use of nuisance parameters estimators.
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h y p o t h e s i s  and d i v e r ge s  to n e g a t i v e  i n f i n i t y  u n d e r  the  a l t e r n a t i v e  

h y p o t h e s i s .  In e f f ec t ,  P e dr on i  ( 1995 ,  1997)  s hows  tha t  whe n  both  

the  T and N  d i m e n s i o n s  g row l a rge  the  i n d i v i d u a l  m e m b e r  s t a t i s t i c s  

o f  the  pane l  c o i n t e g r a t i o n  c o n v e r g e  to n o r m a l  d i s t r i b u t i o n s  by  v i r t ue  

o f  c o n d i t i o n a l  i n d e p e n d e n c e  ac r oss  the  i m e m b e r s .  In p r a c t i c e ,  the 

s t a t i s t i c s ’ i n t e r p r e t a t i o n  l eads  to the  r e j e c t i o n  o f  the  nul l  h y p o t h e s i s  

o f  no c o i n t e g r a t i o n  w h e n e v e r  l a rge  n e g a t i v e  v a l ue s  are found .

The  pane l  c o i n t e g r a t i o n  t e s t s  are  p e r f o r m e d  on the t h ree  

d i f f e r e n t  t h e o r e t i c a l  m o de l s  d e s c r i b e d  in s ec t i o n  3.1.  The  tes t  

s t a t i s t i c s  c o n s i d e r  the  p o s s i b i l i t y  o f  two a l t e r n a t i v e  s t a t i s t i c a l  

a p p r o a c h e s .  The  f i r s t  one ,  the  p a n e l - t e s t  s t a t i s t i c ,  or  the  w i t h i n -  

d i m e n s i o n  s t a t i s t i c ,  a s s u m e s  a c o m m o n  c o e f f i c i e n t  y i in the  e r ror

p r o c e s s  for  b o th  P h i l l i p s - P e r r o n  and AD F r e g r e s s i o n s  ac r os s  un i t s  in 

the  p ane l .  The  s e c on d  one ,  by c o n t r a s t ,  the  g r o u p - t e s t  s t a t i s t i c s ,  or 

the  b e t w e e n - t e s t  s t a t i s t i c s ,  a s s u m e s  the  p o s s i b i l i t y  o f  a d i f f e r e n t  

c o e f f i c i e n t  y t a c r os s  uni t s .  No t e  once  a ga i n  t ha t  as the  t es t

s t a t i s t i c s  d i v e r g e  to n e g a t i v e  i n f i n i t y  u nd e r  the  a l t e r n a t i v e  

h y p o t h e s i s ,  l a rge  n e g a t i v e  v a l ue s  i mp l y  the  r e j e c t i o n  o f  the  nul l  

h y p o t h e s i s .

The  a n a l y s i s  o f  the  r e s u l t s  is c a r r i e d  out  us i ng  the  b r oad  

and n a r r o w  c o n c e p t s  o f  m o n e y  s up p l y  (M2 and  M l ,  r e s p e c t i v e l y ) .  

For  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  the  r e s u l t s  u s ing  M2 

d e m o n s t r a t e  a c l ea r  r e j e c t i o n  o f  the  nul l  h y p o t h e s i s  o f  no 

c o i n t e g r a t i o n  at the  5% and 1% s i g n i f i c a n c e  l eve l ,  b a s ed  on the  PP- 

s t a t i s t i c s  ( see  T ab le  3 .5) .
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Table 3.5 -  Panel Cointegration Test (M2 for Industrialised Economies)

Models
Statistics

Panel
pp-stat

Panel
ADF-stat

Group
pp-stat

Group
ADF-stat

Model I1
No trend -1.7342* -0.8857 -2.7547** -1.20834

Trend -1.6847* 0.43146 -2.9997** 0.18148

Model II2
No trend -0.50297 -0.10291 -2.6732** -1.16895

Trend -2.5121** 0.76852 -4.4698** -0.21497

Model III3
No trend -2.6342** 0.21114 -4.1468** -0.32914

Trend -4.9405** -0.84005 -6.8116** -2.12615**

Critical Values: * = - 1.645 (5% level), ** = -1.947 (1% level). 
' Model I : er = (m2-m2*) -  (y -  y*) + e
2 Model II : er = (m2-m2*) -  (y -  y*) + (ir -  ir*) + e
3 Model III : er = (m2-m2*) -  (y -  y*) + (ir -  ir*) + (n -  n *) + e

In e f f ec t ,  the  pa ne l  c o i n t e g r a t i o n  t e s t s  a p p l i e d  to 

i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  g e n e r a t e d  s t a t i s t i c a l l y  s i g n i f i c a n t  

P h i l l i p s - P e r r o n  s t a t i s t i c s  for  all  mo d e l s ,  e x ce p t  for  m o d e l  II w i t h  no 

t r end ,  and b a s ed  on pane l  s t a t i s t i c s  (pane l  p p - s t a t )  and group  

s t a t i s t i c s  ( g r o u p  p p - s t a t ) .  The  i n c l u s i o n  o f  h e t e r o g e n e o u s  t r e nd s  did 

not  c h an g e  the  r e s u l t s  s u bs t a n t i a l l y .  Th i s  r e s u l t  l e ads  to the 

c o n c l u s i o n  tha t  n o m i n a l  e x c h a n g e  ra t e  m o v e m e n t s  for  i n d u s t r i a l i s e d  

m a r k e t  e c o n o m i e s  are  c o i n t e g r a t e d  wi th  m o n e t a r y  f u n d a m e n t a l s .  In 

thi s  case ,  the  m o n e t a r y  a p p r o a c h  is a p p r o p r i a t e  to e xp l a i n  the  long-  

run m o v e m e n t s  in n o m i n a l  e x c h a n g e  r a t e s .  The  r e s u l t s  r e v e a l e d  tha t  

t he r e  is a l o n g - r u n  r e l a t i o n s h i p  b e t w e e n  e x c h a n g e  ra t e  m o v e m e n t s  

and  m o n e t a r y  f u n d a m e n t a l s .  It  is s t i l l  i m p o r t a n t  to no t e  t ha t  the  

l a rg e r  a b s o l u t e  v a l ue s  for  g roup  s t a t i s t i c s  may  l ead  to an a d d i t i o n a l  

c o n c l u s i o n  tha t  the  c o i n t e g r a t i n g  v ec t o r s  d i f f e r  a c r o s s  c o u n t r i e s .

N o n e t h e l e s s ,  th i s  c o n c l u s i o n  is e n t i r e l y  b a s e d  on the 

P h i l l i p s - P e r r o n  t e s t s ,  t h r o u g h  b o th  the  p a ne l  P P - s t a t i s t i c s  and the
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g r o up  P P - s t a t i s t i c s .  The  c o n c l u s i o n  for  c o i n t e g r a t i o n  did not  ho l d  

wh e n  the A u g m e n t e d  D i c k e y - F u l l e r  ¿ - s t a t i s t i c  t e s t s  ( A D F - s t a t )  were  

a p p l i e d  to the  s ampl e .  The  p a n e l - s t a t i s t i c s  and the  g r o u p - s t a t i s t i c s ,  

u s ing  a f i xed  lag o r d e r  ( k =  4 ) 31 in the  AD F r e g r e s s i o n ,  p r o d u c e d  

r e s u l t s  s t a t i s t i c a l l y  i n s i g n i f i c a n t  at bo t h  l e ve l s  o f  s i g n i f i c a n c e .  It 

ma y  s u g g e s t  t ha t  a s e r i a l l y  c o r r e l a t e d  e r ro r  p r o c e s s  m i g h t  be p r e s e n t  

l e a d i n g  to the  r e j e c t i o n  o f  the nul l  h y p o t h e s i s  o f  no c o i n t e g r a t i o n  in 

the  p r e v i o u s  a n a l y s i s  b a s ed  on the P P - s t a t i s t i c s .  H e n ce ,  the  

c o n c l u s i o n  in f av ou r  o f  c o i n t e g r a t i o n  b e t w e e n  the  e x c h a n g e  r a t e  and 

its f u n d a m e n t a l s  in i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  may  be 

m i s l e a d i n g .

For  e m e r g i n g  m a r k e t  e c o n o m i e s ,  the  r e s u l t s  d i s p l a y e d  in 

T ab le  3.6 d e m o n s t r a t e ,  u n e q u i v o c a l l y ,  the  n o n - e x i s t e n c e  o f  

c o i n t e g r a t i o n  b e t w e e n  the  e x c h a n g e  ra t e  and m o n e t a r y  f u n d a m e n t a l s  

for  all  m o d e l s  t e s t ed .  The  t es t s ,  e i t he r  for  pa ne l  s t a t i s t i c s  or g roup  

s t a t i s t i c s ,  bo t h  us i ng  the P P - t e s t  and A D F - t e s t ,  r e v e a l e d  t ha t  the  

t r a d i t i o n a l  m o n e t a r y  m o de l  o f  the  e x c h a n g e  r a t e  does  no t  ho l d  for  

e m e r g i n g  m a r k e t  e c o n o m i e s ,  t ha t  is,  l o n g - r u n  m o v e m e n t s  in the  

e x c h a n g e  r a t e  are  not  a s s o c i a t e d  wi t h  m o v e m e n t s  in m o n e t a r y  

f u n d a m e n t a l s  ( see  T ab le  3.6) .

31 Similar test procedure was applied for lag order k=3, k=2 and k= 1, and the results did not differ 
significantly.
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Table 3.6 -  Panel Cointegration Test (M2 for Emerging Economies)

Models
Statistics

Panel
pp-stat

Panel
ADF-stat

Group
pp-stat

Group
ADF-stat

Model I1
No trend 0.38004 0.31876 1.94724 2.15738

Trend 1.65999 1.42158 2.03549 1.67311

Model II2
No trend 0.42217 0.64665 1.91327 2.13392

Trend -2.1547** -0.79145 -2.4986** 0.38478

Model III3
No trend 0.38861 1.32885 0.5111 0.32414

Trend -1.77286* -0.0158 -0.54592 -0.2304

Critical Values: * = - 1.645 (5% level), ** = -1.947 (1% level).
1 Model I : er = (m2-m2*) -  (y -  y*) + e
2 Model II : er = (m2-m2*) -  (y -  y*) + (ir -  ir*) + e
3 Model III : er = (m2-m2*) -  (y -  y*) + (ir -  ir*) + (tt -  n *) + e

Thi s  is an u n e x p e c t e d  r e s u l t  s ince  th i s  c l as s  o f  

e c o n o m i e s  is s u b j ec t  to m o n e t a r y  s ho ck s  mor e  f r e q u e n t l y  wi th  

a d v e r s e  e f f e c t s  on the  e x c h a n ge  ra te .  T h e o r e t i c a l l y ,  the  m o n e t a r y  

a p p r o a c h  to e x c h a n g e  r a t e s  sh o u l d  be a p p r o p r i a t e  to ex p l a i n  

e x c h a n g e  ra t e  m o v e m e n t s  in c o u n t r i e s  wi th  p r o f i l e s  o f  h igh  i n f l a t i o n  

r a t e s .  A l t h o u g h  m o d e l s  II and III d e m o n s t r a t e d  some  e v i d e n c e  o f  

c o i n t e g r a t i o n  r e p o r t e d  by s t a t i s t i c a l l y  s i g n i f i c a n t  p a ne l  PP- 

s t a t i s t i c s ,  t h i s  r e s u l t  ma y  be due  to the  i n c l u s i o n  o f  h e t e r o g e n e o u s  

t r e nd s  w h i c h  may  p r o d u c e  d i s t o r t e d  e f f e c t s  on the  r e g r e s s i o n  er ror .  

The  g e ne r a l  c o n c l u s i o n  is t ha t  the  nul l  h y p o t h e s i s  o f  no 

c o i n t e g r a t i o n  c an n o t  be r e j e c t e d  for  e m e r g i n g  m a r k e t  e c o n o m i e s  at 

the  5% and 1% l evel  o f  s i g n i f i c a n c e .

The  same  c o i n t e g r a t i o n  t e s t s  are  a l so  a p p l i e d  to the  two 

sets  o f  c o un t r i e s ,  bu t  now us i ng  a n a r r o w  c o n c e p t  o f  m o n e y  s u pp l y  

M l .  T a b l e s  3.7 and 3.8 d i s p l a y  the  r e s u l t s  o b t a i n e d  for
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i n d u s t r i a l i s e d  e c o n o m i e s  and e m e r g i n g  e c o n o m i e s ,  r e s p e c t i v e l y 32. 

The  use o f  M l  as the  m o n e y  s up p l y  m e a s u r e  r e i n f o r c e d  the 

h y p o t h e s i s  o f  no l o n g - r u n  r e l a t i o n s h i p  b e t w e e n  the  e x c h a n ge  ra t e  

and  f u n d a m e n t a l s  so t ha t  no e v i d e n c e  o f  c o i n t e g r a t i o n  was  found  for  

b o th  se t s  o f  i n d u s t r i a l i s e d  and e m e r g i n g  m a r k e t  e c o n o m i e s  at bo th  

l e ve l s  o f  s i g n i f i c a n c e  (see  Ta b le s  3.7 and  3.8) .

Table 3.7 -  Panel Cointegration Test (Ml for Industrialised Economies)

Models
Statistics

Panel
pp-stat

Panel
ADF-stat

Group
pp-stat

Group
ADF-stat

Model I1
No trend -0.1264 -0.37002 0.24150 -0.48273

Trend -0.13676 1.54556 -0.51128 1.86844

Model II2
No trend 0.36883 0.30945 0.59918 0.68433

Trend -0.14199 2.32360 -0.79118 2.60654

Model III3
No trend 0.81511 2.52654 1.15356 3.33194

Trend -0.47995 2.48842 -1.41895 2.84885

Critical Values: * = - 1.645 (5% level), ** = -1.947 (1% level).
1 Model I : er = (ml-ml *) -  (y -  y*) + e
2 Model II : er = (ml -ml *) -  (y -  y*) + (ir -  ir*) + e
1 Model III : er = (m l-m l*)- (y - y*) + (ir-  ir*) + (jr - n *) + e

32 Note that, once again, the lag order for the ADF regression is fixed to be k=4 in order to keep a standard 
strategy of investigation.
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Table 3.8 -  Panel Cointegration Test (Ml for Emerging Economies)

Models
Statistics

Panel
pp-stat

Panel
ADF-stat

Group
pp-stat

Group
ADF-stat

Model I1
No trend -1.83183* 3.37106 -2.12968** 4.34182

Trend -1.88045* -1.04853 -1.03453 -0.59187

Model II2
No trend -0.04141 3.84923 -1.03624 4.70848

Trend -1.58517 -0.46867 -0.51591 0.82264

Model III3
No trend 0.14393 2.22686 -0.00305 2.18307

Trend -3.0118** -2.51079** -2.91793** -1.57446

Critical Values: * = - 1.645 (5% level), ** = -1.947 (1% level) . 
1 Model I : er = (ml-ml *) -  (y -  y*) + e 
2ModelII : er = (ml -ml *) -  (y -  y*) + (ir -  ir*) + e 
3 Model III : er = (m l-m l*) -  (y -  y*) + (ir -  ir*) + (n -  n *) + e

3 . 3 .3  -  L o n g - r u n  A v e r a g e  R e l a t i o n s  in N o n - s t a t i o n a r y  Pan e l  Data

The  r e s u l t s  o f  the  p r e v i o u s  s e c t i o n  r a i s e  an i m p o r t a n t  

i s sue  when  the  h y p o t h e s i s  o f  c o i n t e g r a t i o n  does  not  ho l d ,  wh i ch  

r e l a t e s  to the  t h i r d  c o n t r i b u t i o n  p r o p o s e d  for  th i s  c ha p t e r .  Ph i l l i p s  

and Moon  (1999)  d e m o n s t r a t e d  t ha t  l o n g - r u n  a v e r a ge  r e l a t i o n s  

b e t w e e n  i n t e g r a t e d  pa ne l  v ec t o r s  can be f o un d  e ven  i f  no 

c o i n t e g r a t i o n  is d e t e c t e d .  A c c o r d i n g  to t hem,  a l i mi t  t h e o r y  a l l ows  

for  the  t e s t i n g  o f  h y p o t h e s e s  ab o u t  the  l o n g - r u n  a v e r a ge  p a r a m e t e r s  

bo t h  w i t h i n  and b e t w e e n  s u b g r o u p s  o f  the  e n t i r e  p o p u l a t i o n .  They  

i n v e s t i g a t e d  r e g r e s s i o n s  wi th  n o n s t a t i o n a r y  p a ne l  da t a  for  w h i c h  the 

t i me  se r i e s  c o m p o n e n t  is an i n t e g r a t e d  p r o c e s s  and wh er e  the  T  and 

N  d i m e n s i o n s  are l a rge .  The  u n d e r l y i n g  idea  is b a s e d  on the  fact
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t ha t  pane l  da t a  can d i s t i n g u i s h  e f f e c t s  t ha t  t i me  se r i e s  or  c ross  

s ec t i o n  da t a  c a n n o t  i d e n t i f y  i n d i v i d u a l l y .

S u p p o s e ,  for  e x a m p l e ,  the e x i s t e n c e  o f  two 1(1) r a nd o m  

v e c t o r s ,  y, ,  and Xi,t , wh i c h  are  a s s u m e d  not  to have  a c o i n t e g r a t i n g

r e l a t i o n s h i p ,  and a t i me  se r i e s  r e g r e s s i o n  for  a g i ve n  uni t  i is 

c a r r i e d  out .  Th i s  r e g r e s s i o n  for  i wi l l  p r o d u c e  a r e g r e s s i o n  

c o e f f i c i e n t  t ha t  has  a n o n - d e g e n e r a t e  l imi t  d i s t r i b u t i o n  

c h a r a c t e r i s i n g  a r e s u l t  t ha t  the  e c o n o m e t r i c  l i t e r a t u r e  u s u a l l y  

c o n s i d e r s  as p o t e n t i a l l y  s p u r i o u s  [see G r a n g e r  and N e w b o l d  (1974)  

and P h i l l i p s  ( 19 8 6) ] .  N e v e r t h e l e s s ,  i f  the  pa ne l  r e g r e s s i o n  o f  y,, on

Xi,t wi th  l a rge  c ros s  s ec t i o n a l  and t ime  s er i es  d i m e n s i o n s  is 

e s t i m a t e d  the  no i s e  in the  t ime  se r i es  da ta  can o f t en  be a s s u m e d  as 

i n d e p e n d e n t  a c r o s s  i n d i v i d u a l s ,  even  i f  the  no i s e  is s t rong .  Ph i l l i p s  

and Moon  s ta t e  t ha t  th i s  r e su l t  is r e a c h e d  by p o o l i n g  the c ros s  

s e c t i o n  and t i me  s er i es  o b s e r v a t i o n s  w h i c h  can r e d u ce  the  s t rong  

e f f ec t  o f  the  r e s i d u a l s  in the  r e g r e s s i o n  wh i l e  r e t a i n i n g  the  s t r en g t h  

o f  the  v ec t o r jy , , -  He nce ,  it is e x p e c t e d  t ha t  a p a n e l - p o o l e d

r e g r e s s i o n  p r o v i d e s  c o n s i s t e n t  e s t i m a t e s  o f  the  l o n g - r u n  r e g r e s s i o n  

c o e f f i c i e n t s .

The  P h i l l i p s  and M o o n ’s s t udy  is c l o s e l y  r e l a t e d  to work  

d e v e l o p e d  by  P e s a r a n  and Smi th  (1995)  who i n v e s t i g a t e d  the  i mp a c t  

o f  n o n s t a t i o n a r y  v a r i a b l e s  on c ros s  s ec t i on  r e g r e s s i o n  e s t i ma te s .  

P e s a r a n  and Smi th  c o n c l u d e d  t ha t  p r o v i d e d  the r e g r e s s o r s  are 

e x o g e n o u s ,  and the d i s t u r b a n c e s  are  i n d e p e n d e n t ,  no s pu r i o u s  

c o r r e l a t i o n  a r i s es  by r u n n i n g  a c r os s  s ec t i on  r e g r e s s i o n  wi t h  a f in i t e  

n u m b e r  o f  t i me  se r i e s  o b s e r v a t i o n s .  P h i l l i p s  and Moon  e x t e n d e d  

P e s a r a n  and S m i t h ’s i n v e s t i g a t i o n  to a mor e  g e ne r a l  c o n t e x t  when  

T —>co and N -> oo s e q u e n t i a l l y  or  j o i n t l y  in pa ne l  r e g r e s s i o n s ,  and 

t hus  d e r iv e d  the  l o n g - r u n  a v er ag e  r e l a t i o n s h i p  in t e r ms  o f  a ma t r i x
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r e g r e s s i o n  c o e f f i c i e n t  f rom the c ros s  s ec t i o n  l o n g - r u n  a v er ag e  

c o v a r i a n c e  m a t r i x 33.

The  r e l e v a n c e  o f  th i s  t op i c  for  i n v e s t i g a t i n g  the 

r e l a t i o n s h i p  b e t w e e n  the  e x c h a n g e  r a t e  and m o n e t a r y  f u n d a m e n t a l s  

is r e l a t ed  to pa ne l  un i t  roo t  and p a ne l  c o i n t e g r a t i o n  t e s t s .  The  

c o i n t e g r a t i o n  t e s t s  a pp l i e d  in th i s  c h a p t e r  s u p p o r t e d  r e su l t s  in 

f a v o u r  o f  the  nul l  h y p o t h e s i s  o f  no c o i n t e g r a t i o n .  It l eads  

s t r a i g h t f o r w a r d l y  to the  c o n c l u s i o n  tha t  m o n e t a r y  f u n d a m e n t a l s  are 

not  ab l e  to e xp l a i n  e x c h a n g e  ra t e  m o v e m e n t s  in the  long.  H o w e v e r ,  

a c c o r d i n g  to P h i l l i p s  and Moon  even  i f  no c o i n t e g r a t i o n  r e l a t i o n  is 

found  the  use  o f  a pane l  e s t i m a t i o n  p r o c e d u r e  may  g e n e r a t e  

c o n s i s t e n t  l o n g - r u n  c o e f f i c i e n t s .  The  f o l l o w i n g  s e c t i o n  s hows  the 

r e s u l t s  o b t a i n e d  by u s ing  the  p o o l e d  m e a n  g r oup  e s t i m a t i o n  

p r o c e d u r e  for  the  e x c h a n g e  ra t e  and i ts d e t e r m i n a n t s  u s ing  P h i l l i p s  

and M oo n  in s u p po r t  o f  t h i s  p r o c e d u r e .

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

3 .3 .4  - M e t h o d  of  E c o n o m e t r i c  E s t i m a t i o n

The  p o o l i n g  da t a  t e c h n i q u e  is a m e t h o d o l o g y  w h e r e b y  

da t a  on the d i f f e r e n t  un i t s  ove r  s ev e ra l  p e r i o d s  o f  t i me  are  g a t h e r e d  

w i th in  a s ame  mode l .  As c o m p a r e d  to a s ing l e  c r o s s - s e c t i o n ,  the  

p o o l i n g  da t a  p r o c e d u r e  p r o v i d e s  an a d v a n t a g e  by r e l a x i n g

a s s u m p t i o n s  t ha t  are i m p l i c i t  in c r o s s - s e c t i o n a l  a na ly s i s .

An e f f i c i e n t  e c o n o m e t r i c  m e t h o d  o f  e s t i m a t i o n  d e s i g n e d  

to o v e r c o m e  the  p o t e n t i a l  b i a s  in pane l  c o i n t e g r a t e d  r e g r e s s i o n  

m o d e l s  is the  p o o l e d  me an  g r oup  ( P MG)  e s t i m a t o r  p r o p o s e d  by 

P e s a r a n ,  Sh in  and Smi th  - PSS ( 1999) .  B a s i c a l l y ,  the  PMG

33 The demonstration presented by Phillips and Moon on how two component random vectors Yi t and 
X1 1  of Zi i rnay have a long-run average relation even if no cointegration relation is defined is somewhat 
complex and is not presented in this chapter.
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e s t i m a t i o n  m e t h o d  c o n s i s t s  o f  an i n t e r m e d i a t e  p r o c e d u r e  b e t w e e n  

the  t r a d i t i o n a l  p o o l e d  r e g r e s s i o n  m e t h o d  wh i c h  a s s u m e s  tha t  the 

s l ope  c o e f f i c i e n t s  and e r ro r  v a r i a n c e s  are  i d e n t i c a l ,  and the mean  

g r oup  (MG)  e s t i m a t o r  wh i ch  e s t i m a te s  N  s e p a r a t e  r e g r e s s i o n s  and 

a v e r a g e s  the  c o e f f i c i e n t s .  P e s a r a n  and Smi th  ( 1 99 5 )  p o i n t  ou t  t ha t  

the  m a j o r  d i f f i c u l t y  r e l a t e d  to the  MG e s t i m a t o r  is t ha t  it does  not  

t ake  into a c c o u n t  t ha t  in pa ne l  r e g r e s s i o n  m o d e l s  some  p a r a m e t e r s  

ma y  be the  same  a c r o s s  uni t s .  A l t h o u g h  the MG e s t i m a t o r  p r o v i d e s  

c o n s i s t e n t  e s t i m a t e s  o f  the  me an  l o n g - r u n  p a r a m e t e r s ,  t he y  wi l l  be 

i n e f f i c i e n t  i f  l o n g - r u n  h o m o g e n e i t y  ho l d s .  The  PMG e s t i m a t o r  

i m p o s e s  c o n s t r a i n t s  on the  l o n g - r u n  c o e f f i c i e n t s  by  a s s u m i n g  them 

to be i d e n t i c a l ,  but  a l l ows  for  s h o r t - r u n  c o e f f i c i e n t s  and e r ror  

v a r i a n c e s  to d i f f e r  f r ee ly  a c r o s s  uni t s .

The  PMG e s t i m a t o r  a l so  o f f e r s  the  p o s s i b i l i t y  o f  s e t t i ng  

d i f f e r e n t  d y n a m i c  s p e c i f i c a t i o n s  ac r os s  un i t s ,  such  as the  n u m b e r  o f  

l ags  i n c l u d e d  in the  mode l  for  e xa mp l e ,  w i t h o u t  i m p o s i n g  e q ua l i t y  

o f  the  s h o r t - r u n  c o e f f i c i e n t s .  F u r t h e r m o r e ,  it a l so  a s s u m e s  tha t  

d i f f e r e n t  un i t s  are  s u p p o s e d  to be i n f l u e n c e d  by c o m m o n  f ac t o r s  

( t e c h n o l o g i e s ,  b u d g e t  c o n s t r a i n t s ,  a r b i t r a g e  c o n d i t i o n s  e t c . )  set  up 

in a l o n g - r u n  h o m o g e n e o u s  f r a m e w o r k .  Thus ,  it s u pp o s e s  t ha t  

e q u i l i b r i u m  r e l a t i o n s h i p s  b e t w e e n  v a r i a b l e s  are  s i m i l a r  a c r os s  

d i f f e r e n t  un i t s  in the long  run.  A c c o r d i n g l y ,  u nd e r  a l o n g - r u n  s lope  

h o m o g e n e i t y  a s s u m p t i o n ,  the  PMG e s t i m a t o r  is able  to p r o v i d e  

c o n s i s t e n t  and e f f i c i e n t  e s t i m a t e s  ( see  A p p e n d i x ) .

He nc e ,  i f  t he re  is a c t u a l l y  a l o n g - r u n  r e l a t i o n s h i p  

b e t w e e n  the e x c h a n g e  ra t e  and i ts m o n e t a r y  f u n d a m e n t a l s ,  it is 

e x p e c t e d  t ha t  the  use  o f  the  PMG e s t i m a t i o n  p r o c e d u r e  is ab le  to 

p r o d u c e  s t a t i s t i c a l l y  s i g n i f i c a n t  e s t i m a t e s  o f  the  l o n g - r u n  

c o e f f i c i e n t s .  S ec t i on  3 .3 .4 .1  p r e s e n t s  the  ma i n  e m p i r i c a l  f i n d i ng s  

f rom a p p l y i n g  the  PMG p r o c e d u r e  to the  e x c h a n g e  r a t e  and m o n e t a r y  

f u n d a m e n t a l s .
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3.3 .4 .1  -  PMGE and E x c h a n g e  Rate  F u n d a m e n t a l s

The  p o o l e d  mean  g r oup  ( P MG )  e s t i m a t i o n  p r o c e d u r e  is 

a p p l i ed  to the  t h e o r e t i c a l  mode l  d i s c u s s e d  in S e c t i o n  3.1.  B a s i c a l l y ,  

the  e m p i r i c a l  m o de l  for  the  m o n e t a r y  a p p r o a c h  to the  e x c h a n g e  ra t e  

f o l l o ws  a s i m i l a r  s t r u c t u r e  to t ha t  e m p l o y e d  by  P e s a r a n ,  Shin  and 

Smi th  ( 1 9 9 9 ) ,  who e x a m i n e d  the  s t a n d a r d  c o n s u m p t i o n  f u n c t i o n  in 

D a v i d s o n  et al.  ( 1 9 78 )  for  a s amp l e  o f  O EC D c o un t r i e s .  The  

p r o p o s a l  is to a na l ys e  t h r e e  d i f f e r e n t  e m p i r i c a l  m o d e l s ,  i n c l u d i n g  

a l so  an i n t e r p r e t a t i o n  o f  the  i n t e r e s t  r a t e  and the e x p e c t e d  fu ture  

i n f l a t i o n  ra t e  d i f f e r e n t i a l s  in the  e x c h a n g e  r a t e  e q ua t i on .  The 

m a x i m u m  lag o r d e r  is 3 w h i c h  a l l ows  e no u g h  t i me  for  m o n e t a r y  

f u n d a m e n t a l s  d i s t u r b a n c e s  to a f f ec t  m o v e m e n t s  in the e x c h a n g e  

r a t e 34. F i n a l l y ,  an e m p i r i c a l  a u t o r e g r e s s i v e  d i s t r i b u t e d  lag ( A R DL )  

e q u a t i o n  is c o n s t r u c t e d  for  the  t h r ee  s p e c i f i c a t i o n s  p r e s e n t e d  in the 

S ec t i on  3.1.  The  ful l  l o n g - r u n  e x c h a n ge  r a t e  s p e c i f i c a t i o n  is g i ven  

by:

eru ~ doi + 6 \i{mit ~ mit) ~ dv i^u  ~ T„) + dii{irit ~ ira) + d*i(nu ~ ttI) + uit (3 .3 .4 .1  ) 

i = 1,2,...,N and t = \,2,...,T

w he r e  era is the n o m i n a l  e x c h a n g e  ra t e  and (m u - m l ),

(t „ { ir„- ir l )  and (;r„ -  n])  c o r r e s p o n d ,  r e s p e c t i v e l y ,  to the

d i f f e r e n t i a l  b e t w e e n  the  d o m e s t i c  and f o re i g n  m o n e y  s upp l y ,  the  

real  i n c om e ,  the  i n t e r e s t  r a t e  and the e x p e c t e d  f u t u r e  i n f l a t i o n  rate .  

A c c o r d i n g  to the  t he or y ,  the  c o e f f i c i e n t  Qu is e x p e c t e d  to be one  i f

N ote that the lag orders k=  2 and k=  1 w ere also applied and the results did no t d iffer significantly.
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the  m o n e t a r y  a p p r o a c h  to the  e x c h a n g e  ra t e  ho l ds .  On ce  thi s  

h y p o t h e s i s  ho l ds ,  the  PMG e s t i m a t i o n  p r o c e d u r e  e n a b l e s  the  

e s t i m a t i o n  o f  a c o m m o n  l o n g - r u n  c o e f f i c i e n t  and a d d i t i o n a l  t e s t s .

The  g e ne r a l  r e p r e s e n t a t i o n  o f  an A R D L  ( 3 , 3 , 3 , 3 , 3 )  is 

d e n o t e d  as f o l l ows :

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

and the g en er a l  e r r o r  c o r r e c t i o n  r e p r e s e n t a t i o n  - ECM o f  ( 3 . 3 . 4 . 2 )  is 

g i v e n  by:

( 3 . 3 . 4 . 2 )

£>3f/,X  A >’»-,/ + + 8 s ql Y j & T C i , - q +  S i ,  ( 3 . 3 . 4 . 3 )

wh e re  f rom (3 . 3 . 4 . 2 ) :

fii — 1 XnL ?mLl AnL
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From e q u a t i o n  3 . 3 . 4 . 3  t h r ee  d i f f e r e n t  e r r o r  c o r r e c t i o n  

e m p i r i c a l  m o d e l s  can be de r i ve d ,  as d e f i n e d  t h e o r e t i c a l l y  in S e c t i on  

3.1.  The  th r ee  e m p i r i c a l  m o d e l s  e x a m i n e d  for  i n d u s t r i a l i s e d  and 

e m e r g i n g  m a r k e t  e c o n o m i e s  are  as fo l l ows :

I-
3 3 3

A era = <f>, ( erit-\ ~Ooi ~ On mit-\+ 0 2 i T -1) + ¿> i i /X A er¡¡-q +8 2  ?/ X  A w ^  3 qi X  A y  u _q + s ,,
<7=1 q=0 q=0

II -
3 3 3

Aerit = <f>, ( erit-1 -  O0i -  On mit-\ + 9 2, y it-\ “ On irit-1) + 8 i?«X Aer»-, + 8 2 9;X  ~ 8 3?X  ̂ u - q
<7=1 <?=0 <7=0

3
+S4tli2^Airi,-q + £n

q=0

III -
3 3

A era = <t>, ( er„_i -  <90/ ~ On mit-1 + On y û  -  On irit-1 -  9 m nn-1) + 5 i^X  Aer,,-(/ + A 2?/X
q=\ </=0

3 3 3
~ S i q i  X  + £ 49<x  i t-q  8  S q i^ ^ j  ^ 7T i,-q  ~^ £  it

q=0 q- 0 i/=0

The  e c o n o m i c  l i t e r a t u r e  p o i n t s  out  to the  e x i s t e n c e  o f  a 

p o s i t i v e  r e l a t i o n s h i p  b e t w e e n  the m o n e y  s u p p l y  and the e xc ha n ge  

ra t e  so t ha t  it is e x p e c t e d  t ha t  the  s ign  on the  m o n e y  s u pp l y  

c o e f f i c i e n t  is p o s i t i v e  and s t a t i s t i c a l l y  eq u a l  to one .  The  idea  is t ha t  

an i n c r e as e  in the  m o n e y  s u p p l y  d i f f e r e n t i a l  l eads  to a p r o p o r t i o n a l  

c h an g e  in the  e x c h a n g e  ra t e .  A l t h o u g h  the p r o g r a m  and the 

p r o c e d u r e s  to run the  m o d e l s  we r e  the  s ame ,  some  r e s u l t s  s ho we d  

u n e x p e c t e d  n e g a t i v e  s igns  on the  m o n e y  s u p p l y  c o e f f i c i e n t .  The  

s t r a t e g y  to dea l  wi th  th i s  p r o b l e m  was  to i d e n t i f y  c o u n t r i e s  in the  

s amp l e  w h i c h  mi gh t  be p o t e n t i a l l y  a f f e c t i n g  the  r e su l t s .  Thi s  

p r o c e d u r e  p r o d u c e d  a s u bs t a n t i a l  i m p r o v e m e n t  in the r e s u l t s  by 

d r o p p i n g  A u s t r a l i a  and Mex ic o  f rom the s amp l e  for  i n d u s t r i a l i s e d  

m a r k e t  e c o n o m i e s  and e m e r g i n g  m a r k e t  e c o n o m i e s ,  r e s p e c t i v e l y .
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A d d i t i o n a l l y ,  a c o m m o n  t r end  was  a l so  i n c l u d e d  for  d e v e l o p e d  

e c o n o m i e s  wh i ch  b r o u g h t  a b ou t  a b e t t e r  r e s u l t  for  the  e s t i m a t e d  

c o e f f i c i e n t s .  H o w e v e r ,  the  i n t r o d u c t i o n  o f  a s i m i l a r  c o m m o n  t r end  

for  e m e r g i n g  m a r k e t  e c o n o m i e s  did not  b r i ng  a b ou t  s i g n i f i c a n t  

i m p r o v e m e n t s .  A l t h o u g h  t he se  two d e v i c e s  we r e  s u cc e s s f u l  in 

p r o m o t i n g  e c o n o m e t r i c  i m p r o v e m e n t s ,  the  r e su l t s  for  M2,  the  b r o ad  

m o n e y  s u p p l y  m e a s u r e ,  did  not  have  a c o h e r e n t  e c o n o m i c  

i n t e r p r e t a t i o n .  Hen ce ,  the  o u t p u t s  for  the  m o d e l s  I, II,  and  III ,  us ing  

M2 as a r e g r e s s o r  for  bo th  sets  o f  c o u n t r i e s  we re  e x c l u d e d  f rom the 

a n a l y s i s  s i nce  they  c o m p u t e d  n e g a t i v e  s igns  on the  m o n e y  s u p p l y  

c o e f f i c i e n t  and  p o s i t i v e  s igns  on the  r ea l  i n c o me  c o e f f i c i e n t .

The  s t a n d a r d  e c o n o m e t r i c  p r o c e d u r e s  used  to run all  the 

d i f f e r e n t  e m p i r i c a l  m o de l s  a l so  i n c l u d e d  the use  o f  a c o m mo n  

d e t e r m i n i s t i c  r e g r e s s o r  (an i n t e r c e p t ) .  M o r e o v e r ,  in o rd e r  to p r e v e n t  

the  p o s s i b i l i t y  o f  c o m m o n  f a c t o r  e f f ec t s ,  s i nce  l a g ge d  d e p e n d e n t  

v a r i a b l e s  are  used  as r e g r e s s o r s ,  the  da t a  we re  c r o s s - s e c t i o n  

d e m e a n e d .  The  lag o r de r s  a d o p t ed  for  i n d u s t r i a l i s e d  and e m e r g i n g  

m a r k e t  e c o n o m i e s  we r e  b a s ed  on the S c h w a r z  B a y e s i a n  c r i t e r i o n  

( SBC)  on the  u n r e s t r i c t e d  mode l  s ub j ec t  to a m a x i m u m  lag o rd e r  o f  

t h ree .  For  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  u s ing  M l  as a r e g r e s s o r ,  

the  SBC r e v e a l e d  t ha t  the  mos t  c o m m o n  lag o r d e r  are  A D R L  ( 1 , 1 , 0 ) ,  

A D R L  ( 1 , 1 , 0 , 0 )  and A D R L  ( 1 , 1 , 0 , 0 , 0 )  for  the  m o d e l s  I, II and III ,  

r e s p e c t i v e l y .  For  e m e r g i n g  m a r k e t  e c o n o m i e s ,  u s i ng  M l  as a 

r e g r e s s o r ,  the  lag o r d e r  was  fo u nd  to be d i s p e r s e d ,  bu t  an A DRL  

( 1 , 1 , 0 )  and ( 1 , 1 , 0 , 0 )  p r e v a i l e d  for  the  e m p i r i c a l  m o d e l s  I and II, 

r e s p e c t i v e l y .  The  me a n  g roup  e s t i m a t e s  we r e  used  as i n i t i a l  

e s t i m a t e s  o f  the  l o n g - r u n  p a r a m e t e r s 35.

The  e c o n o m e t r i c  r e su l t s  we r e  o r g a n i s e d  in t h r e e  d i f f e r e n t  

g roups :  the  f i r s t  one r e p o r t s  c o u n t r y  by  c o u n t r y  l o n g - r u n  e s t i m a t e s

35 The pooled mean group (PMG) computations were carried out using the Newton-Raphson algorithm in a 
program written in Gauss language.
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b a s e d  on pane l  OLS ( g r o u p - s p e c i f i c  e s t i m a t i o n ) ,  the  s e c on d  one 

r e p o r t s  c o u n t r y  by c o u n t r y  l o n g - r u n  e s t i m a t e s  b a s e d  on PMG,  the 

t h i r d  one  r e p o r t s  t he  l o n g - r u n  c o e f f i c i e n t  e s t i m a t e s  and l o n g - r un  

r e l a t i o n s h i p s  o f  the  m o de l  b a s ed  on MG and  PMG p r o c e d u r e s  for  the 

s u m m a t i o n  o f  c o u n t r i e s  as whole .

In p r a c t i c e ,  for  a l o n g - r u n  r e l a t i o n s h i p  to ho l d  it is 

r e q u i r e d  t ha t  <j)i ( see  e q u a t i o n  3 . 3 . 4 . 3 )  is s t a t i s t i c a l l y  n e g a t i v e .  

H e n ce ,  for  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  u s i ng  M l  as a r e g r e s s o r  

and e m p i r i c a l  mode l  I, the  r e su l t s  b a sed  on c o u n t r y  by c o u n t r y  pane l  

OLS for  s even  c o un t r i e s ,  e x c l u d i n g  Ca na d a ,  I t a l y  and  the  Un i t ed  

K i n g d o m  w h i c h  had i n s i g n i f i c a n t  c o e f f i c i e n t  <j)i , s u p p o r t e d  a long-

run r e l a t i o n s h i p  b e t w e e n  the m o n e y  s upp l y ,  r ea l  i n c o me  and  the 

e x c h a n g e  r a t e  at the  5% leve l  o f  s i g n i f i c a n c e .  The  r e s u l t s  o f  c o u n t r y  

by c o u n t r y  PMG,  r e v e a l e d  t ha t  al l  c o u n t r i e s  had l o n g - r u n  

r e l a t i o n s h i p s  as <j)i was  found  to be s t a t i s t i c a l l y  s i g n i f i c a n t  ( see

T ab le  3 .9) .  Th i s  s hows  tha t  PMG p e r f o r m a n c e s  b e t t e r  t han  OLS.  

M o r e o v e r ,  the  l o n g - r u n  r e l a t i o n s h i p  e s t i m a t e d  by MG and  PMG was  

found  to be s t a t i s t i c a l l y  s i g n i f i c a n t  for  the  s u m m a t i o n  of  

i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  as wh o l e  ( see  T ab l e  3 .9) .  The  long-  

run c o e f f i c i e n t s ,  e s t i m a t e d  by  MG and by PMG,  we r e  p o s i t i v e  for  

Ml  and  n e g a t i v e  for  r ea l  i nc ome  for  the  s u m m a t i o n s  o f  c o u n t r i e s  as 

wh o l e  and th i s  r e s u l t  me t  the  e x p e c t e d  s igns  a c c o r d i n g  to the  

t h e o r e t i c a l  e c o n o m i c  mode l  I ( see  T ab l e  3 .10) .
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Table 3.9 -  Long-run Relationship for Industrialised Economies*
(by Country)

Countries
Model  I Model  II Model  III

^ OLS 4>,PMG 0 . OLS <t>irMG f  OLS 4>,.PMG

Canada - 0 . 0 4 2 3
( - 0 . 4 1 7 )

- 0 . 1 2 5
( - 3 . 5 9 4 )

- 0 . 0 3 6 5  
( - 0 . 3 3  1 )

- 0 . 1 3 1
( - 3 . 4 0 5 )

0 . 0 8 3 8
( - 0 . 6 9 9 )

- 0 . 1 3 1
( - 3 . 4 0 5 )

France - 0 . 1 2 3 3
( - 2 . 4 1 8 )

- 0 . 0 4 7
( - 2 . 7 5 7 )

- 0 . 1 1 8 7
( - 2 . 0 4 6 )

- 0 . 0 5 4
( - 1 . 8 9 6 )

- 0 2 2 5 5
( - 3 . 4 0 2 )

- 0 . 0 5 3  
( - 1 . 8 7 3 )

Germany - 0 . 1 0 5 8
( - 2 . 1 2 5 )

- 0 . 1 2 9
( - 3 . 0 2 2 )

- 0 . 1 0 8 8
( - 2 . 1 1 )

- 0 . 1 2 4
( - 2 . 9 8 6 )

- 0 . 1 8 0 2
( - 2 . 6 7 7 )

- 0 . 1 1 8
( - 2 . 8 6 1 )

Italy - 0 . 0 4 9 4  
( - 1  . 1 2 9 )

- 0 . 1 0 2
( - 2 . 6 7 2 )

- 0 . 1 7 9
( - 3 . 5 1 4 )

- 0 . 1 3 8
( - 3 . 2 4 9 )

- 0 . 2 0 0 6
( - 3 . 5 9 8 )

- 0 . 1 4
( - 3 . 2 9 4 )

Japan - 0 . 1 3 9 5
( - 2 . 9 9 7 )

- 0 . 1 4 5
( - 4 . 2 0 4 )

- 0 . 1 3 5 3
( - 2 . 7 7 5 )

- 0 . 1 5 4
( - 4 . 1 6 9 )

- 0 . 1 1 4 9  
( - 1 . 8 2 2 )

- 0 . 1 5 2
( - 4 . 1 1 3 )

Norway - 0 . 4 3 3 1
( - 4 . 3 9 4 )

- 0 . 4 2 7
( - 4 . 4 9 6 )

- 0 . 4 7 5 6
( - 5 . 0 4 9 )

- 0 . 4 1 9
( - 4 . 7 6 3 )

- 0 . 4 6 9 4
( - 4 . 8 7 3 )

- 0 . 4 1 1
( - 4 . 6 7 4 )

Portugal - 0 . 0 6 0 9
( - 2 . 8 8 4 )

- 0 . 0 3 5
( - 2 . 8 2 7 )

- 0 . 0 6 6 2
( - 2 . 7 1 3 )

- 0 . 0 4 8
( - 2 . 1 4 6 )

- 0 . 0 3 1 7
( - 0 . 6 5 8 )

- 0 . 0 5 6
( - 2 . 1 8 9 )

Spain - 0 . 1 3 2 2
( - 3 . 1 1 1 )

- 0 . 0 7 5
( - 2 . 4 2 2 )

- 0 . 1 3 4 8  
( - 3 . 3  1 6 )

- 0 . 0 8 1
( - 2 . 6 6 1 )

- 0 . 0 9 7
( - 2 . 3 9 2 )

- 0 . 0 8 2
( - 2 . 7 0 6 )

United
Kingdom

- 0 . 3 7 7 4
( - 1 . 6 3 8 )

- 0 . 0 7 5
( - 2 . 5 0 1 )

- 0 . 1 1 7 4
( - 1 . 0 0 7 )

- 0 . 0 8 5
( - 2 . 7 6 4 )

- 0 . 1 1 6 8  
( - 1 . 3 9 1 )

- 0 . 0 8 5
( - 2 . 7 9 3 )

* Th e  s t a t i s t i c s  in p a r e n t h e s i s  are  ¿ - s t a t i s t i c s .
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T ab l e  3 .10 -  A l t e r n a t i v e s  Po o led  E s t i m a t e s  U s i n g  M l  -
I n d u s t r i a l i s e d  E c o n o m i e s 1

Model  I
MGE PMGE Statist ics

Ml y i r n <t>i Ml y ir n <f>i L R H- T*

2 . 6 6 7
( 1 . 4 7 )

- 5 . 6 6 6
( - 1 . 2 2 4 ) - -

- 0 . 1 4 3  
( - 3 . 5  8 3 )

1 . 0 1 5
( 4 . 3 2 2 )

- 0 . 1 6
( -  1 . 6 9 7 ) - -

- 0 . 1 2 9
( - 3 . 2 9 8 )

3 7 . 2 8
[ 0 . 0 0 2 ]

1 . 8 5  
[ 0 . 4 0 ]

Model  II
MGE PMGE Statist ics

Ml y i r n <P, Ml y ir 71 fa L R H - T '

3 . 2 6 4
( 1 . 9 1 )

- 2 . 2 5 7
( - 2 . 2 8 )

0 . 0 2
( 1 . 9 1 ) -

- 0 . 1 5 2
( - 3 . 5 7 )

0 . 8 8 8
( 3 . 9 8 )

- 0 . 4  1 9  
( - 2 . 7 5 )

0 . 0 1  1
( 3 . 2 5 ) -

- 0 . 1 3 7
( - 3 . 6 7 )

5 7 . 4  1 
[ 0 . 0 0 0 ]

5 . 3
[ 0 . 1 5 ]

Model  III
MGE PMGE Statist ics

Ml y ir n fa Ml y i r n fa L R H - T '

2.229
(1.22)

-2.413
(-1.66)

0.027
(2.77)

-1.529
(1.41)

-0.174
(-4.11)

0.90 1 
(3.9)

-0.462
(-2.39)

0.0 11 
(3.24)

-0.082
(-0.35)

-0 136 
(-3.71)

86.46
[0.0]

5.84
[0.2]

1 Figures in parentheses and brackets are /-statistics and p-values, respectively. 

Hausman Test Statistics.

The  e m p i r i c a l  m o de l  II i n c l u d e s  the  i n t e r e s t  r a te  

d i f f e r e n t i a l  as an a d d i t i o n a l  r e g r e s s o r ,  and  it i m p l i e s  t h a t  U IR P does  

not  ho ld .  The  r e s u l t s  o f  c o u n t r y  by c o u n t r y  p a n e l  OLS s h o w e d  tha t  

C a n a d a  and the U n i t e d  K i n g d o m  do not  have  a l o n g - r u n  r e l a t i o n s h i p  

b e t w e e n  e x c h a n g e  ra t e  m o v e m e n t s  and m o n e t a r y  f u n d a m e n t a l s .  In 

c o n t r a s t ,  the  r e s u l t s  o f  c o u n t r y  by c o u n t r y  PMG r e v e a l e d  t h a t  all 

c o u n t r i e s  have  a l o n g - r u n  r e l a t i o n s h i p .  The  c o e f f i c i e n t s  (j>i we r e  all  

f o un d  to be s t a t i s t i c a l l y  s i g n i f i c a n t  ( see  T ab l e  3 .9) .  S i g n i f i c a n t  

l o n g - r u n  r e l a t i o n s h i p s  b e t w e e n  f u n d a m e n t a l s  and e x c h a n ge  ra t e  were  

a l so  found  for  the  s u m m a t i o n  o f  the  c o u n t r i e s  as a w ho l e  by  MG and 

PMG p r o c e d u r e s  ( see  T a b l e  3 .10) .  A d d i t i o n a l l y ,  a s t a t i s t i c a l l y  

s i g n i f i c a n t  p o s i t i v e  c o e f f i c i e n t  was  f o u nd  on the  i n t e r e s t  ra t e  

d i f f e r e n t i a l  by  MG and PMG p r o c e d u r e s  wh i c h  can be  i n t e r p r e t e d  as



e v i d e n c e  in f a v ou r  o f  a f l e x i b l e - p r i c e  r e g i m e  (see  T ab l e  3 . 1 0 ) 36. The 

o t h e r  c o e f f i c i e n t s  had  the  s igns  p r e d i c t e d  by the  t h e o r e t i c a l  

e c o n o m i c  mo d e l .

E m p i r i c a l  mode l  III ,  w h i c h  i n c l u d e s  the  e x p e c t e d  fu ture  

i n f l a t i o n  r a t e  d i f f e r e n t i a l  as an a d d i t i o n a l  r e g r e s s o r ,  and a s s ume s  

tha t  U IR P  does  not  ho ld ,  p r o d u c e d  p o o r e r  r e s u l t s  f rom the  c o u n t r y  

by  c o u n t r y  pa ne l  OLS,  r e v e a l i n g  the i n e x i s t e n c e  o f  a l o n g - r u n  

r e l a t i o n s h i p  for  t h r ee  c o u n t r i e s  ( C a na da ,  P o r t ug a l  and  the  Un i t ed  

K i n g d o m ) .  The  c o un t r y  by c o u n t r y  PMG,  on the  o t he r  hand ,  

p r o d u c e d  e s t i m a t e s  for  the  c o e f f i c i e n t  <j)i s t a t i s t i c a l l y  s i g n i f i c a n t  for  

al l  c o u n t r i e s  i n v e s t i g a t e d  (see  Ta b l e  3 .9) .  F u r t h e r m o r e ,  and 

c o n f i r m i n g  the  r e su l t s  o b t a i n e d  for  e m p i r i c a l  m o d e l s  I and  II, MG 

and  PMG p r o c e d u r e s  r e v e a l e d  once  aga in  l o n g - r u n  r e l a t i o n s h i p s  for  

i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  as a w h o l e  ( see  T ab l e  3 .10) .  The 

c o e f f i c i e n t  on the  i n t e r e s t  r a t e  d i f f e r e n t i a l  had  a p o s i t i v e  s ign for  

the  s u m m a t i o n  o f  d e v e l o p e d  e c o n o m i e s  us i ng  MG and PMG,  

s u p p o r t i n g  the  f l e x i b l e - p r i c e  c on t ex t .  The  o t he r  e x p e c t e d  s igns  on 

c o e f f i c i e n t s  we re  on l y  c o r r e c t l y  e s t i m a t e d  by  PMG.  The  c o e f f i c i e n t  

on the  e x p e c t e d  f u t u r e  i n f l a t i o n  ra t e  d i f f e r e n t i a l  e s t i m a t e d  by MG 

and PMG for  the  s u m m a t i o n  o f  c o u n t r i e s  as a w h o l e  was  f o u n d  to be 

s t a t i s t i c a l l y  i n s i g n i f i c a n t  ( see  Ta b l e  3 .10) .  Th i s  is an i m p o r t a n t  

f i n d i n g  and it r e ve a l s  t ha t  the  e x p e c t e d  f u t u r e  i n f l a t i o n  r a t e  ma y  

have  a l r e a d y  b een  i n c o r p o r a t e d  in to  the  l o n g - r u n  f u n d a m e n t a l  

e c o n o m i c  m o de l  o f  the  e x c h a n g e  ra t e  by  m a r k e t  a ge n t s  and c a p t u r e d  

by the  m o n e y  s up p l y  d i f f e r e n t i a l .  It a l so  c o n f i r m s  the  t h e o r e t i c a l  

p r e d i c t i o n  t ha t  e x p e c t a t i o n s  o f  f u t u r e  i n f l a t i o n  are  not  r e l e v a n t  to 

e x p l a i n  e x c h a n g e  ra t e  m o v e m e n t s  ( see  S e c t i o n  3.1) .
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36 According to the theoretical literature (see Section 3.1) a positive sign on the interest rate differential 
coefficient reveals that changes in the price level are accommodated by adjustments on the exchange rate 
for a given money supply.
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The  l o n g - r u n  c o e f f i c i e n t  on the  m o n e y  s u p p l y  e s t i m a t e d  

for  the  s u m m a t i o n  o f  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  as a wh o l e  

p r o v i d e d  s t a t i s t i c a l l y  s i g n i f i c a n t  v a l ue s  c lo se  to one for  all

e c o n o m i c  mo d e l s .  Th i s  i m p o r t a n t  r e s u l t  c o n f i r m s  the  va lu e s  

p r e d i c t e d  by  the  t h e o r e t i c a l  mode l .  The  e s t i m a t e s  on the M l

c o e f f i c i e n t  c o m p u t e d  by PMG were  1 .0156  ( / - s t a t i s t i c  for  0U= 1 is

0 . 0 6 52 ) ,  0 . 888  ( / - s t a t i s t i c  for  du = \ is - 0 . 5 0 9 1) ,  0 . 90 1 2  ( / - s t a t i s t i c  

for  du— 1 is - 0 . 4 3 0 4 )  for  e m p i r i c a l  m o d e l s  I, II,  III ,  r e s p e c t i v e l y ,

w h i c h  were  not  found  to be s t a t i s t i c a l l y  d i f f e r e n t  f rom one as

p r e d i c t e d  by the  t h e o r y  (see  T ab le  3 .10) .

A n o t h e r  r e l e v a n t  f i nd i n g  was  c o m p u t e d  by  the  l i k e l i h o o d  

r a t i o  (LR)  s t a t i s t i c  and  the H a u s m a n  t e s t  s t a t i s t i c .  The  LR s t a t i s t i c ,  

wh i c h  is d i s t r i b u t e d  as a ^ 2( l 6) ,  j 2(24) and  j 2(32) for  e m p i r i c a l

m o d e l s  I, II and III ,  r e s p e c t i v e l y ,  t e s t s  for  equa l  l o n g - r u n  

p a r a m e t e r s  u s ing  M l  as a r e g r e s s o r .  Th i s  s t a t i s t i c  r e j e c t e d  the 

a s s u m p t i o n  o f  equa l  l o n g - r u n  p a r a m e t e r s  s u p p o r t i n g  the  h y p o t h e s i s  

t ha t  l o n g - r u n  c o e f f i c i e n t s  d i f f e r  a c r os s  c o u n t r i e s .  The  H a u s m a n  

s t a t i s t i c  a l so  t e s t e d  the  same  h y p o t h e s i s  b a s e d  on

V (M G E )-V ^P M G E ^-Q  for  the  t h ree  e m p i r i c a l  m o d e l s  h a v i n g  M l  as a

r e g r e s s o r .  The  h y p o t h e s i s  o f  a s i g n i f i c a n t  d i f f e r e n c e  for  the  l ong-  

run  p a r a m e t e r s  a c r os s  c o u n t r i e s  did not  h o l d  (see  T ab l e  3 .10) .  The  

i n t e r p r e t a t i o n  g i ven  by the  H a u s m a n  t e s t  did  s u g g e s t  t ha t  the  l ong-  

run c o e f f i c i e n t s  do not  d i f f e r  a c r os s  c o u n t r i e s  and tha t  t h e re  is l ong-
•37

run h o m o g e n e i t y  .

In r e l a t i o n  to e m e r g i n g  m a r k e t  e c o n o m i e s ,  e mp i r i c a l  

m o d e l s  I and II,  u s ing  M l  as a r e g r e s s o r ,  were  c o n s i d e r e d

t h e o r e t i c a l l y  r e l e v a n t  g i ve n  the  s igns  c o m p u t e d  on the m o n e y  s u p p l y  

c o e f f i c i e n t .  A l t h o u g h  the r e s u l t s  o f  e m p i r i c a l  m o d e l  III  were  37

37 The literature usually points out the Hausman test as more robust than LR statistic test.
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r e p o r t e d  the  c o e f f i c i e n t  s igns  were  no t  t h e o r e t i c a l l y  c o n s i s t e n t  ( see  

T a b l e  3 .11) .  N o t e  a l so  t ha t  M e x i c o ’s da ta  were  d r o p p e d  out  f rom the 

s amp le .  As o p p o s e d  to i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  the  

i n c l u s i o n  o f  a c o m m o n  t r e nd  d id  not  p r o d u c e  s u bs t a n t i a l  

i m p r o v e m e n t s  to the  r e su l t s .  Hen ce ,  the  e s t i m a t e s  g e n e r a t e d  f rom 

c o u n t r y  by c o u n t r y  p a ne l  OLS for  e m p i r i c a l  m o d e l  I d e m o n s t r a t e d  

t ha t  on l y  two  c o u n t r i e s  out  o f  s ix had  a l o n g - r u n  r e l a t i o n s h i p  

b e t w e e n  the  e x c h a n g e  ra t e  and m o n e t a r y  f u n d a m e n t a l s .  Ch i l e  and 

Sou t h  A f r i c a  had  c o e f f i c i e n t s  (¡>i s t a t i s t i c a l l y  s i g n i f i c a n t  at  the  5% 

l evel  o f  s i g n i f i c a n c e  for  e mp i r i c a l  mode l  I wi t h  M l  as a r e g re s s o r .  

W he n  the  da t a  we r e  a n a l y s e d  for  the  c o u n t r y  by  c o u n t r y  PMG 

p r o c e d u r e ,  the  r e su l t s  d id not  show s u b s t a n t i a l  i m p r o v e m e n t s  in 

c o m p a r i s o n  wi th  pa ne l  OLS c o m p u t a t i o n s ,  as j u s t  t h r ee  out  o f  six 

c o u n t r i e s  ( Ch i l e ,  So u t h  Kor ea  and T u r ke y )  had  a s t a t i s t i c a l l y  

s i g n i f i c a n t  l o n g - r u n  r e l a t i o n s h i p  (see  T a b l e  3 .11) .  For  e m p i r i c a l  

m o de l  II,  So u th  Ko r e a  and Sou t h  A f r i c a  had s i g n i f i c a n t  l o n g - r u n  

r e l a t i o n s h i p s  e s t i m a t e d  by c o u n t r y  by c o u n t r y  p a n e l  OLS.  Chi l e ,  

M a l a y s i a  and T u r k e y  had  s i g n i f i c a n t  l o n g - r u n  r e l a t i o n s h i p s  

e s t i m a t e d  by c o u n t r y  by  c o u n t r y  PMG.  For  e m p i r i c a l  mode l  III  on l y  

M a l a y s i a  d id no t  have  a s i g n i f i c a n t  l o n g - r u n  r e l a t i o n s h i p  for  both  

e s t i m a t i o n  p r o c e d u r e s  ( see  Ta b l e  3 .11) .  Ch i l e  was  the  on l y  c o u n t r y  

t ha t  had a l o n g - r u n  r e l a t i o n s h i p  for  bo t h  e s t i m a t i o n  p r o c e d u r e s ,  t ha t  

is pa ne l  OLS and P MG,  for  the  t h r ee  e m p i r i c a l  mo d e l s .  The  o t he r  

c o u n t r i e s  had  m i xe d  r e s u l t s  wh i c h  do not  a l l o w  a r o b u s t  c o n c l u s i o n .  

In c o n t r a s t  to the i n d i v i d u a l  c o m p u t a t i o n s  c o u n t r y  by c ou n t r y ,  

s i g n i f i c a n t  l o n g - r u n  r e l a t i o n s h i p s  b e t w e e n  e x c h a n g e  ra t e  m o v e m e n t s  

and m o n e t a r y  f u n d a m e n t a l s  were  r e v e a l e d  for  the  p a ne l  o f  c o u n t r i e s  

as wh o l e  for  e m p i r i c a l  m o de l s  I and  III .  PMG c o m p u t e d  the 

c o e f f i c i e n t  (f>i as s t a t i s t i c a l l y  s i g n i f i c a n t  for  e m p i r i c a l  m o d e l s  I and

III and  the  MG m e t h o d  for  e m p i r i c a l  mode l  II I ,  e x c e p t i o n a l l y .  

E m p i r i c a l  m o de l  II did  no t  p r o d u c e  a s t a t i s t i c a l l y  s i g n i f i c a n t  l ong-
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run  r e l a t i o n s h i p  for  the  s u m m a t i o n  o f  e m e r g i n g  m a r k e t  e c o n o m i e s  as 

w h o l e  by bo t h  MG and PMG (see  T a b l e  3 .12) .  The  c o e f f i c i e n t s  on 

the  m o n e y  s u p p l y  d i f f e r e n t i a l  were  s t a t i s t i c a l l y  i n s i g n i f i c a n t  for  

e m p i r i c a l  m o d e l s  I and  II. Thi s  was  an u n e x p e c t e d  r e su l t  and it ma y  

be i n t e r p r e t e d  t ha t  m o n e t a r y  s ho ck s  do not  e xp l a i n  e x c h a n g e  ra te  

m o v e m e n t s  in the long  run  for  e m e r g i n g  m a r k e t  e c o n o m i e s .  

F u r t h e r m o r e ,  e m p i r i c a l  mode l  III did not  p r o d u c e  the  e x p e c t e d  s ign 

on the  m o n e y  s u p p l y  c o e f f i c i e n t  for  b o t h  e s t i m a t i o n  p r o c e d u r e s  ( see  

T a b l e  3 .12) .  The c o e f f i c i e n t s  on the  real  i n c o m e  d i f f e r e n t i a l  

r e v e a l e d  s i g n i f i c a n t  n e g a t i v e  s igns  p r e d i c t e d  by the  t h e o r y  for  bo th  

the  MG and PMG p r o c e d u r e s .  The  s i g n i f i c a n t  p o s i t i v e  s igns  found  

for  the  i n t e r e s t  r a te  d i f f e r e n t i a l  c o n f i r m e d ,  once  aga in ,  t ha t  the 

h y p o t h e s i s  o f  a f l e x i b l e - p r i c e  c o n t e x t  a l so  h o l ds  for  e m e r g i n g  

m a r k e t  e c o n o m i e s .
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Table 3.11 -  Long-run Relationship for Emerging Economies*
(by Country)

Countries
Model  I Model  II Model  III

^  OLS f i / M G ^(OLS ^ PMG ^ OLS 0VMG

Chile - 0 . 0 6 4 5
( - 1 . 8 9 1 )

- 0 . 0 4 2 3
( - 2 . 2 8 6 )

- 0 . 0 4 6 4  
( -  1 . 3 8 9 )

- 0 . 0 1 5 5  
( - 1  . 8 7 5 )

- 0 . 4 0 0 3  
( - 2 . 1 6 4 )

- 0 . 3 4 5 2  
( - 3 . 3  8 4 )

S. Korea - 0 . 0 7 4 3  
( - 1 . 6 0 9 )

- 0 . 0 7 3 5
( - 1 . 7 5 1 )

- 0 . 0 7 6 6
( - 1 . 6 7 9 )

- 0 . 0 1 4 3
( - 1 . 3 2 3 )

- 0 . 7 5 8 2
( - 7 . 6 1 9 )

- 0 . 6 8 7
( - 7 . 5 9 6 )

Malaysia - 0 . 0 3 5 2
( - 1 . 1 2 6 )

- 0 . 0 3 0 9  
( -  1 . 0 5 3 )

- 0 . 0 2 5 3  
( - 0 . 9 1 1 )

- 0 . 0 2 7
( - 2 . 1 8 3 )

- 0 . 2 0 4  
( -  1 . 5 6 8 )

- 0 . 1 1 3 2
( - 1 . 5 8 1 )

S. Africa - 0 . 3 8 4 6
( - 2 . 7 5 7 )

- 0 . 0 0 8  
( - 1  . 0 2 9 )

- 0 . 3 8 5  1 
( - 2 . 7 0 4 )

- 0 . 0 0 3 5
( - 0 . 8 4 3 )

- 0 . 8 0 1 9
( - 5 . 7 6 4 )

- 0 . 1 8 0 6  
( - 1 . 9 6 8 )

Thai land - 0 . 0 1 6 3
( - 0 . 6 7 6 )

- 0 . 0 1 7 5
( - 0 . 9 6 1 )

- 0 . 0 1 0 2
( - 0 . 4 2 3 )

- 0 . 0 1 4 3
( - 1 . 5 9 8 )

- 0 . 9 0 2 6
( - 5 . 8 7 3 )

- 0 . 4 6 0 4
( - 4 . 7 6 8 )

Turkey - 0 . 0 1 4 3  
( -  1 . 3 7 9 )

- 0 . 0 1 4 9
( - 1 . 9 5 4 )

- 0 . 0 1 2 1
( - 1 . 3 2 9 )

- 0 . 0 1 6 1
( - 2 . 9 0 8 )

- 0 . 5 0 4 5
( - 3 . 7 1 4 )

- 0 . 9 0 2 6
( - 5 . 8 7 3 )

* Th e  s t a t i s t i c s  in p a r e n t h e s i s  are  f - s t a t i s t i c s .
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T ab l e  3 .12 -  A l t e r n a t i v e s  Po o l e d  E s t i m a t e s  U s i n g  M l  -
E m e r g i n g  E c o n o m i e s 1

Model  I
MGE PMGE Statist ics

M l y i r n 4>l M l y i r n <t>i L R H- T*

0 . 3 2 4
( 0 . 5 6 )

- 2 . 6 3 7
( - 2 . 5 4 3 ) - - - 0 . 0 9 8

( - 1 . 6 9 )
0 . 0 0 2
( 0 . 0 5 )

- 2 . 5 4  1 
( - 4 . 4 8 9 ) - - - 0 . 0 3  1 

( - 3 . 1 7 )
1 1 . 6 1 5  

[ 0 . 3  116]
0 . 8 4

[ 0 . 6 6 ]

Model  II
MGE PMGE Statist ics

M l y i r n M l y i r n <t>i L R H- T*

1 . 033
( 1 . 1 4 )

- 3 . 3 7 1
( - 2 . 6 4 )

0 . 0 6 8
( 2 . 7 3 ) - - 0 . 0 1 9

( - 1 . 3 7 )
1 . 751

( 1 . 6 7 )
- 3 . 2 9 9
( - 2 . 9 2 )

0 . 0 9 5
( 2 . 3 7 ) - 0 . 0 0 3

( 0 . 6 8 8 )
1 5 . 1 4 4  

[ 0 . 4 4  11] n . a

Model  III
MGE PMGE Statist ics

M l y i r n M l y i r n <t) l L R H- T*

- 0 . 4 2 8
( - 5 . 1 )

- 0 . 2 0 3
( - 1 . 2 )

0 . 0 0 4
( 1 . 1 2 3 )

0 . 8 2  1 
( 7 . 0 8 )

- 0 . 5 9 5
( - 5 . 4 1 )

- 0 . 4 2 4
( - 1 1 . 7 )

- 0 . 3 7  1 
( - 6 . 6 )

0 . 0 0 3
( 3 . 2 4 )

0 . 8 9 8
( 7 . 4 7 )

- 0 . 3  8 1 
( - 4 . 3 8 )

8 3 . 6 2
[0.00] n . a .

1 Figures in parentheses and brackets are f-statistics and p-values, respectively. 

Hausman Test Statistics.

It is a l so  o f  i n t e r e s t  to h i g h l i g h t  t ha t  the  l i k e l i h o o d  ra t i o  

(LR)  s t a t i s t i c ,  d i s t r i b u t e d  as a ^ 2(l0) ,  d id  no t  r e j e c t  the  h y p o t h e s i s

o f  equa l  l o n g - r u n  p a r a m e t e r s  for  e m p i r i c a l  m o d e l s  I and  II u s i ng  

M l .  Thi s  r e s u l t  was  c o n f i r m e d  by the H a u s m a n  t e s t  s t a t i s t i c  ( see  

T ab l e  3 .12) .  In e s s e n ce ,  it me a n s  t ha t  the  e x c h a n g e  ra t e  m o v e m e n t s  

in e m e r g i n g  m a r k e t  e c o n o m i e s  are  a f f e c t e d  s i m i l a r l y  in the  l ong  run.

F i n a l l y ,  the  c o m p u t a t i o n s  for  R 2 and R 2 o f  the  ECM did  

not  d e m o n s t r a t e  a g o od  p e r f o r m a n c e .  The  t h r e e  e m p i r i c a l  m o d e l s  

g e n e r a t e d  v e r y  l ow v a l u es  for  t he se  two s t a t i s t i c s  for  b o t h  se t s  o f  

e c o n o m i e s  in the  s ampl e .  Th i s  may  l e ad  to the  c o n c l u s i o n  tha t  the  

m o n e t a r y  a p p r o a c h  to e x c h a n g e  r a t e  d e t e r m i n a t i o n  is no t  ab le  to 

c a p t u r e  the de gr e e  o f  v a r i a t i o n  tha t  e x c h a n g e  r a t e  da t a  shows .
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T a b l e s  3.13 and 3.14 p r e s e n t  t he se  c o m p u t a t i o n s  for  i n d u s t r i a l i s e d  

and e m e r g i n g  m a r k e t  e c o n o m i e s ,  r e s p e c t i v e l y 38.

Ta bl e  3 .13 -  R 2 and r 2 E s t i m a t e d  by PMG U s i n g  M l  -
I n d u s t r i a l i s e d  E c o n o m i e s

Countries Model  I Model  II Model  III
R2 R2 R2 R2 R2 r

Canada 0.39 0. 335 0.38 0 . 315 0.381 0 . 304

France 0.373 0 . 327 0 . 377 0 . 322 0 . 377 0 . 312

Germany 0 . 346 0. 288 0 . 344 0 . 276 0 . 339 0 . 259

Italy 0 . 257 0 . 148 0 . 344 0 . 276 0. 258 0 . 168

Japan 0.541 0.491 0. 538 0.481 0 . 538 0 . 472

Norway 0.21 5 0.17 0 . 308 0 . 247 0 . 307 0. 235

Portugal 0. 222 0 . 177 0. 235 0 . 179 0 . 319 0 . 235

Spain 0 . 147 0 . 084 0 . 118 0 . 054 0.121 0. 043

UK 0. 448 0 . 398 0 . 457 0.40 0 . 458 0. 392

38 The investigation developed in this chapter differs from Rapach and Wohar (2004) by firstly conducting 
the study for two different categories of economies: industrialised and emerging economies. Secondly, 
three versions of the monetary model are tested in which two of them assume that UIRP does not hold. This 
hypothesis is important by assuming that factors others than monetary ones may affect the performance of 
the model. Thirdly, the long-run inflation rate differential as a third variable tests the validation of the long- 
run approach. Finally, in contrast to Rapach and Wohar different exchange rate regimes are considered in 
economic context distinct.
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T ab l e  3 .14 -  R 2 and r 2 E s t i m a t e d  by P MG U s i n g  M l  -
E m e r g i n g  E c o n o m i e s

Countries Model  I Model  II Model  III
R2 R2 R2 R2 R2 R2

Chile 0 . 576 0 . 467 0 . 497 0 . 406 n .a. n . a.

Korea 0.48 0 . 406 0. 485 0. 428 n .a. n .a.

Malaysia 0 . 529 0 . 446 0 . 337 0. 263 n .a. n .a.

S. Africa 0. 525 0 . 417 0 . 529 0.44 n . a. n .a.

Thai land 0. 428 0 . 344 0 . 564 0. 50 n . a. n . a.

Turkey 0 . 654 0.593 0 . 564 0.50 n .a. n . a .
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3.4 - C o n c l u s i o n

The  c en t r a l  a im o f  th i s  c h a p t e r  was  to d e v e l o p  an 

a d d i t i o n a l  c o n t r i b u t i o n  to i mp r o v e  the  u n d e r s t a n d i n g  o f  the 

r e l a t i o n s h i p  b e t w e e n  m o n e t a r y  f u n d a m e n t a l s  and e x c h a n g e  ra t e  

m o v e m e n t s .  The  r e s e a r c h  s t r a t eg y  c o n s i s t e d  o f  u s i ng  the  s t a nd a rd  

t h e o r e t i c a l  m o n e t a r y  m o de l  b a s e d  on t r a d i t i o n a l  v a r i a b l e s  b e l i e v e d  

to e x p l a i n  e x c h a n g e  ra t e  b e h a v i o u r .

T h r e e  d i f f e r e n t  v e r s i on s  o f  m o n e t a r y  m o d e l s  for  

e x c h a n g e  ra t e  d e t e r m i n a t i o n  were  i n v e s t i g a t e d :  The  f i r s t ,  a bas i c  

v e r s i o n ,  c o n s i s t e d  o f  m o n e y  s u p p l y  and  rea l  i n c o m e  v a r i a b l e s .  Two 

e x t e n s i o n s  o f  th i s  m o d e l  a d ded  the i n t e r e s t  r a t e  and e x p e c t e d  fu t u r e  

i n f l a t i o n  ra t e  d i f f e r e n t i a l s .  A d d i t i o n a l l y ,  u s i ng  da t a  in pa ne l  form,  

two d i f f e r e n t  g r o u p s  o f  c o u n t r i e s  we re  i n v e s t i g a t e d :  ten 

i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  and s e v en  e m e r g i n g  ma r ke t  

e c o n o m i e s .  The  o b j e c t i v e  was  to i n v e s t i g a t e  the  a b i l i t y  o f  the 

m o n e t a r y  a p p r o a c h  to e x p l a i n  e x c h a n g e  r a t e  m o v e m e n t s  in d i f f e r e n t  

e c o n o m i c  e n v i r o n m e n t s .  The m a c r o e c o n o m i c  r e a l i t y  b e t w e e n  the se  

two sets  o f  c o u n t r i e s  d i f f e r s  s i g n i f i c a n t l y  in t e rm s  o f  i n f l a t i o n ,  

b u d g e t  b a l a n c e ,  etc.  Thus ,  it was  e x p e c t e d  t ha t  the m o n e t a r y  

a p p r o a c h  to the  e x c h a n g e  ra t e  w o u ld  h a ve  d i f f e r e n t  e x p l a n a t o r y  

p o w e r  for  t he se  d i s t i n c t  e c o n o mi e s .

Mos t  o f  the  pane l  da t a  un i t  r oo t  t e s t s  c o n f i r m e d  t ha t  the 

v a r i a b l e s  u s ed  in thi s  i n v e s t i g a t i o n  we re  1(1) at the  5% and 1% 

s i g n i f i c a n c e  l eve l .  The  e x c h a n g e  r a t e  and i n t e r e s t  r a t e  o f  

i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  were  f o un d  to be s t a t i o n a r y  in 

l e ve l s  so t ha t  the  UI RP  c o n d i t i o n  ho lds .  For  p a ne l  c o i n t e g r a t i o n  

t e s t s ,  the  r e s u l t s  for  i n d u s t r i a l i s e d  ma r ke t  e c o n o m i e s  s h o we d  some 

e v i d e n c e ,  bu t  not  ro b us t ,  o f  c o i n t e g r a t i o n .  The  r e s u l t s  for  e m e r g i n g  

m a r k e t  e c o n o m i e s  r e j e c t e d  the  h y p o t h e s i s  o f  c o i n t e g r a t i o n  b e t w e e n
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e x c h a n g e  r a t e  m o v e m e n t s  and m o n e t a r y  f u n d a m e n t a l s .  He nc e ,  the 

h y p o t h e s i s  t ha t  m o n e t a r y  f u n d a m e n t a l s  d e t e r m i n e  e x c h a n g e  ra t e  

m o v e m e n t s  was  not  s u p p o r t e d  r o b u s t l y  by  the c o i n t e g r a t i o n  t es t s .

The  e c o n o m e t r i c  e s t i m a t i o n  p r o c e d u r e s  b a s ed  on the 

p o o l e d  me an  g r o up  ( P MG )  for  d y n a mi c  h e t e r o g e n e o u s  p a n e l s  o f f e r e d  

mo re  a t t r a c t i v e  r e su l t s .  The  g e ne r a l  r e s u l t s  for  i n d u s t r i a l i s e d  ma r ke t  

e c o n o m i e s  s u p p o r t e d  the  e x i s t e n c e  o f  a l o n g - r u n  r e l a t i o n s h i p  

b e t w e e n  the  e x c h a n g e  ra t e  and m o n e t a r y  f u n d a m e n t a l s .  The  r e su l t s  

for  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  we re  r e i n f o r c e d  as the 

c o e f f i c i e n t s  e s t i m a t e d  by  PMG for  the  m o n e y  s u p p l y  were  in 

a c c o r d a n c e  w i t h  the  t h e o r e t i c a l  e c o n o m i c  mo d e l .  For  e m e r g i n g  

m a r k e t  e c o n o m i e s ,  the  r e s u l t s  were  w e a k e r  as on l y  Ch i l e  

d e m o n s t r a t e d  a c o n s i s t e n t  l o n g - r u n  r e l a t i o n s h i p  b e t w e e n  the 

e x c h a n g e  ra t e  and m o n e t a r y  f u n d a m e n t a l s .

The  p o s i t i v e  s ign f o u n d  on the  i n t e r e s t  r a te  c o e f f i c i e n t  

was  in f a v ou r  o f  a f l e x i b l e - p r i c e  m o n e t a r y  m o d e l  and th i s  p r e v a i l e d  

for  b o t h  sets  o f  e c o n o mi e s .  Th i s  is an i m p o r t a n t  r e s u l t  as it  i mp l i e s  

a c o n t i n u o u s  PPP.  F u r t h e r m o r e ,  the  s t a t i s t i c a l  i n s i g n i f i c a n c e  o f  the 

e x p e c t e d  i n f l a t i o n  r a t e  c o e f f i c i e n t  led to the  c o n c l u s i o n  t ha t  this  

v a r i a b l e  is no t  r e l e v a n t  in e x p l a i n i n g  l o n g - r u n  e x c h a n g e  ra t e  

m o v e m e n t s .  Thi s  f i n d i n g  r e i n f o r c e s  the  h y p o t h e s i s  t ha t  i n f l a t i o n  

e x p e c t a t i o n s  are a l r e a d y  i n c l u d e d  in the  l o n g - r u n  f u n d a m e n t a l  

e q u a t i o n  o f  the  e x c h a n g e  rate .

For  e m e r g i n g  m a r k e t  e c o n o m i e s ,  n e v e r t h e l e s s ,  the 

m o n e t a r y  a p p r o a c h  did not  p r o v i d e  r o b u s t  e v i d e n c e  for  l o n g - r u n  

e x c h a n g e  ra t e  m o v e m e n t s .  One  p o s s i b l e  r e a so n  for  th i s  p o o r e r  

p e r f o r m a n c e  m i g h t  be a s s o c i a t e d  wi th  the  use  o f  m a n a g e d  e xc ha n ge  

ra t e  r e g im e s .  The  a d o p t i o n  o f  m a n a g e d  e x c h a n g e  ra t e  r e g im e s  

r e s t r i c t s  the  p e r f o r m a n c e  o f  the  m o n e t a r y  a p p r o a c h  in p r o v i d i n g  an 

a p p r o p r i a t e  e x p l a n a t i o n  for  e x c h a n g e  ra t e  m o v e m e n t s .
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In s u m ma r y ,  the  d i s c u s s i o n  abou t  the  r e l a t i o n  b e t w e e n  

e x c h a n g e  r a t e  b e h a v i o u r  and m o n e t a r y  f u n d a m e n t a l s  r e m a i n s  open .  

Eve n  t h o u g h  the  r e s u l t s  were  s o m e w h a t  mi xe d ,  th i s  c h a p t e r  was  able  

to f i nd  some  s u p po r t  for  the  m o n e t a r y  m o d e l  o f  e x c h a n g e  ra t e  

d e t e r m i n a t i o n  H o w e v e r ,  the  e s t i m a t e d  l o w e r  c o e f f i c i e n t  v a l ue s  than  

the  t h e o r y  p r e d i c t e d  s u g g es t s  t ha t  the  m o n e t a r y  a p p r o a c h  is on l y  

ab l e  to g ive  a p a r t i a l  e x p l a n a t i o n  to e x c h a n g e  r a t e  v o l a t i l i t i e s  and 

mo r e  r o b u s t  r e s u l t s  are s t i l l  ne ed e d .  The  d eb a t e  ab o u t  e x c h a n g e  ra t e  

d e t e r m i n a t i o n  has  m a c h  le f t  to e xp l o r e .  The e c o n o m i c  l i t e r a t u r e  

p o i n t s  to o th e r  p o s s i b l e  f ac to r s  t ha t  may  be ab le  to e x p l a i n  e xc ha n ge  

r a t e  b e h a v i o u r ,  such  as the  p r e s e n c e  o f  b u b b l e s ,  news ,  t r a n s a c t i o n  

cos t s ,  and o t h e r  m a r k e t  f r i c t i on s .  C h a p t e r  IV o f  th i s  t he s i s  m o v e s  on 

to i n v e s t i g a t e  the  p r e s e n c e  o f  b u b b l e s  in the  f o r e i g n  e xc ha n ge  

m a r k e t  u s i ng  the  M a r k o v - s w i t c h i n g  r e g i m e  a p p ro a ch .
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A P P E N D I X

A . l  - Pane l  Uni t  Ro o t  Tes t

L e v i n ,  Lin and Chu (2002)

A s s u m i n g  t ha t  the  s t o c h a s t i c  p r o c e s s  y u is g e n e r a t e d  by 

the f o l l o w i n g  mo d e l s :

Ay,., -  a 0i + 9, + a4  + A/JV, + C¡, (A . 1.1)

w h e r e  -2<<5,<0 \/i = l,...,N  and i f  £, = 0, then  «,, = 0. The  d i s t u r b a n c e  

£ it is d i s t r i b u t e d  i n d e p e n d e n t l y  a c r o s s  un i t s  and f o l l o ws  a s t a t i o n a r y  

i n v e r t i b l e  A R M A  p r o c e s s  for  each  uni t .

The  t r a d i t i o n a l  ADF t e s t  for  da t a  pa ne l  f o r ms  uses  t- 

s t a t i s t i c  to t e s t  the  nul l  h y p o t h e s i s  t ha t  £, = 0 Vz = . In

p a r t i c u l a r ,  the  s er i es  y u may  i n c l u d e  an i n d i v i d u a l - s p e c i f i c  me an  

and t i me  t r end  and the  t e s t  p r o c e d u r e  c o n s i s t s  o f  e v a l u a t i n g  the  nul l  

h y p o t h e s i s  t ha t  £, = 0 in ( A . 1.1) and a i , = 0 Vz' = l,..JV a g a i n s t  the 

a l t e r n a t i v e  h y p o t h e s i s  t ha t  ¿>,<0 and a , , eM Vz =

The  s t r a t e g y  a d op t e d  by LLC,  in t u rn ,  c o n s i s t s  o f  

c o m p u t i n g  a p a n e l  t e s t  s t a t i s t i c  in w h i c h  u n d e r  the  nu l l  h y p o t h e s i s  39

39 The researcher should be aware to the presence or not of a deterministic element, for example, an 
intercept or time trend, in the data. If this element is present in the data but it is not included into the 
regression procedure, then the unit root test will be inconsistent (see Campbell and Perron, 1991).
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the  n o r m a l i s e d  r e s i du a l  i n n o v a t i o n s  g,,40, are i n d e p e n d e n t  o f
a e,

the  n o r m a l i s e d  l a gg ed  r e s i d u a l s  v,,_,41, = for  each  un i t  in the

pa ne l  [see Lev i n ,  Lin and Chu  (2 0 0 2)  for  d e t a i l s ] .  Thus ,  the  

f o l l o w i n g  r e g r e s s i o n  can be p e r f o r m e d  to t e s t  the  nu l l  h y p o t h e s i s :

eit = Svu-i + £u (A.  1 .2 )

wh e re  A T 42 c o r r e s p o n d s  the  t o t a l  n u m b e r  o f  o b s e r v a t i o n s  in the 

r e g r e s s i o n .

By p e r f o r m i n g  the  r e g r e s s i o n  ( A . 1.2) the  f o l l o w i n g  

s t a t i s t i c  can be de r i ved :

(J
t s ~ ------ the r e g r e s s i o n  ¿ - s t a t i s t i c  for  the  nul l  h y p o t h e s i s

RSE(ô)

( A . 1.3)

P,
40 êu = Ay,., -  Y j ÔuLAy«-L -  and ,

L=1
Pi

y» - 1 = y U- 1 _ Y jd u A y u -L  -  à ud,
L=1

N
42 T  = \ T  — p  — l) is the average number of observations per group in the panel and p  =  ¡\[ p. is

i=i
the average lag order for ADF regressions per group.
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A c c o r d i n g  to Lev i n ,  Lin  and Chu,  as some  o f  the  

d e t e r m i n i s t i c  e l e m en t s  can be p r e s e n t  in the  da t a ,  so the  l i m i t i n g  

d i s t r i b u t i o n  for  the  s t a t i s t i c  ( A . 1.3) can d i v e r ge  to n e g a t i v e  i n f i n i t y .  

In o r d e r  to c o r r e c t  such  a d i s t o r t i o n  the  f o l l o w i n g  a d j u s t i n g  t es t  

s t a t i s t i c  can be used:
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. t s - N f s NTa ? R S E ( S ) S f
ts = ------------------7------^ -----  ( A . 1.4)

(7 T

w he r e  ¡if and crt are the  me an  a d j u s t m e n t  and s t a n d a r d  d e v i a t i o n  

a d j u s t m e n t  for  a g i ve n  d e t e r m i n i s t i c  s p e c i f i c a t i o n  and t i me  se r i es  

d i m e n s i o n  f .  Th e s e  a d j u s t m e n t s  a l l ow the tes t  s t a t i s t i c ^  to have  

a jV(0,1) d i s t r i b u t i o n .

Im et  al .  ( 2003)

A s s u m i n g  the  same  r e p r e s e n t a t i o n  for  the  s t o ch a s t i c  

p r o c e s s  as in (A. 1):

Ay it = aoi + a\it + 8 iyit_\ + £  it / = A; t = l,...,T ( A . 5)

N T

5 =

Z  Z  vit-ièi,
<=i t=2+p f

CTe

s  z
,=1 '=2+/>,

NT
~2
Vi , - 1

N T ,  2
Z  Z  (è i'-àvu-1) , and

t = 2 + P i

RSE \S )  = à

- , - 1/
N T / \ 2

I  L  (v,,-,)
t = 2 + P j
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The  nul l  and a l t e r n a t i v e  h y p o t h e s e s  are  d e f i n e d  as: 

Ho'-Si = 0 Vi ( A . 1.6)

a g a i n s t  the  a l t e rn a t i v e :

H A'S i< 0, i = Si = 0, i = Ni + l N i  + 2,...,N  ( A . 1.7)

He nc e ,  in o rd e r  to t e s t  for  the  nul l  h y p o t h e s i s  in ( A . 1.6) ,  

Im et al. ( 2 0 0 3)  p r o p o s e d  a g r o u p - m e a n  L a g r a n g e  m u l t i p l i e r  (LM) 

s t a t i s t i c  and a g r o u p - m e a n  / - s t a t i s t i c  t es t .  The  g r o u p - m e a n  /- 

s t a t i s t i c  t e s t  is used  in th i s  ch ap te r .  A ga i n  s t a r t i n g  p o i n t  is the  ADF 

r e g r e s s i o n :

a t ,  = ( A . 1.8)

Thus ,  Im et al. ( 2 0 03 )  p r o p o s e  the  f o l l o w i n g  s t a t i s t i c  

w h i c h  is k n o w n  as g r o u p - m e a n  / - s t a t i s t i c  t es t :

a {
N

t N ,T  ~ N  T"! ̂
/=1

[ o , r ( p , , ° ) | £ , :

II

| 
Q

|

Jn ~ ' ^  Var[tij (p, , °) l£i  = o]

( A . 1.9)

wh e re  J NJ is the  a v er ag e  o f  the  N  c r o s s - s e c t i o n  A D F ( p . )  / - s t a t i s t i c ,  

E\tiT(p ,)\S i = 0} and Var IS ,• = 0j are  the  me an  and the v a r i a n c e  o f

the a v e r a ge  A D F ( p . )  s t a t i s t i c  u nd e r  the  nul l  h y p o t h e s i s ,  

r e s p e c t i v e l y .  Mo nt e  Car lo  s i m u l a t i o n s  show u n d e r  t ha t  Ho '■ 8, = 0, V/,
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Af(0,l), t ha t  is,  c o n v e r g e  to a n o r m a l  l i m i t i n g  d i s t r i b u t i o n  as 

T , N oo and —>k ( the  r a t e  o f  c o n v e r g e n c e )  w h e r e  k is a f in i t e

p o s i t i v e  co ns t an t .

A . 2 - Pane l  C o i n t e g r a t i o n  Tes t

Thi s  m e t h o d  c o n s i s t s  o f  u s ing  the r e s i d u a l s  f rom the 

c o i n t e g r a t i n g  r e g r e s s i o n  b a s ed  on the f o l l o w i n g  r e p r e s e n t a t i o n :

Yi,, = a, + Sf + fiMIX  Mil + eif (A . 2 .1)

i = \,2,...,N  ; t = \,2,...,T and m = 1,2...,M

w he r e  Pmi^ > Yu ~(^yiu,y2u,----, Ymu^ > Xu — (^x\u,X2u,...., r*/  j  • T

r e f e r s  to the  n u m b e r  o f  o b s e r v a t i o n s  ove r  t i me ,  N  d e n o t e s  the  

n u m b e r  o f  c r o s s - s e c t i o n s  in pa ne l ,  and M  r e f e r s  to the  n u m b e r  o f  

r e g r e s s i o n  v a r i a b l e s .  It is w or t h  e m p h a s i s i n g  t ha t  such  a f o r m u l a t i o n  

is f l e x i b l e  in the  s ens e  t ha t  the  u n d e r l y i n g  h e t e r o g e n e i t y  in pane l

i n c lu d e s  h e t e r o g e n e i t y  in s l ope  c o e f f i c i e n t s  (/?i,,/?2,,...., as wel l  as

f i xed  e f f e c t s  ( « , )  and  i n d i v i d u a l  s p e c i f i c  d e t e r m i n i s t i c  t r e nd s

u , o 44.

44 According to Pedroni (1999) the inclusion of individual-specific fixed effects or individual-specific time 
trends causes some difficulties by affecting the asymptotic distribution and respective critical values. In 
case of unit root presence, for instance, specific-fixed effects and specific-time trends introduced in the

regression cause the sample average over time to diverge from the population means at the rate \[t  as T 
grows large.
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P e d r o n i  t akes  the smal l  s a m p l e  p e r f o r m a n c e s  to de r i ve  

the  a s y m p t o t i c  d i s t r i b u t i o n s  o f  s even  d i f f e r e n t  s t a t i s t i c s ,  t ha t  is,  

f ou r  r e f e r r e d  to as the  w i t h i n - d i m e n s i o n ,  and th r ee  r e f e r r e d  to as the 

b e t w e e n - d i m e n s i o n .  C o n c e p t u a l l y ,  the  c o n s t r u c t i o n  o f  w i t h i n -  

d i m e n s i o n  s t a t i s t i c s  is b a s e d  on the  sum o f  b o t h  the  n u m e r a t o r  and 

the  d e n o m i n a t o r  t e r ms  ove r  the  N  d i m e n s i o n s  s e p a r a t e ly .  For  the  

c o n s t r u c t i o n  o f  b e t w e e n - d i m e n s i o n  s t a t i s t i c s ,  in t urn ,  the  p r o c e d u r e  

c o n s i s t s  o f  f i r s t  d i v i d i n g  the n u m e r a t o r  by the  d e n o m i n a t o r  p r i o r  to 

s u m m i n g  o ve r  N  d i m e n s i o n s .  C o n s e q u e n t l y ,  the  w i t h i n - d i m e n s i o n  

s t a t i s t i c s  are  b a s e d  on e s t i m a t o r s  t ha t  poo l  the  a u t o r e g r e s s i v e  

c o e f f i c i e n t  a c r os s  d i f f e r e n t  un i t s  in the  p a ne l ,  w h e r e a s  the  b e t w e e n -  

d i m e n s i o n  s t a t i s t i c s  h a ve  as a b a se  e s t i m a t o r s  wh i c h  a v e r a g e  the 

i n d i v i d u a l l y  e s t i m a t e d  c o e f f i c i e n t s  for  each  uni t  i. In e s s e n ce ,  the 

t e s t s  are  b a s e d  on two d i s t i n c t  e r ro r  p r o c e s s e s  f r om ( A . 2 .1)  as the 

f o l l o w i n g  e qu a t i o n s :
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etjt -Yiei,t-\+Ui,t and 1 + 1i,t-k+Ui,t ( A . 2.2)
k=1

Thi s  d i s t i n c t i o n  has  two i m p o r t a n t  m e a n i n g s  r e l a t ed  to 

the  a u t o r e g r e s s i v e  c o e f f i c i e n t  o f  the  e s t i m a t e d  r e s i d u a l s  u n d e r  the  

a l t e r n a t i v e  h y p o t h e s i s  o f  c o i n t e g r a t i o n .  F i r s t l y ,  t he  w i t h i n -  

d i m e n s i o n  s t a t i s t i c s  for  a n a l y s i s  o f  c o i n t e g r a t i n g  v e c t o r s  t e s t  the  

nul l  h y p o t h e s i s  / / 0: y ; = l ^  in ( A . 2 .2)  a g a i n s t  the  a l t e r n a t i v e  

h y p o t h e s i s  H\'Y ¡-  Y <1 Vi, so t ha t  it is p r e s u m e d  a c o m m o n  v a l ue  for  

Yi = Y a c r o s s  d i f f e r e n t  un i t s  in the  pa ne l .  S e c o nd l y ,  the  b e t w e e n -  

d i m e n s i o n  s t a t i s t i c s ,  by c o n t r a s t ,  a s s u me  the  nu l l  h y p o t h e s i s  o f  a 

r e s i d u a l - b a s e d  t e s t  as Ho'-Yi~ 1 Vi v e r s u s  the  a l t e r n a t i v e  H\-Yi< 1 Vi, 

t ha t  is,  as o p p o s e d  to the  f o r mer  one  t he se  s t a t i s t i c s  a l l o w  for  an
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a d d i t i o n a l  h e t e r o g e n e i t y  s ince  it is no t  p r e s u m e d  a c o m m o n  va l ue  

for  Yi = y  u n d e r  a l t e r n a t i v e  h y p o t h e s i s .  P e d r o n i  h i m s e l f  ca l l s  the 

w i t h i n - d i m e n s i o n  s t a t i s t i c s  as p a ne l  c o i n t e g r a t i o n  s t a t i s t i c s ,  and the 

b e t w e e n - d i m e n s i o n  s t a t i s t i c s  as g r oup  me an  p a ne l  c o i n t e g r a t i o n  

s t a t i s t i c s .

A . 3 - Po o l e d  Mea n  G r ou p  E s t i m a t i o n

is b r i e f l y  s u m m a r i s e d  as f o l l ows .  S u p p o s i n g ,  i n i t i a l l y ,  t ha t  the 

o v e r a l l  da t a  set  is c o m p o s e d  o f  a t ime  s e r i e s  and c ros s  s e c t i o n  da ta  

set  on t i me  p e r i o d  t = \,2,...,T and un i t s  i = \,2 , . . . ,N , r e s p e c t i v e l y ,  t he n  

the  o b j e c t i v e  is to e s t i m a t e  the  f o l l o w i n g  A R D L  (p,q,...,q) mode l :

wh e re  Xu (k x 1) is the  v e c t o r  o f  e x p l a n a t o r y  v a r i a b l e s  for  un i t s  i ; 

d e n o t e  the  f i xed  e f f e c t s ;  the  c o e f f i c i e n t  o f  the  l a g ge d  d e p e n d e n t  

v a r i a b l e s ,  Xu are  s ca l a r s ;  and § it are k x l  c o e f f i c i e n t  v e c t o r s .  T 

d i m e n s i o n  mus t  be l a rge  e n o u g h  so t ha t  one  can  e s t i m a t e  the  mode l  

for  e ach  un i t  s e p a r a t e l y 45. A c c o r d i n g l y ,  PSS s u g g e s t  t ha t  the 

f o l l o w i n g  r e p a r a m e t e r i s a t i o n  in ( A . 3 .1)  can be c a r r i e d  out  

g e n e r a t i n g  the  r e p r e s e n t a t i o n  as fo l l ows :

45 The use a common T and p across units, a common q across units and regressors is not a necessary 
requirement. The PMG estimator allows the use of different T, p, q across units without affecting the 
statistical properties.

The  bas i c  f r a m e w o r k  o f  the  p o o l e d  m e a n  g r oup  e s t i m a t o r

p Q
( A . 3.1)
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P-1 ,
Ay,7= 1 + PiXu+ X  t iA y u - j+ X  sA xu-j+ M i+£u ( a  . 3 .2 )

7=i

9-1

y=o

w h e r e  ^, =
^ p A

! “ X ^  ’ A  = X ^ 7  and:
V 7=1 y 7=0

P

Aij ~ ~ ^  , Aim •> j  ~ p  — 1
m=j+1

<7

£0 = -  Z  7 = 1,2 ,...,# -1
m=y+i

( A . 3.3)

The  t ime  s er i es  da ta  can s t i l l  be s t a c k e d  for  each  uni t  in 

o r d e r  to have  a s t a c k e d  r e p r e s e n t a t i o n  as fo l l ows :

P“ 1 q- 1

a t ,, = + Pt X i + X  4 An - 7 + X  s * A X t , - j + ^ + s ,  ( a  . 3 .4 )
7= 1  7 = 0

w he r e  y, = (_yn, y lT) is a T x  1 v e c t o r  o f  the  o b s e r v a t i o n s  on the

d e p e n d e n t  v a r i a b l e s  o f  the  zth uni t ,  X i = (xn,—, x,t) > is the  a T v k  

m a t r i x  o f  o b s e r v a t i o n s  on the r e g r e s s o r s  t ha t  v a ry  a c r o s s  un i t s  and 

t i me  p e r i o d s ,  C/ = (l,...,l) is a T x  1 v e c t o r  o f  I s ,  y,w  a n d y , w  are  j  

p e r i o d  l a gg ed  v a l ue s  o f  y, and X i ,  and Ay, = y, -  y ( > , A x t = X i -  X i.-i , 

A Yi-j and A x t,~j are  j  p e r i o d  l a gg ed  v a l ue s  o f  Ay, and  A X i ,  

r e s p e c t i v e l y ,  and £i = (£n,..., £iT) ■

It is a l so  a s s u m e d  tha t  the  d i s t u r b a n c e s  £iT are 

d i s t r i b u t e d  i n d e p e n d e n t l y  a c r o s s  un i t s  and  t, w i t h  me a n s  zero  and 

v a r i a n c e  cr2> 0 ,  f o u r t h - o r d e r  m o m e n t s ,  and d i s t r i b u t e d  i n d e p e n d e n t l y
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o f  the  r e g r e s s o r s ,  Xu-  Th i s  a s s u m p t i o n  is e q u i v a l e n t  to s t a t i ng  t ha t  

(f>i < 0 and t h e r e f o r e  t he r e  ex i s t s  a l o n g - r u n  r e l a t i o n s h i p  b e t w e e n  y it 

and  xu-

As the  a s s u m p t i o n  o f  e x i s t e n c e  o f  l o n g - r u n  r e l a t i o n s h i p s  

is one  o f  the  m a jo r  h y p o t h e s e s  o f  th i s  a p p r o a c h ,  the  l o n g - r u n

c o e f f i c i e n t  on x t , are  the  same  a c r o s s  un i t s ,  t ha t  is:

e, = 0 , / = 1.2, N.

The  a p p r o a c h  used  to e s t i m a t e  is a l i k e l i h o o d  a p p r o a c h  

w h i c h  it  is a s s u m e d  tha t  the  d i s t u r b a n c e s  git are n o r m a l l y  

d i s t r i b u t e d .  Thi s  a l l ows  the l i k e l i h o o d  o f  the  pa ne l  da t a  m o d e l  be in g  

w r i t t e n  as p r o d u c t s  o f  the  l i k e l i h o o d s  for  each  uni t .  T h e n  a log-  

l i k e l i h o o d  f u n c t i o n  can be f o r m u l a t e d  wh i c h  has  the  f o l l o w i n g  

r e p r e s e n t a t i o n :

Lt{<p) = - ^ Z ln2;r d  ~ ^ i c r i 2(AYi-</>4 (0) )  Hi{AY (#)) (A. 3 .5)
1=1 1=1

where :

Hi = I T~Wi(w\Wi ) V ) ,p  = ( 0 » ' )  = ) a n d a  = {cr? , a 22,...,c r2„ )•

For  e s t i m a t i o n  p u r p o s e ,  the  l o n g - r u n  c o e f f i c i e n t s ,  0,  and 

the un i t  s pec i f i c  c o e f f i c i e n t s ,  , can be c o m p u t e d  by m a x i m i z i n g
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the  l o g - l i k e l i h o o d  f u n c t i o n  in ( A . 3 .5)  wi th  r e s p e c t  to . He nce ,  the 

m a x i - l i k e l i h o o d  e s t i m a t o r s  ( MLE)  used  to c o m p u t e  the  p a r a m e t e r s  o f  

the  m o de l  are  t e r m e d  the  p o o l e d  me an  g r oup  ( P MG )  e s t i m a t o r s  to 

c h a r a c t e r i s e  b o th  the  p o o l i n g  due to the  a s s u m p t i o n  o f  h o m o g e n e i t y  

on the  l o n g - r u n  c o e f f i c i e n t s ,  and the a v e r a g i n g  p r o c e s s  a c r o s s  uni t s  

d e s i g n e d  to c o mp u t e  me an s  o f  the  e s t i m a t e d  e r r o r - c o r r e c t i o n  

c o e f f i c i e n t s  and the o t he r  s h o r t - r u n  p a r a m e t e r s  i n c l u d e d  in the 

m o d e l .
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I n t r o d u c t i o n

In the  p r e v i o u s  c ha p t e r ,  pa ne l  da t a  t e s t s  a pp l i e d  to 

i n d u s t r i a l i s e d  and e m e r g i n g  m a r k e t  e c o n o m y  c o u n t r i e s  d e m o n s t r a t e d  

t h a t  e x c h a n g e  ra t e  m o v e m e n t s  were  d r i v e n  on l y  p a r t i a l l y  by 

e c o n o m i c  f u n d a m e n t a l s .  For  i n d u s t r i a l i s e d  or  e m e r g i n g  m a r k e t  

e c o n o m y  c o u n t r i e s  p a ne l  c o i n t e g r a t i o n  t e s t s  s ho wn  t ha t  m o n e t a r y  

f u n d a m e n t a l s  were  not  ab le  to g ive  a c o n v i n c i n g  e x p l a n a t i o n  for  the 

l o n g - r u n  b e h a v i o u r  o f  the  e x c h a n g e  ra t e .  For  i n d u s t r i a l i s e d  m a r k e t  

e c o n o m y  c o u n t r i e s  the  r e s u l t s  were  f o un d  b e t t e r  than  for  e m e r g i n g  

c o u n t r i e s .  A l t h o u g h  the  e s t i m a t e s  for  i n d u s t r i a l i s e d  c o u n t r i e s  met ,  

in g en e r a l ,  the  t h e o r e t i c a l  p r e d i c t i o n s  for  the l o n g - r u n  c o e f f i c i e n t s ,  

t he r e  was  a ve r y  low c o r r e l a t i o n  b e t w e e n  the n o m i n a l  e x c h a n g e  ra t e  

and  m o n e t a r y  f u n d a m e n t a l s .  For  e m e r g i n g  m a r k e t  e c o n o m y  c o u n t r i e s  

the  r e s u l t s  we re  p o o r  and not  c o n s i s t e n t  wi t h  the  p r e d i c t e d  va lue s .

S i nce  the  t e s t s  have  r e j e c t e d  the  e x i s t e n c e  o f  r o b u s t  

l o n g - r u n  r e l a t i o n s h i p s  b e t w e e n  the  e x c h a n g e  ra t e  and m o n e t a r y  

f u n d a m e n t a l s ,  an a l t e r n a t i v e  p o s s i b i l i t y  a r i s e s .  Th i s  c o n s i s t s  o f  

i n v e s t i g a t i n g  w h e t h e r  the  p r e s e n c e  o f  b u b b l e s  d r i ve s  the  s t o ch a s t i c  

p r o c e s s e s  u n d e r l y i n g  t h e se s  v a r i a b l e s .  Th i s  t a sk  wi l l  be the  c en t r a l  

t h e m e  o f  th i s  chap t e r .

A r a t i o n a l  s p e c u l a t i v e  b u b b l e  in the  e x c h a n g e  r a t e  is 

c h a r a c t e r i s e d  by  an e x p l o s i v e  pa th .  E x p l o s i v e  b e h a v i o u r  l e ads  the  

e x c h a n g e  r a t e  to d i v e r g e  f r om the  e q u i l i b r i u m  leve l  d e f i n e d  by 

m o n e t a r y  f u n d a m e n t a l s .  The  u n d e r l y i n g  idea  ab o u t  the  p r e s e n c e  o f  

b u b b l e s  c o n c e r n s  the  f ac t  t ha t  s p e c u l a t o r s  and i n v e s t o r s  m a i n t a i n  a 

b e l i e f  tha t ,  d e s p i t e  t he  c u r r e n c y  be in g  o v e r v a l u e d  wi t h  r e s p e c t  to its 

f u n d a m e n t a l s ,  it  is s t i l l  p r o f i t a b l e  to bu y  a d d i t i o n a l  un i t s  o f  it. 

Th us ,  a b u b b l e  a c q u i r e s  i m p o r t a n c e  in d r i v i n g  the  e x c h a n g e  ra t e

- 1 2 3  -



a way  f rom the e q u i l i b r i u m  d e t e r m i n e d  by i ts f u n d a m e n t a l s  b e c a u s e  

m a r k e t  a ge n t s  p e r c e i v e  the  p r e s e n c e  o f  p r o f i t  o p p o r t u n i t y .  In fac t ,  

m o v e m e n t s  o f  a s se t  p r i c e s  away  f rom t h e i r  f u n d a m e n t a l s  s i gna l  the 

o c c u r r e n c e  o f  s e l f - f u l f i l l i n g  p r o p h e c i e s  o f  m a r k e t  p a r t i c i p a n t s ,  

c a u s e d  by  e ve n t s  t ha t  are e x o g e n o u s  to the  m a r ke t .  O r i g i n a l l y ,  the  

p o s s i b i l i t y  o f  b u b b l e s  is c r ed i t e d  by  some  r e s e a r c h e r s  as a 

c o n t r i b u t i o n  o f  K e y n e s ’ ( 1 9 36 )  d e s c r i p t i o n  o f  e qu i t y  m a r k e t s  in a 

c o n t e x t  w h e r e b y  s p e c u l a t o r s  a n t i c i p a t e  w ha t  a v e r a ge  o p i n i o n  wi l l  be 

r a t h e r  than  a fu l l y  i n f o r m e d  v i ew o f  the  ma rk e t .  Th i s  t yp i c a l  m a r k e t  

b e h a v i o u r  l eaves  the  f u n d a m e n t a l s  i n f o r m a t i o n  to one  s ide.  

E s s e n t i a l l y ,  the  p r e s e n c e  o f  b u b b l e s  in a s se t  m a r k e t s  i m p l i e s  tha t  

m a r k e t  p a r t i c i p a n t s  are  not  a l l o c a t i n g  t he i r  s av i ng s  to the  bes t  

p o s s i b l e  i n v e s t m e n t .  F u r t h e r m o r e ,  the  a n a l y s i s  o f  r a t i o n a l  b u b b l e s ,  

b a s e d  on r a t i o n a l  e x p e c t a t i o n s ,  has  an e l e m e n t  o f  i n d e t e r m i n a c y ,  

w h i c h  u s u a l l y  a r i s es  when  the  c u r r e n t  d e c i s i o n s  o f  ag en t s  d e pe nd  

b o th  on the c u r r e n t  m a r k e t  p r i ce  and on the i r  e x p e c t a t i o n s  o f  f u tu r e  

p r i c e s  ( see  O b s t f e l d  and R og of f ,  1997) .  G iv e n  th i s ,  an o b v i ou s  

c o n c l u s i o n  is t ha t  a s ing l e  h y p o t h e s i s  c a n n o t  e n c o m p a s s  s e q u e n c e s  

o f  p r i ce s  as on l y  one  s e q u e n c e  is the  m a r k e t  f u n d a m e n t a l  p r i ce  pa th .  

The  o the r  s e q u e n c e s  m a yb e  p r i c e  b u b b l e  s e q u e n c e s  (see  B l a n c h a r d  

and  F i s ch e r ,  2001) .

In e m p i r i c a l  r e s e a r c h  the  t r a d i t i o n a l  l i t e r a t u r e  has  

f o l l o w e d  t h r e e  d i f f e r e n t  m e t h o d s  o f  i n v e s t i g a t i n g  the  idea  o f  

b u b b l e s  d r i v i n g  a s s e t  p r i c e s  away  f rom t he i r  e c o n o m i c  f u n d a m e n t a l s  

e q u i l i b r i u m .  The  f i r s t  one  is the  v a r i a n c e  b o u n d  t es t ,  a l so  k n o w n  as 

v o l a t i l i t y  t e s t ,  and it was  o r i g i n a l l y  p r o p o s e d  by S h i l l e r  (1 9 7 9)  to 

s t udy  the  v o l a t i l i t y  o f  l o n g - t e r m  b o n d s .  S h i l l e r ’s m e t h o d  was  

e m p l o y e d  by  H u a n g  ( 1 9 8 1)  to e x a m i n e  the  p r e s e n c e  o f  b u b b l e s  in 

the  D e u t s c h  m a r k  e x c h a n g e  ra t e .  The  v o l a t i l i t y  t e s t  is b a s e d  on the 

i dea  t ha t  i f  p r i c e s  h a ve  a b u b b l e  c o m p o n e n t ,  c a u s i n g  them to de v i a t e  

f rom the f u n d a m e n t a l s  so l u t i o n ,  t hen  t he y  wi l l  va r y  even  i f
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f u n d a m e n t a l s  are u n c h a n g e d ,  or  do not  m o v e  much .  In th i s  case ,  too 

mu ch  p r i ce  v a r i a t i o n  s u g ge s t s  the  p r e s e n c e  o f  a bub b l e .  T h e r e f o r e ,  

thi s  c l as s  o f  t e s t  is e s s e n t i a l l y  a t e s t  o f  exces s  v o l a t i l i t y  in asse t  

p r i c e s .  The  exces s  v o l a t i l i t y  o f  the  ac t ua l  e x c h a n g e  ra t e  r e l a t i v e  to 

the  v o l a t i l i t y  o f  the  e x c h a n ge  ra t e  b a s e d  on the  f u n d a m e n t a l s  

s o lu t i o n  is s u g g e s t i v e  o f  the  p r e s e n c e  o f  a s p e c u l a t i v e  b u b b l e  ( see  

B l a n c h a r d  and F i s c h e r ,  2001) .

A s e c o n d  e c o n o m e t r i c  m e t h o d  is b a s e d  on the H a u s m a n  

( 1 9 7 8 )  t e s t  and c a l l e d  the  H a u s m a n  s p e c i f i c a t i o n  tes t .  The  

s p e c i f i c a t i o n  t e s t  was  o r i g i n a l l y  p u b l i s h e d  in 1987 by K e n n e t h  Wes t  

to i n v e s t i g a t e  the  p r e s e n c e  o f  b u b b l e s  in the  s tock  ma rk e t .  His  

m e t h o d  was  a p p l i e d  to the  e x c h a n ge  r a t e  a n a l y s i s  by  M e e s e  ( 1986) ,  

and e m b r a c e s  a t e c h n i q u e  p r o p o s e d  by M c C a l l u m  ( 1976) .  

M c C a l l u m ’s t e c h n i q u e  r e l i e s  on the use  o f  an i n s t r u m e n t a l  v a r i a b l e ,  

w he r e  the  u n o b s e r v e d  e x p e c t a t i o n  o f  the  e x c h a n g e  ra t e  E[sl+X / #,],

b a s e d  on the  i n f o r m a t i o n  set  6 at  t ime t, is r e p l a c e d  by i ts ac t ua l  

v a l ue  sI+1 m i n u s  a f o r e c a s t  e r ro r  rjt+i u n c o r r e l a t e d  wi th  Qt . 

E s s e n t i a l l y  the  nul l  h y p o t h e s i s  o f  no b u b b l e s  is t e s t e d  by c o m p a r i n g  

two d i f f e r e n t  f o r m u l a t i o n s  o f  a f o r w a r d - l o o k i n g  e x c h a n g e  ra t e  

m o d e l ,  w he r e  on l y  one  o f  t he m is c o n s i s t e n t  wi t h  the  p r e s e n c e  o f  

b u bb l e s .

The  m a j o r  d i f f i c u l t y  o f  e m p l o y i n g  e i t h e r  t he  v o l a t i l i t y  

t e s t  or the  s p e c i f i c a t i o n  t e s t  is r e l a t e d  to the  f ac t  t ha t  bo t h  

m e t h o d o l o g i e s  d e p e n d  s t r o n g ly  on the  c h o s e n  m o d e l  o f  e xch a ng e  

ra t e  d e t e r m i n a t i o n .  He nce ,  the  e xce s s  v o l a t i l i t y  o b s e r v e d  in some  

s t u d i e s  ma y  be c a u s e d  by  f a c t o r s  o t he r  t han  the p r e s e n c e  o f  r a t i on a l  

b u b b l e s .  In p a r t i c u l a r  for  the  s p e c i f i c a t i o n  t es t ,  F l oo d  and H o d r i c k  

( 1 9 9 0 )  a r gue  t ha t  the  r e l i a b i l i t y  o f  c o n c l u s i o n s  b a s e d  on o m i t t e d  

v a r i a b l e s  ma y  be weak  s ince  the  m o n e t a r y  m o d e l  in g e ne r a l  p r o d u c e s  

m i s l e a d i n g  r e su l t s .  Th i s  ma y  l ead  b u b b l e  t e s t s  t o w a r d s  r e j e c t i o n  o f
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the  nul l  h y p o t h e s i s  o f  no b u b b l e s .  F l o o d ,  H o d r i c k  and K a p l an  (1987)  

f i nd  s u b s t a n t i v e  e v i d e n c e  o f  m i s s p e c i f i c a t i o n  o f  the  m o d e l  used  by 

Wes t  wh i c h  l e ads  to m i s l e a d i n g  c o n c l u s i o n s .  F u r t h e r m o r e ,  a c c o r d i n g  

to F l o od  and H o d r i c k  ( 1 9 90 ) ,  b u b b l e  t e s t s  o f  the  e q u i t y  m a r k e t  

r e q u i r e  a w e l l - s p e c i f i e d  m o de l  o f  e q u i l i b r i u m  e x p e c t e d  r e t u r n s  t ha t  

has  yet  to be d i s c o v e r e d .  Hen ce ,  s i m i l a r  to the  exces s  v o l a t i l i t y  

t e s t s ,  i f  the  p r e m i s e  o f  f a l se  m o d e l s  ho l ds ,  t hen  r e j e c t i o n  o f  the  nul l  

h y p o t h e s i s  o f  no b u b b l e s  by  s p e c i f i c a t i o n  t e s t s  c a n n o t  be a t t r i b u t e d  

s o l e l y  to b u b b l e s .

The  p r e s e n c e  o f  r a t i o n a l  b u b b l e s  d r i v i n g  the  e x c h a n ge  

ra t e  a way  f r om e c o n o m i c  f u n d a m e n t a l s  can a l so  be a n a l y s e d  by the 

use  o f  uni t  roo t  and c o i n t e g r a t i o n  t e s t s .  Th i s  m e t h o d o l o g y  c on s i s t s  

o f  e x a m i n i n g  the  p o s s i b i l i t y  o f  c o i n t e g r a t i o n  b e t w e e n  the  e x c h a n ge  

ra t e  and f u n d a m e n t a l s  ( see  M a c D o n a l d  and T a y l o r ,  1993) .  In 

e s s e nc e ,  the  a r g u m e n t  is t ha t  i f  a s s e t  p r i c e s  are  not  mo r e  e x p l os i v e  

t han  t h e i r  d e t e r m i n a n t s ,  t hen  it  ma y  be i n f e r r e d  t ha t  r a t i on a l  b u b b l e s  

are  not  p r e s e n t  as t hey  w o u l d  g e n e r a t e  an e x p l o s i v e  c o m p o n e n t  to 

a s s e t  p r i ce s .  Thus  t he  s t r a t e gy  c o n s i s t s  o f  i m p l e m e n t i n g  un i t  roo t  

t e s t s  and c o i n t e g r a t i o n  t e s t s  to a na l ys e  the  p r e s e n c e  o f  e x p l o s i v e  

r a t i o n a l  b u b b l e s .  T h e s e  t ypes  o f  c o n s i d e r a t i o n  m o t i v a t e d  the  t e s t  for  

b u b b l e s  c a r r i e d  out  by D i ba  and G r o s s m a n  ( 1 9 88 )  and M a c D o n a l d  

and  T a y l o r  ( 1 9 93 ) ,  i n t e r  a l ia .

B u b b l e s  t e s t s  b a s ed  on un i t  r o o t  t e s t s  and c o i n t e g r a t i o n  

t e s t s  have ,  n e v e r t h e l e s s ,  b een  p o t e n t i a l l y  m i s l e a d i n g  in the  p r e s e n c e  

o f  b u b b l e s  c o l l a p s i n g  p e r i o d i c a l l y .  E v a ns  ( 1 99 1 )  was  the  f i r s t  to 

a c k n o w l e d g e  th i s  k i nd  o f  d i f f i c u l t y  in e x a m i n i n g  b u b b l e s  us ing  

e i t he r  un i t  r o o t  t e s t s  or  c o i n t e g r a t i o n  t e s t s .  A c c o r d i n g  to h im the 

t r a d i t i o n a l  c o i n t e g r a t i o n  t e s t s  l e ads  to r e j e c t i o n  o f  the  nul l  

h y p o t h e s i s  o f  no b u b b l e s  mo r e  o f t en  t han  i f  the  p r e s e n c e  o f  a 

p a r t i c u l a r  type  o f  b u b b l e  was  not  t a ke n  in to  a c c o u n t .  The  c en t r a l  

a r g u m e n t  d e s c r i b e d  in his  p a p e r  is t ha t  un i t  r o o t  t e s t s  or
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c o i n t e g r a t i o n  t e s t s ,  whe n  faced  wi t h  p e r i o d i c a l l y  c o l l a p s i n g  r a t i on a l  

b u b b l e s  ma y  l ead ,  wi t h  a h i gh  d e g r e e  o f  p r o b a b i l i t y ,  to a w ro n g  

c o n c l u s i o n  tha t  b u b b l e  c o m p o n e n t s  are n o n e x i s t e n t  in the  s t o c h a s t i c  

p r o c e s s .

A l t h o u g h  the a r g u m e n t s  d e v e l o p e d  by E v a ns  have  b een  

r e l a t e d  to s t o ck  p r i ce  b e h a v i o u r  it can a l so  be e x t e n d e d  to e xch a ng e  

r a t e  m o v e m e n t s .  Sa rno  and T a y l o r  (2 0 0 2)  s t a t e  t ha t  the  c o n c e p t  o f  

p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s  is i m p o r t a n t  in a n a l y s i n g  the 

b e h a v i o u r  o f  e x c h a n g e  r a t e s  s ince  t hey  c o l l a p s e  a l m o s t  in f in i t e  

t ime .  Th e y  a rg ue  t ha t  the  e s s e n c e  o f  the  p r o b l e m  is t ha t  the  p r e s e n c e  

o f  p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s  c au s es  a g r e a t e r  d e g r ee  o f  

s k e w n e s s  and exces s  k u r t o s i s  in the  e x c h a n g e  r a t e  s e r i e s  r e l a t i v e  to 

the  e c o n o m i c  f u n d a m e n t a l s  se r i es .  As an a l t e r n a t i v e  s t r a t eg y ,  Sarno  

and T a y l o r  s u g g e s t e d  m a k i n g  use  o f  a t e s t  for  n o n - s t a t i o n a r i t y  wh i c h  

a l l ow s  the c o l l a p s e  in b u b b l e s  to be a t t r i b u t e d  to s ud d en  m o v e m e n t s  

in n o n - n o r m a l  e r ro r  t e r ms  r a t h e r  t han  to e s t i m a t e d  c o e f f i c i e n t s  o f  

the  a u t o r e g r e s s i v e  mode l .  T a k i n g  up th i s  i dea ,  T a y l o r  and Peel  

( 1 9 98 )  e x a m i n e d  the p e r f o r m a n c e  o f  a new c o i n t e g r a t i o n  t e s t  in the  

p r e s e n c e  o f  p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s .  Such  a t e s t  s t a t i s t i c  

g i ve s  c o n s i d e r a b l e  w e i g h t  to the  s k e w n e s s  and  e xce s s  k u r t o s i s  

i n j e c t e d  in to  the  da ta  as a c o n s e q u e n c e  o f  the  p r e s e n c e  o f  a bub b l e .

E s s e n t i a l l y ,  T a y l o r  and Pee l  p r o p o s e d  a t e s t  b a s e d  on a 

m o d i f i c a t i o n  to the  l eas t  s qu ar e s  e s t i m a t o r  in o r d e r  to make  it 

r o b u s t  to t he  p r e s e n c e  o f  e r ro r  t e r ms  e x h i b i t i n g  s t r on g  s k e w n e s s  and 

k u r t o s i s .  The  m e c h a n i c s  c on s i s t s  o f  e s t i m a t i n g  a r e g r e s s i o n  e qu a t i o n  

by  o r d i n a r y  l eas t  s q u a r e s  (OLS)  a u g m e n t e d  by a c o v a r i a t e  v ec t o r  

w h i c h  c a p t u r e s  the  e f f e c t s  o f  s k e w n e s s  and e xce s s  k u r t o s i s .  Thi s  

p r o c e d u r e  o f  e s t i m a t i o n  was  p r o p o s e d ,  i n i t i a l l y ,  by  Im ( 1 99 6 )  and 

d e n o t e d  the  r e s i d u a l - a u g m e n t e d  l eas t  s q u a r e s  ( R A L S )  e s t i m a t i o n  

p r o c e d u r e  ( see  S e c t i o n  2.2,  C h a p t e r  I). A s i m i l a r  t e s t  p r o c e d u r e  was  

a d o p t e d  by Sa rno  and T a y l o r  ( 1 99 9 )  to i n v e s t i g a t e  the  p r e s e n c e  o f
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p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s  in the  Eas t  A s i a n  s t ock  ma rk e t .  

Sa r no  and T a y l o r  t e s t e d  for  s t a t i o n a r i t y  o f  the  log d i v i d e n d - p r i c e  

r a t i o  and the  e x - p o s t  r a t e  o f  r e tu rn ,  and  then  t e s t e d  c o i n t e g r a t i o n  for  

b o th  s e r i es .  The  u n d e r l y i n g  idea  was  t ha t  i f  s t a t i o n a r i t y  or 

c o i n t e g r a t i o n  were  f o u nd  b e t w e e n  the se r i e s  the  h y p o t h e s i s  o f  s t ock  

p r i c e  b u b b l e s  co u ld  be r e j e c t ed .  The  r e s u l t s  r e a c h e d  by Sa rno  and 

T a y l o r  did not  r e j e c t  the  h y p o t h e s i s  o f  b u b b l e s  in the  Eas t  As i an  

s t o ck  ma rke t .

Mor e  r e c e n t l y ,  P s a r a d a k i s  et a l.  ( 2 00 1 )  u s ed  a new 

p r o c e d u r e  for  d e t e c t i n g  the  p r e s e n c e  o f  p e r i o d i c a l l y  c o l l a p s i n g  

b u b b l e s  b a s e d  on r a n d o m - c o e f f i c i e n t  a u t o r e g r e s s i v e  mo d e l s .  In fac t ,  

t hey  p r o p o s e d  a s i m p l e r  t e s t  p r o c e d u r e  wh i c h  is b a s e d  e s s e n t i a l l y  on 

the  c l as s  o f  n o n s t a t i o n a r y  v a r y i n g - c o e f f i c i e n t  a u t o r e g r e s s i v e  m o d e l s  

wi t h  a s t o c h a s t i c  uni t  r o o t  ( see  Se c t i o n  2.2,  C h a p t e r  I ) 46.

A n o t h e r  t e s t  p r o c e d u r e  for  p e r i o d i c a l l y  c o l l a p s i n g  

b u b b l e s  was  c a r r i e d  out  by Ha l l  et al. ( 1 9 9 9)  w h i c h  a l l o w e d  for  the  

p o s s i b i l i t y  o f  c h an g e s  in the  d y n a mi c  b e h a v i o u r  o f  a s s e t  p r i c e s  

a c r o s s  the  s amp l e .  In e f f ec t ,  the  m e t h o d o l o g y  p r o p o s e d  c o n s t i t u t e s  a 

g e n e r a l i s a t i o n  o f  the  a u g m e n t e d  D i c k e y - F u l l e r  (ADF)  un i t  roo t  t es t  

a p p l i e d  to the  c l as s  o f  M a r k o v - s w i t c h i n g  r e g i m e  m o d e l s  ( see  

H a m i l t o n  1988,  1989) .  An i m p o r t a n t  d i f f i c u l t y  is to i d e n t i f y  

c o l l a p s i n g  p e r i o d s  f rom e x p a n d i n g  ones .  Hal l  et al. a rgue  t ha t  the  

p r o p o s e d  m e t h o d o l o g y  o v e r c o m e s  some o f  the  e c o n o m e t r i c  p r o b l e m s  

i n v o l v e d  t r a d i t i o n a l  uni t  r o o t  t e s t s  ( see  Ev an s  1991) .  It a l l o ws  the 

AD F r e g r e s s i o n  c o e f f i c i e n t s  to s wi t ch  v a l u e s  b e t w e e n  d i f f e r e n t  

r e g i m e s / s t a t e s  as a c o n s e q u e n c e  o f  the  d y n a m i c s  o f  a p e r i o d i c a l l y  

c o l l a p s i n g  bub b l e .  Th e y  a p p l i e d  the  A D F - s w i t c h i n g  un i t  r o o t  t e s t  to 

i n v e s t i g a t e  the  p r e s e n c e  o f  an e x p l o s i v e  a u t o r e g r e s s i v e  r o o t  to the

46 This class of model was also examined by McCabe and Tremayne (1995), Leyboume et al. (1996), 
Granger and Swanson (1997).
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h y p e r i n f l a t i o n  p r o c e s s  in A r g e n t i n a  d u r i n g  the  1980s  (see  Se c t i o n  

2.2,  C h a p t e r  I).

Th i s  c h a p t e r  e m b r a ce s  the  a p p r o a c h  b a s e d  on the uni t  

roo t  and c o i n t e g r a t i o n  t e s t s ,  bu t  uses  the  M a r k o v - s w i t c h i n g  r e g i me  

m e t h o d o l o g y  in o r d e r  to a l l ow for  a mo r e  r o b u s t  a n a l y s i s  o f  

p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s .  M o r e o v e r ,  t a k in g  as a s t a r t i n g  p o i n t  

the  r e s u l t s  r e a c h e d  in the  p r e v i o u s  c h a p t e r ,  the c o n t r i b u t i o n  o f  thi s  

c h a p t e r  is to i n v e s t i g a t e  the  h y p o t h e s i s  o f  a p e r i o d i c a l l y  c o l l a p s i n g  

b u b b l e  u n d e r l y i n g  the  m o v e m e n t  o f  the  e x c h a n g e  ra t e .  As the 

e c o n o m e t r i c  r e su l t s  o f  the  p r e v i o u s  c h a p t e r  o n l y  p r o v i d e  p a r t i a l  

e v i d e n c e  in f a v o u r  o f  m o n e t a r y  f u n d a m e n t a l s  for  the  d e t e r m i n a t i o n  

e x c h a n g e  r a t e s ,  a set  o f  four  i n d u s t r i a l i s e d  m a r k e t  e c o n o m y  

c o u n t r i e s  ( C a n ad a ,  F r an c e ,  G e r m a n y  and the U n i t e d  K i n g d o m )  are 

s e l e c t e d  as a s amp l e  to e x a m i n e  the p r e s e n c e  o f  s p e c u l a t i v e  r a t i on a l  

b u b b l e s 47. In d o ing  so,  the  A D F - s w i t c h i n g  un i t  roo t  t e s t  p r o p o s e d  by 

Hal l  et al.  ( 1999)  is a p p r o p r i a t e  s ince  th i s  m e t h o d o l o g y  a l l ows  

c o n s i d e r a t i o n  o f  d i f f e r e n t  r e g i m e s / s t a t e s  t y p i c a l  o f  p e r i o d i c a l l y  

c o l l a p s i n g  b u b b l e s  in u n s t a b l e  e c o n o m i e s .  Al so ,  the  un i t  roo t  t es t  

a p p r o a c h  o f f e r s  an a d d i t i o n a l  and  c o n v e n i e n t  way  o f  c o n s t r u c t i n g  

t e s t s  o f  h y p o t h e s e s  o f  un i t  roo t s  a ga in s t  a l t e r n a t i v e s  in the  sense  

t h a t  the  n u m b e r  and the  l o c a t i o n  o f  c han g e  p o i n t s  are  u n k n o w n .  

Such  p a t h o l o g y  is i d e a l l y  s u i t e d  to the  a d o p t i o n  o f  the  M a r k o v -  

S w i t c h i n g  (MS)  m e t h o d o l o g y .

A l t h o u g h  the  MS uni t  roo t  t e s t  is an a d v a n c e d  tool  to 

d e t e c t  the  p r e s e n c e  o f  r a t i on a l  b u b b l e s  in the  e x c h a n g e  r a t e  and in 

i ts e c o n o m i c  f u n d a m e n t a l s ,  it has  some  l i m i t a t i o n s .  The  MS uni t  

roo t  t e s t  r e l i e s  on the  r e s e a r c h e r ’s d i s c r e t i o n  to d ec i de  w h e t h e r  

e x p l o s i v e  b e h a v i o u r  ex i s t s  at the  same  t i me  in f u n d a m e n t a l s .

47 Note that such analysis is not applicable to emerging market economy countries as their exchange rate 
regimes are, in general, fixed or managed regimes (crawling peg) for the period under examination. This 
condition does not allow for an accurate analysis of bubbles. Low movements of exchange rates may 
usually be attributed to eventual speculative attacks rather than the presence of bubbles.
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D e c i d i n g  w h e t h e r  or  not  e x c h a n g e  r a t e s  d e pa r t  in an e x p l o s i v e  way 

f rom f u n d a m e n t a l s  is no t  t e s t a b l e  wi t h  uni t  r o o t  t e s t s .  For  thi s  

r e a s o n ,  thi s  c h a p t e r  uses  an a d d i t i o n a l  e c o n o m e t r i c  a p p r o a c h  to t es t  

for  b u b b l e s ,  b a s e d  on M a r k o v - s w i t c h i n g  v e c t o r  a u t o r e g r e s s i o n s  (MS-  

V E C M )  p r o p o s e d  by K r o l z i g  (1996) .  The  M S - V E C M  was  o r i g i n a l l y  

a p p l i e d  to b u s i n e s s  cyc l e  a n a l y s i s  and a l l ows  i n v e s t i g a t i o n  o f  the  

e x i s t e n c e  o f  l o n g - r u n  r e l a t i o n s h i p s  wi t h  r e g i m e  s w i t c h i n g .  In 

e s s e n ce ,  such  a p r o c e d u r e  c on t a i n s  an e r ro r  c o r r e c t i o n  m e c h a n i s m  

wh i c h  c o r r e c t s  d e v i a t i o n s  f rom l o n g - r u n  r e l a t i o n s h i p s ,  and  t akes  

in to  a c c o u n t  d y n a m i c  a d j u s t m e n t s  c o n c e r n i n g  the  t r a n s i t i o n  f rom 

one  r e g i m e  to a no t he r .  The  i m p o r t a n c e  o f  u s i ng  the M S - V E C M  

a p p r o a c h  to i n v e s t i g a t e  the  p r e s e n c e  o f  b u b b l e s  in the  s t o ch a s t i c  

p r o c e s s  is t ha t  t e s t s  a pp l i e d  to t i me  s e r i e s  wi t h  u n c o n t r o l l e d  for  

r e g i m e  s w i t c h i n g  m a y  l ead  to m i s l e a d i n g  c o n c l u s i o n  in f a v o u r  o f  the 

p r e s e n c e  o f  b u b b l e s .  H e n ce ,  th i s  a p p r o a c h  a l l ows  the  a n a l y s i s  o f  

l o n g - r u n  b e h a v i o u r  o f  t ime  s er i es  by  e l i m i n a t i n g  the  e f f ec t  o f  

r e g i m e  s w i t c h i n g  on the  s t o c h a s t i c  p r o c e s s .  Ar t i s  and K ro l z i g  

( 2 00 4) ,  K r o l z i g  and Tor o  (2001)  and K r o l z i g  and  S e n s i e r  ( 2 00 0 )  are 

r e c e n t l y  p u b l i s h e d  s t ud i e s  r e l a t e d  to the  b u s i n e s s  cyc l e  w h i c h  make  

use  o f  M S - V A R  m o d e l l i n g .  It is s t i l l  i m p o r t a n t  to e m p h a s i s e  t ha t  the  

e m p l o y m e n t  o f  the  MS uni t  r oo t  t e s t  and  the  M S - V E C M  a p p r o a c h  is 

new in the  e m p i r i c a l  l i t e r a t u r e  on the  a na ly s i s  o f  b u b b l e s  in 

e x c h a n g e  r a t e s .

The  c h a p t e r  is s t r u c t u r e d  in f ive  d i s t i n c t  s ec t i on s .  

S e c t i o n  4.1 o u t l i n e s  the  ma in  p o i n t s  o f  the  t h e o r e t i c a l  m o d e l  to be 

e mp l o y e d .  S ec t i on  4.2 d e s c r i b e s  the s t a t i s t i c a l  da t a ,  v a r i a b l e s  used  

and  the  r e s e a r c h  s ou rc es .  Se c t i o n  4.3 p r e s e n t s  a t h e o r e t i c a l  

o v e r v i e w  o f  the  M a r k o v - s w i t c h i n g  r e g i m e  u n i t  r o o t  t e s t  and the 

M a r k o v - s w i t c h i n g  v e c t o r  a u t o r e g r e s s i o n - b a s e d  c o i n t e g r a t i o n  t e s t  as 

we l l  as the  e m p i r i c a l  r e su l t s .  F i n a l l y ,  S e c t i o n  4.4 p r e s e n t s  the  

c o n c l u s i o n s .
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4.1 - The  T h e o r e t i c a l  M od e l

The  mode l  used  in thi s  c h a p t e r  f o l l o ws  a s t a n d a rd  

m o n e t a r y  m o d e l  o f  e x c h a n g e  ra t e  d e t e r m i n a t i o n ,  w h i c h  d e r iv e s  the  

g e ne r a l  s o lu t i o n  for  b u b b l e s  u nd e r  r a t i o n a l  e x p e c t a t i o n s .  It f o l l ows  

s i m i l a r  v e r s i o n s  used  by  Ev a ns  ( 1991) ,  T a y l o r  and Pee l  ( 1 99 8 ) ,  Hal l  

et al.  ( 1999) ,  H o o k e r  ( 2000) ,  P s a r a d a k i s  et al.  ( 2001) .  The  m o d e l  o f  

two c o u n t r i e s ,  d o m e s t i c  and f o r e i gn ,  a s s u me s  each  c o u n t r y  has  a 

m o n e y  d e m a n d  e q u a t i o n  wi th  the  same  i n c o m e  e l a s t i c i t y  and  i n t e r e s t  

r a t e  s e m i - e l a s t i c i t y .  Th u s ,  it is p o s s i b l e  to o b t a i n  a s ing l e  m o n e y  

m a r k e t  e q u i l i b r i u m  by  c o m b i n i n g  the m o n e y  m a r k e t  e q u i l i b r i u m  

c o n d i t i o n  in b o th  c o un t r i e s .  It l eads  to the  f o l l o w i n g  s p e c i f i c a t i o n :
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m, ~ P, = ax y , - a2i, (4 -1 .1)

w he r e  mt , pt , y t and it d en o te s ,  r e s p e c t i v e l y ,  the  n a t u ra l  logs  o f  the 

r e l a t i v e  m o n e y  s up p l y ,  the  r e l a t i v e  p r i ce  l eve l ,  r e l a t i v e  rea l  i nc ome  

and  r e l a t i v e  i n t e r e s t  r a t e  b e t w e e n  the  d o m e s t i c  and fo r e i g n  

c o un t r i e s .  The  c o e f f i c i e n t s  ax a n d a 2 c o r r e s p o n d  to the  i nc ome  

e l a s t i c i t y  and  the  i n t e r e s t  r a t e  s e m i - e l a s t i c i t y ,  r e s p e c t i v e l y .

As the v a r i a b l e  it in (4 . 1 . 2 )  d e n o t e s  the  i n t e r e s t  r a te

d i f f e r e n t i a l  b e t w e e n  the c o u n t r i e s  and  it is a s s u m e d  t ha t  the  

u n c o v e r e d  i n t e r e s t  r a t e  p a r i t y  ( UI R P )  c o n d i t i o n  h o l d s  the  f o l l o w i n g  

e x p r e s s i o n  e mer ges :

it Etel+l et (4 . 1 . 2 )
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w h e r e  et d e n o t e s  the  n a t u r a l  log o f  t he  n o m i n a l  e x c h a n g e  r a t e  at 

t i me  t and E, is the  m a t h e m a t i c a l  e x p e c t a t i o n  c o n d i t i o n  on 

i n f o r m a t i o n  a v a i l a b l e  at t ime t. E q u a t i o n  (4 . 1 . 2 )  me a n s  t ha t  an 

e v e n t u a l  n o n - z e r o  i n t e r e s t  r a t e  d i f f e r e n t i a l  m u s t  be o f f s e t  by an 

e q u i v a l e n t  e x p e c t e d  c h an g e  in the  e x c h a n ge  ra te . .

The  mode l  a l so  a s s u me s  tha t  d e v i a t i o n s  f rom p u r c h a s i n g  

p o w e r  p a r i t y  (PPP)  f o l l o w  a r a n d o m wa lk  g i ve n  by:

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

e , - p ,  = u, (4 . 1 . 3 )

w h e r e  ut -  ul_] + st and  st ~ N(0,  a l )  ■ A s s u m i n g  t h a t  mt and y t are

e x o g e n o u s  and s u b s t i t u t i n g  ( 4 . 1 . 2 )  and (4 . 1 . 3 )  in to  (4 . 1 . 1 )  r e s u l t s  in 

the  f o l l o w i n g  r e p r e s e n t a t i o n :

e, = Q - b ) f l +bElel+l+ ( \ -b )u l ( 4 . 1 . 4 )

and 0 < b = ——— <1
1 + 0-2

w h e r e  f t =mt + aly l d e n o t e s  the  m a r k e t  f u n d a m e n t a l  so l u t i o n .

Fr om e q u a t i o n  (4 . 1 . 4 )  a f i r s t  o r d e r  e x p e c t a t i o n a l  

d i f f e r e n c e  e q u a t i o n  ma y  be d e r i v e d  by  r e p e a t e d l y  s u b s t i t u t i n g  Etet+X

for  n f u t u r e  t i me  p e r io d s .  As a r e s u l t  o f  th i s ,  w h e n  j  —>co and  (l + a2)_1 

is l e ss  t han  un i ty ,  by  h y p o t h e s i s ,  a n o n - b u b b l e  s o l u t i o n  e{ e m er g es  

as fo l l ows :

- 1 3 2 -



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

e!  =i}~b)'YJbi E,f,+j + u,
j =o

(4 . 1 . 5 )

H o w e v e r ,  the  d i f f e r e n c e  e q u a t i o n  (4 . 1 . 5 )  can a l so  have  

an i n f i n i t e  n u m b e r  o f  s o l u t i o n s  i f ( l  + a2)~' is g r e a t e r  t han  uni ty :

ef = Q -b )'Z b 1E ,fnJ + Bt =(4 . 1 . 6 )
j =o

Thus ,  i f  {B,} ^  0, and it is a s s u m e d  to be an i m p l i c i t  

p r o c e s s  o f  (4 . 1 . 6 )  and d e f i n e d  by ( 4 . 1 . 7 )  as:

for j  = 0, 1,2,... ( 4 . 1 . 7 )

t hen  the  s o l u t i o n  to (4 . 1 . 5 )  is no t  u n i q u e  and a p o t e n t i a l  i n f i n i t e  set  

o f  s o l u t i o n s  d e r iv e s  f rom (4 .1 .7 ) .

T h e r e f o r e ,  the  s o lu t i o n  a s s o c i a t e d  wi t h  (4 . 1 . 5 )  is the 

m a r k e t  f u n d a m e n t a l  s o l u t i o n  and (4 . 1 . 6 )  is a wh o le  set  o f  b u b b l e  

s o l u t i o n s  in w h i c h  Bt is the  e x c h a n ge  r a t e  b ub b l e .  The  e x t e n t  o f  the  

d e v i a t i o n  o f  the  e x c h a n g e  ra t e  f rom the  m a r k e t  e q u i l i b r i u m  is a 

r a t i o n a l  b u b b l e  c a p t u r e d  by the t e rm Bt d e f i n e d  by ( 4 . 1 .7 ) ,  wh i ch  

d r i ve s  e x c h a n g e  ra t e  m o v e m e n t s  away  f r om the  m a r k e t  f u n d a m e n t a l  

s o lu t i on .  I f  such  a d e v i a t i o n  is p e r c e i v e d  by  m a r k e t  p a r t i c i p a n t s  to 

be s i g n i f i c a n t  for  s p e c u l a t i v e  p u r p o s e s ,  t hen  it wi l l  be a s s i g n e d  

p r o b a b i l i t i e s  and  a da t a  g e n e r a t i n g  p r o c e s s  ( DG P)  is f o r med .  The  

DGP d e l i ve r s  the  a c t ua l  r a t i on a l  a sp e c t  to a r a t i o n a l  b ub b l e .  The r e
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wi l l  be a p a r t i c u l a r  p r o b a b i l i t y  a s s o c i a t e d  wi t h  the  c o n t i n u a t i o n  o f  

the  b u b b l e  n e x t  p e r i o d  a g a i n s t  the  p r o b a b i l i t y  o f  the  b u b b l e  

b u r s t i n g .  It is wo r t h  e m p h a s i s i n g  t ha t  g i v e n  the b u b b l e ’s a s y m m e t r i c  

p r o b a b i l i t y  d i s t r i b u t i o n ,  t hen  the  d i s t r i b u t i o n  o f  the  e x c h a n g e  ra t e  

i n n o v a t i o n s  wi l l  a l so  be a s y m m e t r i c .

In the  real  wo r l d ,  th i s  p r o c e s s  c a n n o t  on l y  be t h o u g h t  o f  

as b e in g  c h a r a c t e r i s e d  by  d e t e r m i n i s t i c  b u b b l e s .  I f  i t  is a s s u m e d  t ha t  

b u b b l e s  do ex i s t ,  t h e y  m u s t  be a s t o c h a s t i c  or  a p e r i o d i c  p r o c e s s ,  so 

t ha t  t he r e  are  p e r i o d s  o f  e x p a n s i o n  as we l l  as p e r i o d s  o f  c o n t r a c t i o n  

or  c o l l a ps e .  Ev a ns  ( 1 9 9 1)  e m b r a c e s  th i s  idea ,  and d e m o n s t r a t e s  the 

e x i s t e n c e  o f  an i m p o r t a n t  c l as s  o f  p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s  

w h i c h  is a key  focus  o f  th i s  ch ap t e r .  It can be d e s c r i b e d  a c c o r d i n g  

to the  f o l l o w i n g  r e p r e s e n t a t i o n :
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B.

(l + r)5,w,+1 i f  Bt < a

S + n~x (1 + r ) e t+\(Bt -(1  + r ) £)) *7+1
(4 . 1 . 8 )

i f  Bt > a

w he r e  (l + r)  is the  d i s c o u n t  ra t e ,  a s s u m e d  to be c o n s t a n t ,  5 and a  

are  r ea l  p o s i t i v e  p a r a m e t e r s  such  tha t  0 < ¿> < (1+ r ) a , {w,} is a

s e q u e n c e  o f  n o n - n e g a t i v e  e x o g e n o u s  i . i . d .  r a n d o m  v a r i a b l e s  wi th  

Etut+i =1,  and 0,+l is an e x o g e n o u s  i . i . d  B e r n o u l l i  p r o c e s s  i n d e p e n d e n t

o f  {«,}, such  tha t  it t akes  the  va lue  1 wi t h  p r o b a b i l i t y  n  and  0 wi th

the p r o b a b i l i t y  (1- tt) and 0 < ; r < l .  N o t e  t ha t  8 is the  me an  v a l ue  o f  a

b u b b l e  and a  is a p o s i t i v e  p a r a m e t e r  d e n o t i n g  the  m a g n i t u d e  o f  the  

b u b b l e ,  f rom w h i c h  a b u b b l e  can t ake  on a new d y n a m ic .  The  idea  is 

t ha t  w he n  Bt > 0 it i m p l i e s  t ha t  Bs > 0 Vs > t . I f  Bt < a  the  b u b b l e  wi l l
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be g r o w i n g  at me an  r a t e  (l + r ) .  On the o t he r  hand ,  whenf i ,  > a  the 

b u b b l e  a c q u i r e s  a new e x p a n s i o n  d y n a mi c  at f a s t e r  me an  ra t e  o f  

(l + r ) ^ 1 unt i l  the  b u b b l e  c o l l a p s e s  wi th  p r o b a b i l i t y  ( l - ; r ) .  On ce  the

b u b b l e  has  c o l l a p s e d  it  r e s t a r t s  and e x p a n d s  f rom the m e a n  va lue  

o f S .
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4.2 - Data

The  da t a  u s ed  in th i s  c h a p t e r  are c o l l e c t e d  f rom the 

I n t e r n a t i o n a l  F i n a n c i a l  S t a t i s t i c - I F S  p r o v i d e d  by the  I n t e r n a t i o n a l  

M o n e t a r y  F und  wi th  e n d - o f - q u a r t e r  p e r i o d i c i t y .  T h e y  c o n s i s t  o f  four  

i n d u s t r i a l i s e d  m a r k e t  e c o n o m y  c o un t r i e s :  C an a da ,  F r a nc e ,  G e r m a n y  

and  the U n i t e d  K i n g d o m .  The  p e r i o d  o f  a n a l y s i s  e x t e n d s  f rom 

1973:1 to 1998:4 ,  s i nce  f rom 1999:1 o n w a rd s  a s i ng l e  c u r r e n c y  

s y s t e m ( the  Eur o )  was  i n t r o d u ce d .

Th i s  s tudy  c o n d u c t s  the  a n a l y s i s  by  u s in g  the  n om i na l  

e x c h a n g e  ra t e  ( ER)  a g a i n s t  the  US d o l l a r  c o u n t r y  by  c o u n t r y  as the  

e n d o g e n o u s  v a r i a b l e .  The  r e g r e s s o r  d e n o t i n g  m o n e y  s u p p l y  c o n s i s t s  

o f  the  n a r r o w  m o n e y  s u p p l y  d i f f e r e n t i a l  Ml  1). The

r e g r e s s o r  is the  r ea l  i n c o me  d i f f e r e n t i a l  ( gdp -  gdp* = Y ) , and rea l  

i n c o m e  is r e p r e s e n t e d  by  GDP in v o l ume .

F i na l l y ,  the  v a r i a b l e  d i f f e r e n t i a l s  are  c a l c u l a t e d  by 

a s s u m i n g  the  U n i t e d  S t a t es  as the  n u m e r a i r e  c o u n t r y  d e n o t e d  by an 

a s t e r i s k  and in log fo rms .
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4.3 -  E c o n o m e t r i c  M e t h o d o l o g y

4.3 .1  - The M a r k o v - S w i t c h i n g  Uni t  Root  Tes t

A n u m b e r  o f  p ap e r s  has  d e m o n s t r a t e d  t ha t  t e s t s  o f  uni t  

roo t s  and c o i n t e g r a t i o n  for  e c o n o m i c  s er i es  ma y  fa i l  in the  p r e s e n c e  

o f  p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s  ( see  Ev a ns  1991) .  U s i ng  Mo n te  

Car lo  s i m u l a t i o n s  Ev a ns  (1991)  s h owe d  t ha t  e c o n o m i c  t i me  se r i es  

w i t h  a b u b b l e  p r o c e s s  may  o f t e n  a pp ea r  to be s t a t i o n a r y  in t e r ms  o f  

t r a d i t i o n a l  un i t  roo t  and c o i n t e g r a t i o n  t e s t s ,  even  t h o u g h  b u b b l e s  are 

e x p l o s i v e  by  c o n s t r u c t i o n .  T a y l o r  and Pee l  ( 1 99 8 )  a r gue  t ha t  s ince  

b u b b l e s  m u s t  c o l l a p s e  p e r i o d i c a l l y ,  s t a n d a r d  t e s t s  for  un i t  roo t s  and 

c o i n t e g r a t i o n  can g e n e r a t e  the  m i s l e a d i n g  c o n c l u s i o n  o f  m o n o t o n i c  

me a n  r e v e r s i o n .

G i v e n  t h e se  w e a k n e s s  o f  the  f a m i l i a r  a u g m e n t e d  Di ckey -  

F u l l e r  (ADF)  un i t  r o o t  t e s t  in the  p r e s e n c e  o f  p e r i o d i c a l l y  

c o l l a p s i n g  b u b b l e s  in e c o n o m i c  t ime  s e r i e s ,  t h i s  c h ap t e r  m a k es  use  

o f  a mor e  r o b u s t  t e s t  wh i c h  was  e x p l o r e d  by Hal l  et al.  ( 1 99 9 )  and 

e x t e n d s  it to a m u l t i v a r i a t e  co n t ex t .  The  p o p u l a r  a p p r o a c h  to 

c o n s t r u c t i n g  t e s t s  o f  h y p o t h e s e s  to d e t ec t  the  p r e s e n c e  o f  a un i t  roo t

in t i me  se r i e s  is b a s e d  on a u t o r e g r e s s i v e  r e g r e s s i o n  m o d e l s

l ike  e q u a t i o n  (4 . 3 . 1 . 1 ) :

&y, = M 2>Ay,-, + u ( 4 . 3 . 1 . 1 )

48 Note that a similar procedure based on Markov regime-switching regression models was also employed 
by Van Norden (1996, 1998).
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w h e r e  Ay = y l - y l_i , {v,} is a z e r o - m e a n  wh i t e  no i s e  p r o c e s s ,  and k is 

a s u i t a b l y  c ho se n  i n t e g e r  ( see  D i c k e y  and Fu l l e r ,  1981) .  The  

s t a n d a r d  a n a l y s i s  is c o n d u c t e d  on the  c o e f f i c i e n t  o f  y tX (^) in

( 4 . 3 . 1 . 1 ) ,  w h i c h  is e x a m i n e d  for  i ts  s t a t i s t i c a l  s i g n i f i c a n c e  b a s e d  on 

the  ^ - s t a t i s t i c ,  bu t  w i t h  n o n - s t a n d a r d  c r i t i c a l  v a l ue s .  S t a t i s t i c a l l y  i f  

<j> = 0 the  se r i e s  is s u p p o s e d  to be 1(1).  N o n e t h e l e s s ,  the  ma in  

d i f f i c u l t y  o f  th i s  c l as s  o f  t e s t  is t ha t  it is on ly  ab l e  to d e t ec t  the  

p r e s e n c e  o f  a b u b b l e  in i ts e x p a n s i o n  phase .

A g e n e r a l i s a t i o n  to the  s t a n d a r d  A DF  un i t  r oo t  t e s t  is to 

a l l o w for  the  p o s s i b i l i t y  o f  the  d y n a mi c  b e h a v i o u r  o f  | y (} a s s u mi n g

d i f f e r e n t  c h a r a c t e r i s t i c s  for  d i f f e r e n t  p e r i o d s  o f  the  s ampl e .  M a k i n g  

use o f  the  c l as s  o f  d y n a m i c  M a r k o v - s w i t c h i n g  m o d e l s  e x p l o r e d  in 

H a m i l t o n  (1988 ,  1989) ,  Hal l  et al.  ( 1 9 9 9 ) ’s a p p r o a c h  c o n s i s t s  o f  

m o d i f y i n g  the  s t a n d a r d  ADF un i t  r oo t  t e s t  a l l o w i n g  the  ADF 

r e g r e s s i o n  p a r a m e t e r s  in e q u a t i o n  ( 4 . 3 . 1 . 1 )  to s wi t ch  v a l u es  ove r  

d i f f e r e n t  r e g i m e s / s t a t e s . Th i s  p r o c e d u r e  a l l ows  for  a d y n a mi c  

s t ru c t u r e  c o n s i s t e n t  w i t h  p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s .  The  

m o t i v a t i o n  for  thi s  new m e t h o d o l o g y  is the  p o s s i b l e  e x i s t e n c e  of  

two  d i f f e r e n t  r e g i m e s  d r i v i n g  the  e c o n o m i c  se r i e s  c o n g r u e n t  wi th  

the  e x p a n d i n g  and  c o l l a p s i n g  p h a s e s  o f  the  b u b b l e .  The 

g e n e r a l i s a t i o n  c o n s i s t s  o f  a s s u m i n g  t ha t  the  p a r a m e t e r s  g o v e r n i n g  

e q u a t i o n  ( 4 . 3 . 1 . 1 )  are  t i m e - v a r y i n g ,  t h a t  is,  t hey  c h an g e  wi th  an 

u n o b s e r v e d  i n d i c a t o r s ,  e { 0,l}, so t ha t  the  g e n e r a l i s e d  e q u a t i o n  can be 

d e n o t e d  a c c o r d i n g  to the  f o l l o w i n g  r e p r e s e n t a t i o n :

+Mis, + [̂ 0 (! -  ̂  ) + + ZlViy-O-'O + V'z/,] Ay - j  + e<

(4 . 3 . 1 . 2 )
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w he r e  {e,} is a s e q u e n c e  o f  i n d e p e n d e n t  and i d e n t i c a l l y  d i s t r i b u t e d  

( i . i . d )  r a n d o m  v a r i a b l e s  wi t h  zero  mean  and un i t  v a r i a nc e .

A c c o r d i n g  to G o l d f e l d  and Qu a nd t  (1 9 7 3)  and H a m i l t o n  

(19 88 ,  1989) ,  da t e  t is a s s o c i a t e d  wi t h  a r e g i m e  s e l e c t e d  n a t u r a l l y  

and  wi t h  a p r o b a b i l i t y  w h i c h  d e pe nd s  upon  wha t  r e g i m e  p r e c e d e d  

the  p r o c e s s  at da te  t - 1. The  idea  is t ha t  g i ve n  a r a n d o m  

s e q u e n c e  {i ,}, c h a r a c t e r i s e d  as a h o m o g e n e o u s  M a r k o v  c ha i n  on the

s ta t e  s p a c e { 0,l}, the  t r a n s i t i o n  p r o b a b i l i t y  a s s o c i a t e d  wi th  each  

d i f f e r e n t  s t a t e  space  is:

?r(st =\  | s,_, =1 ) = p  

Pr(i, = 0  | = \) = \ - p

Pr (s, -  0 | j ,_i = 0) = tf 

Pr(s, =1 | s,_i = 0) = 1 -  <7

( 4 . 3 . 1 . 3 )

w h e r e  an a d d i t i o n a l  r e q u i r e m e n t  is t ha t  the  i n n o v a t i o n s  {et} in 

e q u a t i o n  ( 4 . 3 . 1 . 2 )  m u s t  be i n d e p e n d e n t  o f  the  s t a t e  v a r i a b l e s  V, ■ By 

a l l o w i n g  the  m o d e l ’s p a r a m e t e r s  to be f u n c t i o n s  o f  the 

s t o c h a s t i c a l l y  c h o s e n  r e g i m e s  wh i c h  c o n t r o l  the  p r o c e s s  at da t e  t, 

the  e q u a t i o n s  ( 4 . 3 . 1 . 2 )  and ( 4 . 3 . 1 . 3 )  c o n s t i t u t e s  a g e n e r a l i s a t i o n  o f  

the  l i n ea r  ADF m o de l  in ( 4 . 3 . 1 . 1 ) .  It is i m p o r t a n t  to h i g h l i g h t  t ha t  

t h e s e  r e g i m e s  or  s t a t es  c h a n g e s  a l l ow a v a r i e t y  o f  o u t c o m e s  to t ake  

p l ace .

Like  the  t r a d i t i o n a l  ADF un i t  roo t  t es t ,  the  t e s t  c r i t e r i a  

for  the  nul l  h y p o t h e s i s  o f  a un i t  roo t  in e i t he r  r e g i m e s  r e q u i r e s  t ha t  

the  p a r a m e t e r s  <j>0 = 0 a n d / o r  <¡>¡ = 0 . Hen ce ,  by a n a l o g y  to the  s t a n d a rd

AD F s t a t i s t i c ,  the  M a r k o v - s w i t c h i n g  un i t  roo t  t e s t  may  be b a s ed  on 

the  a s y m p t o t i c  f - r a t i os  a s s o c i a t e d  wi t h  the  m a x i m u m  l i k e l i h o o d
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e s t i m a t e s  o f  <f>0 and . N e v e r t h e l e s s ,  d e t e c t i n g  the  p r e s e n c e  o f  an

e x p l o s i v e  r a t i o n a l  b u b b l e  wi t h i n  the  M a r k o v - s w i t c h i n g  AD F 

f r a m e w o r k  r e q u i r e s  </)0> 0 or ^ , > 0 , i n d i c a t i n g  t h a t  one  o f  the  r e g i me s

d r i v i n g  the  s t o c h a s t i c  p r o c e s s  has  an e x p l o s i v e  a u t o r e g r e s s i v e  r o o t 49.

The  M S - s w i t c h i n g  r e g i m e  un i t  roo t  t e s t  is a p p l i e d  for  the 

e x c h a n g e  r a t e  and i ts f u n d a m e n t a l s  in four  i n d u s t r i a l i s e d  m a r k e t  

e c o n o m y  c o un t r i e s :  C an a da ,  F r an ce ,  G e r m a n y  and the  U n i t e d  

K i n g d o m.  As the f u n d a m e n t a l s  mode l  o f  the  e x c h a n g e  r a t e  

c o r r e s p o n d s  to the  t r a d i t i o n a l  m o n e t a r y  a p p r o a c h ,  the  t e s t s  are 

a p p l i e d  to the  e x c h a n g e  ra t e ,  m o n e y  s u p p l y  d i f f e r e n t i a l  and  ou t pu t  

d i f f e r e n t i a l .  N o t e  t h a t  the  u n c o v e r e d  i n t e r e s t  r a t e  p a r i t y  ( UI RP)  

c o n d i t i o n  ho l ds .  It is a l so  a s s u m e d  t ha t  the  t i me  s er i es  c o n t a i n  two 

d i f f e r e n t  r e g im e s :  one  o f  them r e p r e s e n t s  the  l o n g - r u n  f u n d a m e n t a l s  

s o lu t i o n  and the  o t h e r  one  r e p r e s e n t s  the  n o n - f u n d a m e n t a l s  so l u t i o n .  

The  n o n - f u n d a m e n t a l s  s o lu t i o n  is s u p p o s e d  to c h a r a c t e r i s e  a b u b b l e  

p r o c e s s .  It is i m p o r t a n t  to e m p h a s i s e  t ha t  e v i d e n c e  o f  e x p l o s i v e  

b e h a v i o u r  f o u nd  in the  e x c h a n ge  ra t e  s e r i e s  c o m b i n e d  w i t h  s im i l a r  

b e h a v i o u r  in i ts f u n d a m e n t a l s  s er i es  is s u g g e s t i v e  t h a t  e x c h a n g e  ra t e  

v o l a t i l i t y  is a c o n s e q u e n c e  o f  m a r k e t  f u n d a m e n t a l s  v o l a t i l i t y .  On the 

o th e r  hand ,  i f  e x c h a n g e  r a t e  b e h a v i o u r  is not  f o l l o w e d  by s i m i l a r  

b e h a v i o u r  in i ts f u n d a m e n t a l s  then  a r a t i o n a l  b u b b l e  p r o c e s s  ma y  be 

d r i v i n g  the e x c h a n ge  ra t e  away  f rom the  f u n d a m e n t a l s  so l u t i o n .

In p r a c t i c e ,  the  M S - u n i t  r oo t  t e s t  p r o c e d u r e  c o m p o s e d  o f  

two  d i f f e r e n t  r e g i m e s  c o n s i s t s  o f  t e s t i n g  the  nul l  h y p o t h e s i s  o f  non-  

s t a t i o n a r i t y  <j)0 = 0 and  ^, = 0 a g a i n s t  the  a l t e r n a t i v e  ^0< 0 ( ^ , > 0) and

^ 0> 0 ( ^ , < 0 )  in e q u a t i o n  (4 . 3 . 1 . 2 ) .  No t e  t h a t  a n e g a t i v e  e s t i m a t e  </>s 

and  a p o s i t i v e  e s t i m a t e  <j>s s t a t i s t i c a l l y  s i g n i f i c a n t  in t he  r e g i me

49 It is worth emphasising, as stated by Hall et al. (1999), that the Markov-switching unit root test is a 
methodology designed to detect successfully the presence of all types of periodically collapsing bubbles. 
However, if the probability of the bubble collapsing is significantly high, or if the effect of a bubble driving 
the volatility of asset prices is not relevant, then the power of any bubble test becomes very low.

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

- 1 3 9 -



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

s , = { 0,l} i m p l y  s t a t i o n a r i t y  and e x p l o s i v e  b e h a v i o u r ,  r e s p e c t i v e l y .  

An  e x p l o s i v e  e s t i m a t e  o f  <j>s for  the  e x c h a n g e  r a t e  in the  r e g im e  st , 

no t  f o l l o w e d  by s i m i l a r  e s t i m a te s  in i ts f u n d a m e n t a l s ,  i n d i c a t e  the 

p o s s i b i l i t y  o f  b u b b l e s  g o v e r n i n g  the s t o c h a s t i c  p r o c es s .  T ab l e  4.1 

d i s p l a ys  the  r e s u l t s  o f  e s t i m a t i n g  ( 4 . 3 . 1 . 2 )  for  Ca na d a ,  F r ance ,  

G e r m a n y  and the U n i t e d  K i n g d o m .  The  lag o r d e r  o f  the  ADF 

r e g r e s s i o n  is b a s e d  on the  A k a ik e  i n f o r m a t i o n  c r i t e r i o n 50.

50 Note that all computations are generated by a regime-dependent coefficients and heteroskedasticity 
MSIAH( st )-ARX( p t ) model with two different regimes and pt lag order for variables in first difference.
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T ab l e  4.1 -  M a x i m u m  L i k e l i h o o d  E s t i m a t e s  for  M S - A D F  
R e g r e s s i o n 1

C o u n t r y V a r i a b l e 51
<t>s

st = 0 s, =1

C a n a d a 2

E x c h a n g e  Rat e  [4] 0.1895 (23.884)** -0.0261 (-1.347)

M o n e y  S u pp l y  [4] 0.1621 (15.315)** -0.0918 (-2.995)**

Ou t pu t [4 ] -0.1009 (-12.519)** 0.0142 (0.518)

F r a n c e 2

E x c h a n g e  Rate  [3] -0.1 1 69 (-3.1 84)** -0.0227(-0.723)

M o n e y  S u p p l y  [1] -0.3302 (-19.568)** -0.0371 (-1.289)

O u t pu t  [2] -0.0914 (-3.755)** 0.0513 (4.238)**

G e r m a n y 2

E x c h a n g e  Rate  [5] -0.1 1 01 (-3.378)** -0.0296 (-0.825)

M o n e y  S u p p l y  [1] 0.0 1 1 9 (0.3704) -0.0898(-2.067)

O u t pu t  [4] -0.053 (-2.585)* 0.015 (0.075)

U K 2

E x c h a n g e  Rat e  [3] -0.1 889 (-4.5 1 9)** -0.1235 (-2.539)*

M o n e y  S u pp l y  [4] -0.1 595 (-4.21 7)** -0.0052 (-0.139)

O u t p u t  [1] -0.0773(-3.795)** 0.1 004 (3.77)**
1 F i g u r e s  in s q u a r e  b r a c k e t  a r e  t h e  l a g  o r d e r  in t h e  A D F  r e g r e s s i o n  a n d  t h o s e  in 

p a r e n t h e s e s  a r e  / - v a l u e s .
2 C r i t i c a I V a l u e s :  * = ( 5 %  l e v e l )  , * * = ( 1 %  l e v e l ) .

The  r e s u l t s  in T ab le  4.1 for  C a n a d a  show a s t a t i s t i c a l l y  

s i g n i f i c a n t  p o s i t i v e  e s t i m a t e  o f  <f>0 ( s t = 0 ) and a n o n - s i g n i f i c a n t  

n e g a t i v e  e s t i m a t e  o f  ( s ( = l )  for  the  e x c h a n g e  ra t e .  No t e ,

n e v e r t h e l e s s ,  t ha t  the  c o m p u t a t i o n  for  the  m o n e y  s u p p l y  a l so 

d e m o n s t r a t e s  a s i g n i f i c a n t l y  e x p l o s i v e  r e s u l t  o f  t/>0 in r e g i m e  st = 0 .

51 Note that all variables are expressed in logarithmic form.
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T hus ,  the  p o s i t i v e  e s t i m a t e  in r e g i m e  st = 0 for  b o t h  v a r i a b l e s  r e j ec t s  

the  h y p o t h e s i s  o f  b u b b l e s  d r i v i n g  the  e x c h a n g e  ra t e .  As the  

e x c h a n g e  r a t e  and the  m o n e y  s up p ly  d e m o n s t r a t e d  bo th  e x p l o s i v e  

b e h a v i o u r s  in s, = 0 , the  h y p o t h e s i s  o f  the  p r e s e n c e  o f  b u b b l e s  is 

r e j e c t e d  in f a v ou r  o f  a f u n d a m e n t a l  s o lu t i o n .  Th i s  c o n c l u s i o n  for  

C a n a d a  is p a r t i a l l y  r e i n f o r c e d  by a n a l y s i n g  the  p r o b a b i l i t i e s  

c o n s i d e r i n g  the  s a m p l e  as a wh o le  in r e g i m e s  st -  0 and s( = l  ( see  

F i g u r e  4 . 1 - C a n a d a ) .  The  p r o b a b i l i t y  o f  the  e x c h a n g e  r a t e  m o v e m e n t s  

r e m a i n i n g  in r e g i m e  s, = 0 a s s o c i a t e d  to the  p r o b a b i l i t y  o f  the  m o n e y  

s u p p l y  r e m a i n i n g  in the  r e g i me s ,  =0  r e j e c t s  the  p r e s e n c e  o f  b u b b le s .

N o n e t h e l e s s ,  in some q u a r t e r s  b e f o r e  and  a f t e r  1980 and 1990 the 

e x c h a n g e  r a t e  d e m o n s t r a t e s  an e x p l o s i v e  b e h a v i o u r  as in r e g i me  

s: = 0 a s s o c i a t e d  to n o n - e x p l o s i v e  f u n d a m e n t a l s  e v i d e n c e d  in r e g i me

s, = 1. The  g r a p h i c a l  a n a l y s i s  for  t he se  p e r i o d s  may  r e v e a l  some 

e v i d e n c e  o f  b u b b l e s  and r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n s .
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The  a n a l y s i s  for  F r an c e  is c l e a r  cut  as the  n e g a t i v e  

e s t i m a t e s  o f  <j>s f o u n d  in b o th  r e g i m e s  ( st = 0 and  s, = 1) for  the  

e x c h a n g e  r a t e  do no t  s u p po r t  the  p r e s e n c e  o f  b u b b l e s  ( see  Tab l e  

4 .1) .  The  s i g n i f i c a n t  n e g a t i v e  e s t i m a te  o f  <f>0 fo r  the  e x c h a n g e  ra t e  

and  for  the  m o n e y  s u p p l y  s hows  s t a t i o n a r i t y  for  b o t h  v a r i a b l e s  in 

r e g i m e  s, = 0 .  The  r e g i m e  s , = l  p r o d u c e d  a n o n - s i g n i f i c a n t  n e g a t i v e  

e s t i m a t e  o f  t/>i for  the  e x c h a n g e  ra t e  and for  the  m o n e y  s upp l y .  

H e n ce ,  t he se  r e s u l t s  ma y  r e ve a l  t ha t  the  e x c h a n g e  ra t e  b e h a v i o u r  is 

due  to the  m o n e y  s u p p l y  b e h a v i o u r  and  so the  h y p o t h e s i s  o f  the  

p r e s e n c e  o f  b u b b l e s  is ag a i n  r e j e c t ed .  F i gu r e  4.2 -  F r a n c e  s hows  

tha t  the  s t a t i o n a r i t y  o b s e r v e d  in the  e x c h a n g e  r a t e  for  the  1981- 1985  

p e r i o d  and for  the  1 9 91- 1993  p e r i o d  d e s c r i b e d  in r e g i m e  s, = 0 ,  in 

p a r t i c u l a r ,  are  a s s o c i a t e d  to a mix  o f  n o n - s t a t i o n a r y  and s t a t i o n a r y  

b e h a v i o u r s  g e n e r a t e d  by the m o n e y  s u p p l y  in r e g im e s ,  =0  and  st = 1,
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r e s p e c t i v e l y .  Once  aga in ,  

h y p o t h e s i s  o f  no b u b b l e  

F r an c e  d i s p l a ys  the  g r a ph s

the g r a p h i c a l  a n a l y s i s  r e i n f o r c e s  

d r i v i n g  the e x c h a n g e  ra t e .  F i gu r e  

o f  r e g i me  p r o b a b i l i t i e s .

the

4 .2-

F i g u r e  4 . 2 - F r a n c e

1975 1980 1985 1990 1995 2000
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For  G e r m a n y  a p o s i t i v e  e s t i m a t e  o f  (j)s is no t  c o m p u t e d  in 

b o t h  r e g i m e s  for  the  e x c h a n g e  r a t e  ( see  T ab l e  4 .1) .  The  s i g n i f i c a n t  

n e g a t i v e  e s t i m a t e  o f  <j)s f o u nd  in r e g i m e  s, = 0 and n o n - s i g n i f i c a n t

e s t i m a t e  f o u nd  in r e g i m e  s, =1 l e ads  to the  c o n c l u s i o n  t ha t  the 

e x c h a n g e  r a t e  s er i es  is a s t a t i o n a r y  and  n o n - s t a t i o n a r y  p r o c e s s ,  

r e s p e c t i v e l y ,  in d i f f e r e n t  r e g im e s .  The e s t i m a t e  o f  <ps for  the  m o n e y

s u p p l y  is f o u nd  p o s i t i v e  in r eg im e s ,  = 0 , t h o u g h  s t a t i s t i c a l l y  n o n 

s i g n i f i c a n t ,  and n o n - s t a t i o n a r y  in r e g i m e  s, = 1. As  such ,  the

h y p o t h e s i s  o f  b u b b l e s  in the  G e r m a n  e x c h a n g e  ra t e  is r e j e c t e d  for  

the  s a m p l e  p e r i od .  Thi s  c o n c l u s i o n  is s u p p o r t e d  by a n a l y s i n g  

g r a p h i c a l l y  the  r e g i m e  p r o b a b i l i t i e s  in w h i c h  the n o n - s t a t i o n a r i t y  

for  the  e x c h a n g e  ra t e  and for  the  m o n e y  s u p p l y  o b s e r v e d  in 

r e g im e s ,  =1 p r e v a i l s  for  the  s a m p l e  p e r i o d  as wh o le  ( see  F i gu r e  4 .3-  

G e rm a n y ) .
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F i g ur e  4 . 3 - G e r m a n y
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F i n a l l y ,  the  U n i t e d  K i n g d o m  case  d e m o n s t r a t e s  a s im i l a r  

c o n c l u s i o n  as for  G e r m a n y  a b ou t  the  p r e s e n c e  o f  b u b b l e s .  The 

s i g n i f i c a n t  n e g a t i v e  e s t i m a t e s  o f  </)s in r e g i m e  s, = 0 c o n f i r m  tha t  the  

e x c h a n g e  r a t e  is a s t a t i o n a r y  p r o c e s s  r e i n f o r c e d  by  a s i m i l a r  r e su l t  

for  the  m o n e y  s u pp l y  ( see  T ab le  4 .1) .  The  r eg i me s ,  =1 d e m o n s t r a t e s

t ha t  the  e x c h a n g e  ra t e  is n o n - s t a t i o n a r y  a s s o c i a t e d  to a s im i l a r  

b e h a v i o u r  for  the  m o n e y  s upp l y .  The  r e s u l t s  for  bo t h  r e g i m e s  do not  

a l l o w  for  the  c o n c l u s i o n  o f  b u b b l e s  d r i v i n g  the  e x c h a n g e  ra t e .  

F i g u r e  4 . 4 - U K  t ha t  d i s p l a ys  the  p r o b a b i l i t i e s  o f  r e g i m e s  c on f i r m  

th i s  f i nd i n g  as the  g r a p h i c a l  b e h a v i o u r  for  the  e x c h a n g e  r a t e  and the 

m o n e y  s u p p l y  f o l l o ws  the  n o n - s t a t i o n a r y  r e g im e s ,  = 1.
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F i g ur e  4 . 4 U K
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MSIAH(2)-ARX(1), 1974 (2) - 1998 (4)

A l t h o u g h  it  is no t  p o s s i b l e  to i d e n t i f y  r o b u s t l y  d i f f e r e n t  

r e g i m e s  ( n o n - b u b b l e  and b u b b l e  r e g i m e s )  b a s e d  on on l y  r e g i m e  

p r o b a b i l i t i e s ,  it is p o s s i b l e  to s t a t e  the  p r e v a i l i n g  r e g i m e s  for  each  

v a r i a b l e .  T ab l e  4.2 d i s p l a ys  the  r e g im e  p r o b a b i l i t y  for  each  v a r i a b l e  

b a s e d  on the n u m b e r  o f  o b s e r v a t i o n s  by r e g im e s .
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Ta bl e  4.2 -  R e g i m e  P r o b a b i l i t i e s  (%)*

C o u n t r y V a r i a b l e 52 53
*,=o s, = i

C an a d a

E x c h a n g e  Rate  [4] 13.6 86.4

M o n e y  S u pp l y  [4] 19.5 80.5

Ou t pu t [4 ] 15.0 85.0

F r a n c e

E x c h a n g e  Rat e  [3] 51.7 48.3

M o n e y  S u pp l y  [ 1 j 83.8 16.2

O u t pu t  [2] 72.2 27.8

G e r m a n y

E x c h a n g e  Rat e  [5] 63.4 36.6

M o n e y  S u pp l y  [1 ] 64.6 35.4

O u t p u t  [4] 81.9 18.1

UK

E x c h a n g e  Rate  [3] 69.1 30.9

M o n e y  S u pp l y  [4] 65.1 34.9

O u t pu t  [1] 61.4 38.6
* F i g u r e s  in s q u a r e  b r a c k e t  a r e  t h e  l a g  o r d e r  in t h e  A D F  r e g r e s s i o n  a s  in T a b l e  4 . 1 .

By c o m p a r i n g  r e s u l t s  in T a b l e  4.1 and T a b l e  4.2 for  

C an a da ,  for  i n s t a n c e ,  it may  be i n t e r p r e t e d  t ha t  the  r e g i me  

p r o b a b i l i t y  o f  the  e x p l o s i v e  b e h a v i o u r  r u n n i n g  the  e x c h a n g e  ra te  

and the  m o n e y  s u p p l y  in s, = 0 is much  l ess  t ha n  the  p r o b a b i l i t y  for

the  n o n - e x p l o s i v e  r e g i m e  s, =1.  It m e a n s  t ha t  a f u n d a m e n t a l  s o l u t i o n  

p r e v a i l s  for  the  e x p l o s i v e  case  . F r an c e  p r e s e n t e d  the  r e g i me

52 Note that all variables are expressed in logarithmic form.
53 An exception must be made for some quarters before and after 1980 and 1990 as already aforementioned.
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p r o b a b i l i t y  o f  a s t a t i o n a r y  b e h a v i o u r  in r e g i m e  st = 0 for  the 

e x c h a n g e  r a t e  and the m o n e y  s u pp ly  s l i g h t l y  g r e a t e r  t ha n  the  r e g i me  

p r o b a b i l i t y  for  a n o n - s t a t i o n a r y  r e g i m e  s( = l .  Once  aga i n ,  the

f u n d a m e n t a l  s o lu t i o n  for  F r ance  p r e v a i l e d .  G e r m a n y  and  UK did  not  

e x h i b i t  an e x p l o s i v e  b e h a v i o u r  for  e i t he r  the  e x c h a n g e  r a t e  or  the 

m o n e y  s u p p l y  and  the  p r e v a i l i n g  r e g im e  p r o b a b i l i t y  is s t a t i on a r y .  

The  u n e x p e c t e d  r e g i me  p r o b a b i l i t i e s  f o u n d  for  G e r m a n y  and UK 

s u p p o r t i n g  the  s t a t i o n a r i t y  for  the  e x c h a n g e  ra t e  ma y  r e q u i r e  f u r t he r  

i n v e s t i g a t i o n s .

F i n a l l y  t e s t s  for  l i n e a r i t y  b a s e d  on M S - l i k e l i h o o d  r a t i os  

r e j e c t e d  the  nul l  h y p o t h e s i s  o f  one r e g i m e  and r e v e a l e d  n o n - l i n e a r  

b e h a v i o u r s  for  the  e x c h a n g e  ra t e .  T ab l e  4.3 d i s p l a ys  l i n e a r i t y  

s t a t i s t i c s :

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

4.3 - L i k e l i h o o d  Rat i o  (LR)  L i n e a r i t y  Tes t s

C o u n t r y LR X1

C an a d a 30 . 804 ( 7 ) [ 0 . 0 0 0 1 ] * *

F r a n c e 1 3 . 5779 ( 6 ) [ 0 .0 3 4 7 ]  *

G e r m a n y 22 . 45 9 ( 8 ) [ 0 . 00 4  1]**

UK 12.0129 ( 6 ) [ 0 . 0 4 1 7 ] *

** = 1% and * = 5% l e v e l  o f  s i g n i f i c a n c e .
F i g u r e s  in p a r e n t h e s e s  d e n o t e  d e g r e e s  of  f r e e d o m  and  in s q u a r e d  
b r a c k e t s  are  p - v a l u e s .

To s u m m a r i s e ,  the  a n a l y s i s  to d e t e c t  the  p r e s e n c e  o f  

b u b b l e s  b a s e d  on the  M S- u n i t  roo t  p r o c e d u r e  does  no t  r e ve a l  c l ea r  

e v i d e n c e  o f  b u b b l e s  d r i v i n g  the  s t o c h a s t i c  p r o c e s s  o f  the  e x c h a n ge  

ra t e .  The  r e s u l t  for  C a n a d a  was  the  on l y  one  t ha t  p r o d u c e d
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s i g n i f i c a n t  p o s i t i v e  e s t i m a t e  o f  </>s in the  e x c h a n g e  r a t e  f o l l o w e d  by 

s i m i l a r  r e su l t s  in at l eas t  one  e x c h a n g e  r a t e  f u n d a m e n t a l .  The  

g r a p h i c a l  a n a l y s i s  for  C a n a d a  a l so  p r e s e n t e d  an e x p l o s i v e  r e g im e  in 

the  e x c h a n g e  ra t e  a s s o c i a t e d  to a n o n - e x p l o s i v e  r e g i m e  in 

f u n d a m e n t a l s  w h i c h  ma y  s u g ge s t  e v i d e n c e  o f  b u b b l e s .  H o w e v e r ,  thi s  

c o n c l u s i o n  is not  r o b u s t  and r e q u i r e s  a f u r t h e r  i n v e s t i g a t i o n .  

M o r e o v e r ,  as t e s t s  d e t e c t e d  n o n - l i n e a r  b e h a v i o u r s  t he re  ma y  be 

p e r i o d s  in g r a ph s  d e m o n s t r a t i n g  some  e v i d e n c e  o f  r e g im e  

m i s m a t c h e s  b e t w e e n  the  e x c h a n g e  r a t e  and  its f u n d a m e n t a l s .  The se  

p e r i o d s  may  r e q u i r e  a f u r t h e r  i n v e s t i g a t i o n .  N e x t  s e c t i o n  p r e s e n t s  an 

a d d i t i o n a l  a p p r o a c h  for  b u b b l e  t e s t s  b a s e d  on M S - V E C M .

4.3.2 - The Markov-Switching Vector Autoregression of Nonstationary TS

The  H a m i l t o n  ( 1988 ,  1 989)  a p p r o a c h  m o d e l s  r e g im e

s w i t c h i n g  b e h a v i o u r  o f  u n i v a r i a t e  t i me  se r i es .  In p a r t i c u l a r ,  the  

u n d e r l y i n g  i dea  o f  th i s  c l as s  o f  r e g i m e - s w i t c h i n g  m o d e l s  c o n s i s t s  o f  

e x a m i n i n g  the  e f f e c t  o f  an u n o b s e r v a b l e  r e g i m e  v a r i a b l e s , ,  d e n o t i n g  

d i f f e r e n t  s t a t es  o f  t he  wo r l d ,  on the  p a r a m e t e r s  o f  a s t o c h a s t i c  

p r o c e s s .  The  i n c r e a s i n g  i n t e r e s t  in a n a l y s i n g  m u l t i v a r i a t e  s ys t e ms  

wi t h  r e g i m e  s w i t c h i n g  e n c o u r a g e d  the  d e v e l o p m e n t  o f  a new 

t e c h n i q u e  b a s e d  on v e c t o r  a u t o r e g r e s s i o n  ( VAR)  m o d e l l i n g .  Thi s  

new a p p r o a c h  was  p r o p o s e d  by K r o l z i g  ( 1 99 6 )  who d e v e l o p e d  the 

idea  o f  c o i n t e g r a t e d  M a r k o v - S w i t c h i n g  v e c t o r  a u t o r e g r e s s i o n  (MS-  

VA R) .  In p a r t i c u l a r ,  it is d e s i g n e d  to i n v e s t i g a t e  the  s t a t i s t i c a l  

p r o p e r t i e s  o f  m u l t i v a r i a t e  t ime  se r i es  s u b j e c t  to r e g i m e s  sh i f t s .  No t e  

t ha t  a l t h o u g h  the p a r a m e t e r s  are  t i m e - v a r y i n g ,  t he y  are  c o n s t a n t  

c o n d i t i o n a l  on st . E s s e n t i a l l y ,  K r o l z i g  e x t e n d s  the  u n i v a r i a t e  case  

to the  m u l t i v a r i a t e  case  by  g e n e r a t i n g  the  f i n i t e  o r d e r  v e c t o r
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a u t o r e g r e s s i v e  ( VAR)  mode l  wi t h  r e g i m e  s w i t c h i n g  w h i c h  is 

e x p r e s s e d  g e n e r i c a l l y  by the  f o l l o w i n g  e qu a t i on :

x t -  v(st ) + A\(s, )x,-i + • • • + A P(s, )x,-p + Mi ( 4 . 3 . 2 . 1 )

w h e r e  the  s a m p l e  v a l u es  xo,---,x\~p are f i xed  and c o n s t i t u t e  e l em en t s  

o f  a v e c t o r  ma t r i x .  The  d e p e n d e n c e  o f  the  p a r a m e t e r s  on the r e a l i s e d  

r e g i m e  st is d e n o t ed  by the  p a r a m e t e r  sh i f t

f u n c t i o n s  v(s, ) , Ai(st ) , . . . ,  A p(s,) ■ For  i n s t a n c e ,  the  s t a t e - s p a c e  

r e p r e s e n t a t i o n  for  the  i n t e r c e p t  is e x p r e s s e d  as:

v(5<)

vi (f Si = 0 

Vm i f  st = M - 1

(4 . 3 . 2 . 2 )

The  p a r a m e t e r s  in e q u a t i o n  ( 4 . 3 . 2 . 1 )  are  s u b j e c t  to a 

p r e v a i l i n g  r e g i m e  w h i c h  is s t o c h a s t i c  and u n o b s e r v a b l e .  Thus ,  a 

c o m p l e t e  d e s c r i p t i o n  o f  the  da t a  g e n e r a t i n g  p r o c e s s  r e q u i r e s  

f o r m u l a t i o n  o f  a ru l e ,  a r e g i m e  g e n e r a t i n g  p r o c e s s ,  and then  the 

e v o l u t i o n  o f  r e g i m e s  can be i n f e r r e d  f r om the da ta .  The  r e g im e  

g e n e r a t i n g  p r o c e s s  in M a r k o v - s w i t c h i n g  m o d e l s  c o n s t i t u t e s  a 

h o m o g e n e o u s  M a r k o v  cha i n  b a s e d  on a f i n i t e  n u m b e r  o f  s t a t es  

S' =1 ,...,M and d e f i n e d  by  t r a n s i t i o n  p r o b a b i l i t i e s :

Pu = Pr(s l+l = j \ s t = i), f > , y = l V, .e{l , . . . ,M} ( 4 . 3 . 2 . 3 )
j=i
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The  idea  o f  a M S - V A R  p r o c e s s  is b a s e d  on the  e x i s t e n c e  

o f  a f i n i t e - o r d e r  v e c t o r  m o v i n g  a v e r a ge  ( V A R M A )  r e p r e s e n t a t i o n 54. 

Such  a V A R M A  s t ru c t u r e  may  be a p p r o x i m a t e d  by  a f i n i t e - o r d e r  

l i n e a r  V AR m o d e l ,  and e s t i m a t e d  by J o h a n s e n ’s m a x i m u m  l i k e l i h o o d  

p r o c e d u r e  (see  J o h a n s e n ,  1995) .

The  s t a t i o n a r i t y  o f  a t ime  s e r i e s  r e q u i r e s  t ha t  the  me an  

and v a r i a n c e  are  c o n s t a n t  ( u n c o n d i t i o n a l ) .  S t y l i s e d  fac t s  show tha t  

m a ny  e c o n o m i c  t ime s e r i e s  e x h i b i t  n o n - s t a t i o n a r y  b e h a v i o u r  bu t  it  is 

p o s s i b l e  for  e x i s t i n g  l i n e a r  r e l a t i o n s  b e t w e e n  n o n - d i f f e r e n c e d  

v a r i a b l e s  to l ead  to s t a t i o na r i t y .  I f  t h e re  is at l e as t  one  l i nea r  

c o m b i n a t i o n  o f  v a r i a b l e s  ( c y t ) w h i c h  is s t a t i o na r y ,  t hen  the  1(1) 

p r o c e s s  is sa id  to be c o i n t e g r a t e d .  The  c o i n t e g r a t i o n  r e l a t i o n s h i p s  

are  r e f e r r e d  to as the  l o n g - r u n  e q u i l i b r i u m  o f  the  s ys t e m.  Like  the  

s t a n d a r d  v e c t o r  e q u i l i b r i u m  c o r r e c t i o n  mode l  ( V E C M )  p r o p o s e d  by 

D a v i d s o n  et al.  ( 1 9 78 )  and En g l e  and G r a n g e r  ( 1 98 7 ) ,  a Mar k o v -  

s w i t c h i n g  v e c t o r  e q u i l i b r i u m  c o r r e c t i o n  m o d e l  ( M S - V E C M )  can al so 

be i m p l e m e n t e d .  The  b a s i c  idea  is t ha t  the  e r r o r  c o r r e c t i o n  

m e c h a n i s m  c o n t a i n e d  w i t h i n  a M S - V E C M  al so  a l l ows  for  the  e r ror s  

a r i s i n g  f rom r e g i m e  sh i f t s  to be c o r r e c t e d  t o w a r d s  the  s t a t i o n a r y  

d i s t r i b u t i o n  o f  the r e g i m e s  ( see  P s a r a d a k i s  et a l . ,  2004) .  A 

g e n e r a l i s a t i o n  o f  th i s  m o de l  is as fo l l ows :

Ax, = V( ^ )  + Z r , ( s , )  AXl-i + Yl{sl ) x i p + Ut ( 4 . 3 . 2 . 4 )
1=1

Essays on Exchange Rate Determination:
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54 The intercept term is composed of an unconditional mean v plus a moving average MA(oo) 
representation.
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w he r e  r , ( s , )  = -  I * - £ a y
V y=> y

is the  c o e f f i c i e n t  m a t r i x  on the

d i f f e r e n c e d  v a r i a b l e s  s u b j e c t  to the  r e g im e and

n(s,) = «/? = \ k -  ^  A; is the  c o e f f i c i e n t  m a t r i x  s u b j ec t  to the  r e g i me
7=1

st , wh ic h  is c o m p o s e d  o f  the  a d j u s t m e n t  v e l o c i t y  m a t r i x  a  and the 

c o i n t e g r a t i o n  m a t r i x / ? .  The  ma t r i x  n ( s () c o r r e s p o n d s  to the  e r ro r  

c o r r e c t i o n  m e c h a n i s m 55.

The  r ank  r o f  the  ma t r i x  n ( a / ? )  d e f in e s  g e ne r a l

c o n d i t i o n s  for  c o i n t e g r a t i o n .  I f  the  r an k  o f  the  m a t r i x  ]1 is r < k ,  

t hen  t he r e  is a l i n e a r  c o m b i n a t i o n  o f  v a r i a b l e s  t ha t  is s t a t i o n a r y ,  

w he r e  k is the  n u m b e r  o f  v a r i a b l e s  in the  mo d e l .  F u r t h e r m o r e ,  the 

r e g i m e s  are  g e n e r a t e d  by a s t a t i o n a r y  M ar k o v  c ha in  and

c h a r a c t e r i s e d  by a t t r a c t o r  e l em en t s  o f  the  sy s t em d e f i n e d  by 

c o n t e m p o r a n e o u s  sh i f t s  in the  dr i f t  m (s,) and i n the  l o n g - r u n

e q u i l i b r i u m  <?(sr). The  a t t r a c t o r s  i m p l y  an i m m e d i a t e  o n e - t i m e - j u m p

o f  the  p r o c e s s  a f t e r  a c h an g e  in r e g im e .  Such  an i m p o r t a n t  

s t a t i o n a r i t y  p r o p e r t y  a l l o ws  for  g e ne r a l  e f f e c t s  o f  r e g i me  sh i f t s  

a c c o r d i n g  to the  f o l l o w i n g  r e p r e s e n t a t i o n :

r  (L)(&y, ~ t t {si)) = a {s, )ß \y , -p) + M S6 ( 4 . 3 . 2 . 5 )

In fac t ,  th i s  c o n ce p t  o f  c o i n t e g r a t i o n  is c l o s e l y  r e l a t e d  to 

the  c o n c e p t  o f  c o - b r e a k i n g  for  m u l t i p l e  t ime  s er i es  s ub j e c t  to r e g i me

55 Note that this correction mechanism is closely related to the concept of a multiple dynamic equilibrium 
in economics, defined by the equilibrium value of the cointegration vector and the drift.
56 Equation 4.3.2.5 implies the ECM is not subject to regime shift. The underlying intuition is that the 
fundamental solution is unique for the exchange rate, therefore the ECM does not admit more than one 
regime. The ECM is unchangeable.
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s w i t c h i n g  i n t r o d u c e d  by H e n d r y  ( 1996) .  The  idea  b e h i n d  the  c o n ce p t  

o f  c o - b r e a k i n g  c o n s i s t s  o f  r e m o v i n g  the  e f f e c t s  o f  r e g i m e  s wi t c h i n g  

by t a k in g  l i n e a r  c o m b i n a t i o n s  o f  v a r i a b l e s .  I f  at l ea s t  one  l i ne a r  

c o m b i n a t i o n  r e m a i n s  s t a t i o n a r y  the  c o - b r e a k i n g  s t i l l  p r e v a i l s  even  i f  

a r e g i m e  sh i f t  c h a n g e s  the  d r i f t  o f  the  s ys t e m.  The  s t a t i o n a r i t y  o f  

the  s t o c h a s t i c  p r o c e s s  g e n e r a t e d  by l i n e a r  c o m b i n a t i o n s  i m p l i e s  t ha t  

the  e f f e c t s  o f  r e g i m e  s w i t c h i n g  are  d r o p p e d  a s y m p t o t i c a l l y .  The  c o 

b r e a k i n g  c o n d i t i o n  for  a M S - V A R  p r o c e s s  is g i ve n  by:

®[vi~vw ,•••, Vm -\ ~ V m \ -  = 0 ( 4 . 3 . 2 . 6 )

wh e re  M are  d i f f e r e n t  r e g i m e s  and ® = (3 is a (n x k ) m a t r i x  

c o m p o s e d  o f  n c o n t e m p o r a n e o u s  c o - b r e a k i n g  c o m b i n a t i o n s .

S i m i l a r  to the  un i t  roo t  t e s t  a p p r o a c h  for  r e g im e  

s w i t c h i n g ,  the  i n v e s t i g a t i o n  o f  the  p r e s e n c e  o f  a b u b b l e  by a M S ( i , ) -  

VECM(/>) r e q u i r e s  the  a n a l y s i s  o f  the  s ign on the a d j u s t m e n t  

c o e f f i c i e n t  oc(st ) in e q u a t i o n  (4 . 3 . 2 . 5 ) .  Once  a ga i n ,  a s s u m i n g  tha t

the  s t o c h a s t i c  p r o c e s s  is c h a r a c t e r i s e d  by  two r e g i m e s  , one

c o r r e s p o n d s  to the  f u n d a m e n t a l  s o l u t i o n  and the o t h e r  is the  b u b b l e  

s o lu t i on .  The  h y p o t h e s i s  o f  a b u b b l e  d r i v i n g  the  s t o c h a s t i c  p r o c e s s  

is a c c e p t e d  i f  a 0 > 0  or  a, > 0  are  found .

To a na l ys e  the  p r e s e n c e  o f  b u b b l e s  in the  e x c h a n g e  ra t e s ,  

a M S - V E C M  was  a p p l i e d  to each  c o u n t r y  i n d i v i d u a l l y  a c c o r d i n g  to 

e q u a t i o n  ( 4 . 3 . 2 . 5 ) .  The  e c o n o m e t r i c  a p p r o a c h  c on s i s t s ,  f i r s t l y ,  o f  

e s t i m a t i n g  a l i n e a r  V A R  wi th  f i n i t e  o r d e r 57. Ne x t ,  b a s e d  on the 

e s t i m a t e d  c o i n t e g r a t i o n  ma t r i x ,  the  EM ( E x p e c t a t i o n - M a x i m i s a t i o n )

57 This procedure aims at estimating the parameters of a linear VAR which comprises the ECM. Once 
again, a linear VAR is required as there is only one fundamental solution for the exchange rate. The other 
ones are assumed to be bubble solutions.
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a l g o r i t h m  is used  to e s t i m a t e  the  r e m a i n i n g  c o e f f i c i e n t s  o f  a MS-  

V E C M 58. In p r a c t i c e ,  the  a na ly s i s  o f  a b u b b l e  d r i v i n g  the  s t o ch a s t i c  

p r o c e s s  c o n s i s t s  o f  e x a m i n i n g  the  s i g n i f i c a n c e  o f  the  c o e f f i c i e n t  on 

V E C M, . /  in e q u a t i o n  4 . 3 . 2 . 5  wh i ch  is s u b j ec t  to r e g im e  sh i f t s .  I f  it 

is f o u nd  to be n e g a t i v e  and s t a t i s t i c a l l y  s i g n i f i c a n t  t hen  the p r o c e s s  

c o n v e r g e s  t o w a r d s  the  f u n d a m e n t a l  e q u i l i b r i u m ,  bu t  i f  it is found  to 

be p o s i t i v e  and s t a t i s t i c a l l y  s i g n i f i c a n t ,  t hen  it may  be i n t e r p r e t e d  

as an e x p l o s i v e  p r o c e s s  i n d i c a t i n g  the  p r e s e n c e  o f  b u b b l e s 59.

For  the  case  o f  C an a da ,  a M S ( 2 ) - V E C M ( 2 )  is e s t i m a t e d  

and the  lag o r d e r  is b a sed  on the m i n i m u m  A k a i k e  i n f o r m a t i o n  

c r i t e r i o n  (AIC) .  The  l o g - l i k e l i h o o d  s t a t i s t i c  261 .3  8 2 ( 2 4 0 . 2 8 1 ) ,  AIC 

- 4 . 7 9 5 ( - 4 . 6 3 2 ) ,  l i k e l i h o o d  ra t i o  t e s t  4 2 . 1 9 9  al l  r e j e c t  the  l i n e a r i t y  

h y p o t h e s i s  o f  the  s t o c h a s t i c  p r o c e s s .  Ev e n  t h o u g h  the  C a n a d i a n  da ta  

h av e  p r o d u c e d  a p o s i t i v e  c o e f f i c i e n t  on V E C M, . /  in the  r e g i m e  st =1

( see  T ab le  4 .3)  it is no t  s t a t i s t i c a l l y  s i g n i f i c a n t .  Thi s  may  s u g g e s t  

t ha t  t he r e  is a n o n - s t a t i o n a r y  c o m p o n e n t  in the j o i n t  e x c h a n g e  r a t e -  

f u n d a m e n t a l s  p r o c e s s ,  bu t  its s t a t i s t i c a l  i n s i g n i f i c a n c e  does  e nab l e  a 

b u b b l e  c o n c l u s i o n .  R e g i m e  2 is c h a r a c t e r i s e d  as n o n - s t a t i o n a r y  s i nce  

the  n e g a t i v e  c o e f f i c i e n t  on the  ECM is s t a t i s t i c a l l y  no t  s i g n i f i c a n t .  

Al so ,  b a s e d  on the d u r a t i o n  e s t i m a t e s  it is p o s s i b l e  to o b s e r v e  tha t  

the  t i me  pa th  for  the  C a n a d i a n  e xc ha n ge  r a t e  is r e m a r k a b l y  t u r b u l e n t  

as r e g i m e  1 ( d u r a t i o n =  11.7)  p r e v a i l s  o v e r  r e g i me  2 ( d u r a t i o n  = 7 .65) .  

The  t r a n s i t i o n  p r o b a b i l i t y  r e i n f o r c e s  th i s  c o n c l u s i o n  s ince  the  

t r a n s i t i o n  p r o b a b i l i t y  o f  l e a v i n g  the  t u r b u l e n t  r e g i me  1 to non-  

s t a t i o n a r y  r e g i m e  2 is j u s t  8%.  Ta b l e  4.4 and F i gu r e  4 . 5 - C a n a d a  

d i s p l a y  the  ma in  e s t i m a t e d  c o e f f i c i e n t s  and the r e g i m e  p r o b a b i l i t i e s ,  

r e s p e c t i v e l y .
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58 Note that the VAR estimation procedure has only been applied to the ECM. The other coefficients are 
estimated in accordance with the Engle and Granger (1987) procedure.
59 For simplicity, the critical values are taken from the Dickey-Fuller distribution as the distribution for this 
approach requires a complex simulation process not available for this thesis.
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T a b l e  4 . 4  -  M a i n  M L  E s t i m a t i o n  R e s u l t s  ( C a n a d a ) 1

M S I A H ( 2 ) - V E C M ( 2 ) R e g i m e  St =  0 * R e g i m e  =  1 *

I n t e r c e p t - 0 . 0 3 0 6 ( - l . l  192) - 0 . 0 3 5 5 ( 5 . 6 6 2 )

V E C M , _ ; a ( S l ) 0 . 0 1 0 4 ( 0 . 9 5 9 2 ) -0 . 0181  ( - 1 . 6 2 1 5 )

S t a n d a r d  E r r o r 0 . 0 1 5 9 2 0 . 0 1 3 5 8

D u r a t i o n 11.7 (61 obs . ) 7 . 6 5 ( 3 9  obs . )

L o g - l i k e l i h o o d 26 1.976 ( 2 4 3 . 5 3 2 )

L R  l i n e a r i t y  t e s t 3 6.8 87,  x 2 ( 9 )  =  [0.0000]“

T r a n s i t i o n  M a t r i x R e g i m e  st =  0 R e g i m e  s ( =  1

R e g i m e  St =  1 0.92 0.08

R e g i m e  st = 2 0.13 0.87

* F i g u r e s  i n  p a r e n t h e s e s  d e n o t e  f - s t a t i s t i c s .
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F i g u r e  4 . 5 - C a n a d a

1975 1980 1985 1990 1995 2000

For  F r a n c e  a M S ( 2 ) - V E C M ( 4 )  is e s t i m a t e d  in a c c o r d a n c e  

w i t h  the  m i n i m u m  AIC i n f o r m a t i o n  c r i t e r i o n .  Once  aga in ,  the  log-  

l i k e l i h o o d  s t a t i s t i c  1 7 1 . 5 9 0 5 ( 1 5 0 . 2 0 7 5 ) ,  AIC c r i t e r i o n  -2 . 82 ( -  

2 . 7 3 15 ) ,  and the  l i k e l i h o o d  ra t i o  t e s t  4 2 . 7 6 5 9  r e j e c t  the  l i n e a r i t y  

h y p o t h e s i s  o f  the  s t o c h a s t i c  p r o c e s s .  The m o d e l  r e ve a l s  a 

s i g n i f i c a n t l y  n e g a t i v e  e s t i m a t e d  c o e f f i c i e n t  on V E C M, . /  in the 

r e g i m e  s, =1 ( see  Ta b l e  4 .5)  wh i c h  ma y  be i n t e r p r e t e d  as e v i d e n c e  o f  

c o i n t e g r a t i o n  b e t w e e n  the  e x c h a n g e  ra t e  and i ts f u n d a m e n t a l s .  The  

r e g i m e  2 r e v e a l s  n o n - s t a t i o n a r y  b e h a v i o u r  d e n o t e d  by  a s t a t i s t i c a l l y  

i n s i g n i f i c a n t  n e g a t i v e  c o e f f i c i e n t  on the  V E C M , . / .  The  t r a n s i t i o n  

p r o b a b i l i t i e s  o f  the r e g i m e s  are c lose ,  l e a d i n g  to d u r a t i o n s  t ha t  are 

qu i t e  s i m i l a r  b e t w e e n  r e g im e s .  The  l e n g t h s  o f  d e v i a t i o n  p e r i o d s  o f
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the  e x c h a n g e  r a t e  f r o m  i ts f u n d a m e n t a l s  are qu i t e  s i m i l a r  to the  

l e ng t h  o f  l o n g - r u n  e q u i l i b r i u m  p e r io d s .  M o r e o v e r ,  the  p r e s e n c e  o f  

e x p l o s i v e  b e h a v i o u r  o f  the  e x c h a n g e  r a t e  is no t  o b s e r v ed .  He nce ,  the  

d a t a  for  F r an ce  do no t  p r e s e n t  e v i d e nc e  o f  b u b b l e s  d r i v i n g  e x c h a n g e  

r a t e  m o v e m e n t s .  T ab le  4.5 and  F i gu r e  4 . 6 - F r a n c e  d e m o n s t r a t e  the  

ma in  c o m p u t a t i o n s  and r e g i m e  p r o b a b i l i t i e s ,  r e s p e c t i v e l y .
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T ab l e  4.5 -  Mai n  ML E s t i m a t i o n  R e su l t s  ( F r a n c e )

M S I A H ( 2 ) - V E C M ( 4 ) * R e g i m e  St = 0 R e g i m e  S, =  1

I n t e r c e p t 0 . 1 6 7 1 ( 5 . 3 7 3 5 ) 0 . 1 6 7 8 ( 2 . 1 9 8 1 )

V E C M , . , - 0 . 0 4 9 ( - 6 . 2  1 78) - 0 . 0 3 5 ( - l . 8672)

S t a n d a r d  E r r o r 0. 02191 0 . 0 5 2 2 8

D u r a t i o n 6. 44 (50 obs . ) 6 (48  obs . )

L o g - l i k e l i h o o d 1 7 1 . 5 9 0 5  (1 5 0 . 2 0 7 5 )

L R  l i n e a r i t y  t e s t 4 2 . 7 6 5 , / ( 1 5 )  =  [0.0002]**

T r a n s i t i o n  M a t r i x R e g i m e  =  0 R e g i m e  s,  =  1

R e g i m e  =  1 0.84 0.16

R e g i m e  st =2 0.16 0.84

* F i g u r e s  in p a r e n t h e s e s  d e n o t e  / - s t a t i s t i c s .
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F i g u r e  4 . 6 - F r a n c e

1975 1980 1985 1990 1995 2000

A M S ( 2 ) - V E C M ( 4 )  is a l so s e l e c t e d  for  G e r m a n y  b as ed  

on the  AIC i n f o r m a t i o n  c r i t e r i o n .  The  l o g - l i k e l i h o o d  s t a t i s t i c  

161 .041 1 ( 1 4 6 . 2 91 2 ) ,  AIC c r i t e r i o n  - 2 . 6 0 6 9 ( - 2 . 6 5 2 )  and l i k e l i h o o d  

ra t i o  t e s t  2 9 . 4 99  r e j e c t  the l i n e a r i t y  h y p o t h e s i s  o f  the  s ys t e m.  The 

c o m p u t a t i o n s  for  c o e f f i c i e n t s  on V E C M, . /  are f o un d  to be 

s t a t i s t i c a l l y  i n s i g n i f i c a n t  wh i c h  me a n s  t ha t  c o i n t e g r a t i o n  b e t w e e n  

the e x c h a n g e  ra t e  and i ts f u n d a m e n t a l s  is no t  s u p p o r t e d  by  the  data .  

D e v i a t i o n s  f r om the f u n d a m e n t a l s  s o lu t i o n  are not  c o r r e c t e d  in the 

l ong  run.  D e s p i t e  the  c o e f f i c i e n t  on V E C M, . /  b e in g  p o s i t i v e  in 

r e g i m e  1, i n d i c a t i n g  an e x p l o s i v e  c o m p o n e n t  in e x c h a n g e  ra t e  

b e h a v i o u r ,  it is no t  s i g n i f i c a n t .  F u r t h e r m o r e ,  t a k in g  in to  a c c ou n t  

the  d u r a t i o n  for  bo t h  r e g i m e s  s hows  t ha t  the  s t o c h a s t i c  p r o c e s s
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d e f i n e d  by  the  n o n - s t a t i o n a r y  r e g i m e  0 p r e v a i l s  ove r  the  weak  

e x p l o s i v e  p a t h  g e n e r a t e d  by the r e g i m e  1, w h i c h  is r e i n f o r c e d  by  the 

h i gh  t r a n s i t i o n  p r o b a b i l i t y  o f  l e a v i n g  r e g i m e  1 to r e g i m e  0 (see  

T a b l e  4 .6) .  Thus ,  it is p o s s i b l e  to c o n c l u d e  t ha t  b u b b l e s  are not  

d r i v i n g  the  e x c h a n g e  ra t e  m o v e m e n t s  in G e r m a n y  for  the  s amp l e  

p e r i od .  T ab l e  4.6 and F i gu re  4 . 7G d i s p l a y  the  m a i n  e s t i m a t e s  and 

r e g i m e  p r o b a b i l i t i e s ,  r e s p e c t i v e l y .

Ta bl e  4.6 -  Mai n  ML E s t i m a t i o n  Re su l t s  ( G e r m a n y )

M S I A H ( 2 ) - V E C M ( 4 ) * R e g i m e  =  0 R e g i m e  5, =  1

I n t e r c e p t -0.01 8 1 ( - 0 . 5 7 2 2 ) 0 . 0 4 2 2 ( 0 . 4 2 7 )

V E C M , . , - 0 . 0 2 6 9 ( - l . 4633) 0 . 0 0 8 9 ( 0 . 0 8 1 9 )

S t a n d a r d  E r r o r 0 . 0 3 1 9 5 0 . 03 3 7 6

D u r a t i o n 5.18 (62 obs . ) 3 . 0 1 ( 3 7  obs . )

L o g - l i k e l i h o o d 161 .0411 (1 46. 291 )

L R  l i n e a r i t y  t e s t 2 9 . 4 9 9 ,  j 2 ( 1 5 )  =  [ 0 .0 1 3 9 ] *

T r a n s i t i o n  M a t r i x R e g i m e  =  0 R e g i m e  =  1

R e g i m e  =  1 0.81 0.19

R e g i m e  st = 2 0.33 0.67

* F i g u r e s  in p a r e n t h e s e s  d e n o t e  / - s t a t i s t i c s .
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F i g u r e  4 . 7 - G e r m a n y

MSIAH(2)-ARX(4), 1974 (2) - 1998 (4)

1975 1980 1985 1990 1995 2000

F i n a l l y ,  the  r e s u l t s  for  the  U n i t e d  K i n g d o m  are  e s t i m a t e d  

f r om a M S ( 2 ) - V E C M ( 4 )  s u p p o r t e d  by  the  AIC i n f o r m a t i o n  c r i t e r i o n .  

The  l o g - l i k e l i h o o d  s t a t i s t i c  178 .239(1  57.81 1),  AIC c r i t e r i o n  - 

2 . 9 5 4 ( - 2 . 8 8 5 ) ,  l i k e l i h o o d  ra t i o  t e s t  s t a t i s t i c  40 . 85 5  al l  r e j e c t  the 

l i n e a r i t y  o f  the  sys t em.  The  e s t i m a t e s  o f  the  VECM,_/  are  a l so not  

s i g n i f i c a n t ,  b u t  bo t h  are  n e g a t i v e ,  so t ha t  it is p o s s i b l e  to i n f e r  t ha t  

t h e r e  is no c o i n t e g r a t i o n  b e t w e e n  the e x c h a n g e  r a t e  and its 

f u n d a m e n t a l s  ( see  T ab le  4 .7) .  F u r t h e r m o r e ,  b a s e d  on t h e s e s  r e su l t s  

the  h y p o t h e s i s  o f  b u b b l e s  d r i v i n g  the e x c h a n g e  r a t e  in the  UK can 

be r e j e c t e d .  T ab le  4.7 and F i gu r e  4 . 8 U K  d i s p l a y  the  ma in  

c a l c u l a t i o n s .
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T ab l e  4.7 -  Ma in  ML E s t i m a t i o n  R esu l t s  (UK)

M S I A H ( 2 ) - V E C M ( 4 ) * R e g i m e  St = 0 R e g i m e  =  1

I n t e r c e p t - 0 . 2 8 0 5 ( - 2 . 4 3 3 ) -0 . 0021 ( - 0 . 0 1 4 3 )

V E C M , _ ; -0 .051 7 ( - l . 8213) - 0 . 0 0 6 ( - 0 . 1 643)

S t a n d a r d  E r r o r 0 . 0 1 4 7 4 0 . 0 3 3 3 4

D u r a t i o n 2. 69 (26 . 9  obs . ) 7 . 3 9 ( 7 2  obs . )

L o g - l i k e l i h o o d 1 7 8 . 2 3 9 4  (1 57.8 1 1 4)

L R  l i n e a r i t y  t e s t 40 . 85  59,  %2(l5) = [0.0003]“

T r a n s i t i o n  M a t r i x R e g i m e  = 0 R e g i m e  =  1

R e g i m e  st = 1 0.63 0.37

R e g i m e  St = 2 0.13 0.87

* F i g u r e s  in p a r e n t h e s e s  d e n o t e  t -s  t a t  i s t i cs  .
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F i g u r e  4 . 8 - U K

A c c o r d i n g  to P s a r a d a k i s  et al.  ( 2 0 0 4)  the  c o n v e n t i o n a l  

t e s t s  o f  l i n e a r  c o i n t e g r a t i o n  are r e a s o n a b l e  in d e t e c t i n g  l o n g - r u n  

r e l a t i o n s h i p s .  Ev e n  i f  o c c a s i o n a l l y  the  e r r o r  p r o c e s s  f o l l o ws  a non-  

s t a t i o n a r y  p a th  due to d i f f e r e n t  p r e v a i l i n g  r e g i m e s ,  the  t e s t s  are 

p o w e r f u l  e n o u g h  to d e t e c t  e v i d e n c e  o f  c o i n t e g r a t i o n  whe n  the  s t a t e  

i n d i c a t o r s  {5,} are u n c o r r e l a t e d .  The  c o n c l u s i o n s  f o u nd  for

c o i n t e g r a t i o n  in thi s  s e c t i o n  r e in f o r c e  the  r e s u l t s  r e a c h e d  in the 

p r e v i o u s  s e c t i o n  u s i ng  M S - u n i t  roo t  t e s t s  in r e j e c t i n g  t he  p r e s e n c e  

o f  b u b b l e s  in the  e x c h a n g e  r a t e s  for  t h e s e  f ou r  i n d u s t r i a l i s e d  m a r k e t  

e c o n o m i e s .

- 1 6 7 -



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

4.4 - C o n c l u s i o n

The  c e n t r a l  idea  o f  th i s  c h a p t e r  was  to i n v e s t i g a t e  the  

p o s s i b i l i t y  o f  a b u b b l e  p r o c e s s  d r i v i n g  the  e x c h a n g e  r a t e  for  four  

i n d u s t r i a l i s e d  e c o n o m i e s  The  s t a n d a r d  t e s t s  for  un i t  roo t s  and 

c o i n t e g r a t i o n  are u n a b l e  to d e t ec t  p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s .  

Th i s  type  o f  s t o c h a s t i c  p r o c e s s  does  not  m o d e l  r e g i m e  sh i f t s  

s u i t a b l y  and  th i s  a f f e c t s  t e s t  p e r f o r m a n c e s .  The  b e t t e r  o p t i o n  was  to 

make  use  o f  an e c o n o m e t r i c  a p p r o ac h  w h i c h  t akes  into a c c o u n t  

c o n t i n u o u s  r e g im e  sh i f t s  g e n e r a t e d  by b u b b l e s  c o l l a p s i n g  

p e r i o d i c a l l y .  To do so,  a mo r e  f l e x i b l e  e c o n o m e t r i c  t e c h n i q u e  is 

used ,  b a s e d  on M a r k o v  s w i t c h i n g  (MS)  r e g i m e s ,  wh e re  the 

p a r a m e t e r s  are d e f i n e d  c o n d i t i o n a l  on an u n o b s e r v a b l e  r e g i me  

v a r i a b l e ,  and the  t r a n s i t i o n  b e t w e e n  d i f f e r e n t  r e g i m e s  is d e t e r m i n e d  

by  a h o m o g e n e o u s  M a r k o v  cha in .

The  f i r s t  e c o n o m e t r i c  s t r a t e g y  c o n s i s t e d  o f  a p p l y i n g  the 

MS r e g i m e  un i t  r o o t  t e s t  to two s u p p o s e d l y  d i s t i n c t  r e g im e s :  one 

c o n s t i t u t e s  a f u n d a m e n t a l  s o lu t i o n  and  the o t he r  one  c o n s t i t u t e s  a 

p o t e n t i a l  b u b b l e  s o lu t i on .  The  t e s t s  we r e  a p p l i e d  to C an a da ,  

F r a nc e ,  G e r m a n y  and  the  U n i t e d  K i n g d o m .  The M S - r e g i m e  un i t  roo t  

t e s t s  a p p l i e d  to each  c o u n t r y  d id  not  r e v e a l  r o b u s t l y  the  p r e s e n c e  of  

b u b b l e s  g o v e r n i n g  the  e x c h a n ge  r a t e ,  as the  e x p l o s i v e  roo t s  d e t e c t e d  

in th i s  v a r i a b l e  we r e  a l so d e t e c t e d  in at l ea s t  one  o f  i ts  

f u n d a m e n t a l s .  The  h y p o t h e s i s  o f  b u b b l e s  can  o n l y  be  s u p p o r t e d  fu l l y  

i f  s i g n i f i c a n t  e x p l o s i v e  roo t s  are f o un d  in the  e x c h a n g e  r a t e  p r o c e s s ,  

bu t  not  in its f u n d a m e n t a l s .  The  b u b b l e  p r o c e s s  is an i n d e p e n d e n t  

s t o c h a s t i c  p r o c es s .  Tes t s ,  n o n e t h e l e s s ,  d e t e c t e d  n o n - l i n e a r  

b e h a v i o u r s  for  e x c h a n g e  ra t es .

Due  to the  p o t e n t i a l  w e a k n e s s  o f  M S - u n i t  roo t  t e s t s  a 

M S - E C M  t es t  was  i n v e s t i g a t e d  b a s e d  on a MS(M)-VECM(/>)  m o d e l
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w i t h  two d i s t i n c t  r e g i m e s  ( M=2) ,  and d i f f e r e n t  l ag  o r de r s  (p ) for  the  

V A R  r e p r e s e n t a t i o n .  The  e m p i r i c a l  e v i d e n c e  f o u n d  in th i s  a na l ys i s  

o f  the  e x c h a n g e  r a t e  in all  f our  c o u n t r i e s  d id  c o n f i r m  the  r e su l t s  

r e a c h e d  by the  M S - r e g i m e  un i t  r o o t  t e s t s ;  n a m e l y  t ha t  the  

i n t e r p r e t a t i o n  o f  the  e s t i m a t e s  did no t  s u p po r t  the  p r e s e n c e  of  

b u b b l e s .  A l t h o u g h  some  c o u n t r i e s  h a ve  s i g n i f i c a n t  i n t e r c e p t s  in 

d i f f e r e n t  r e g i m e s ,  the  e s t i m a t e d  c o e f f i c i e n t s  on the  VECM,_/  when  

p o s i t i v e ,  we r e  no t  f o u n d  to be s i g n i f i c a n t .  Tes t s  a l so r e v e a l e d  n o n 

l i n ea r  b e h a v i o u r s  for  e x c h a n g e  ra t es .

S u m m a r i s i n g ,  the  h y p o t h e s i s  o f  p e r i o d i c a l l y  c o l l a p s i n g  

b u b b l e s  d r i v i n g  the e x c h a n g e  ra t e  a way  f r om the f u n d a m e n t a l s  

s o lu t i o n  c a n n o t  be a c c e p t e d  for  t he se  four  c o un t r i e s .  M o r e o v e r ,  the 

M a r k o v  s w i t c h i n g  r e g i me  a p p r o a c h  r e v e a l e d  s i g n i f i c a n t  non-  

l i n e a r i t i e s  and d i f f e r e n t  r e g im e s .  The  e x i s t e n c e  o f  d i f f e r e n t  r e g im e s  

in t he  e x c h a n g e  ra t e  is a f i n d i n g  t ha t  c o n f i r m s  p r e v i o u s  r e s u l t s  on 

n o n - l i n e a r  e x c h a n g e  ra t e  m o de l s  [see M e e s e  and R ose  ( 1991) ,  Ta y lo r  

and  Pee l  ( 2 0 00 ) ,  Yue  and Ka na  ( 2000) ,  T a y l o r  and Pee l  and  Sarno  

( 2 00 1) ,  K i l i a n  and T a y l o r  ( 2003) ] .  H o w e v e r ,  t h e s e  n o n - l i n e a r i t i e s  do 

no t  a pp ea r  to be l i n k ed  to the  e x p l o s i v e  b e h a v i o u r  c h a r a c t e r i s t i c  o f  

p r o c e s s e s  d r i ve n  by b u b b l e s .
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CHAPTE R V

EFFECTS OF FOR EIG N DEBTS
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I n t r o d u c t i o n

In the  p r e v i o u s  two c h ap t e r s  e x c h a n g e  r a t e  d e t e r m i n a t i o n  

was  a n a l y s e d  u s i ng  the  t r a d i t i o n a l  m o n e t a r y  m o d e l  o f  e x c h a n g e  

r a t e s .  In c h a p t e r  two,  the  m o n e t a r y  m o d e l  was  t e s t e d  and the r e su l t s  

p o i n t e d  t o w a r d s  pa r t i a l  s u p po r t  for  the  m o n e t a r y  a p p r o a c h .  In 

c h a p t e r  t h r e e ,  the  m o n e t a r y  m o d e l  was  u s e d  to i n v e s t i g a t e  the 

p r e s e n c e  o f  b u b b l e s  g o v e r n i n g  the e x c h a n g e  r a t e  s t o c h a s t i c  p r o c e s s .  

A M S E C M 60 wi t h  two s t a t es  was  used:  the  f u n d a m e n t a l  s o lu t i o n  s t a t e  

and the b u b b l e  s o lu t i o n  s t a t e .  The  t e s t s  did no t  p r o v i d e  s i g n i f i c a n t  

s u p p o r t  for  the  h y p o t h e s i s  o f  b u b b l e s  d r i v i n g  the  e x c h a n g e  ra t e  

a way  f r om i ts  f u n d a m e n t a l s .  H o w ev e r ,  t e s t s  r e v e a l e d  some  e v i d e n c e  

o f  e x c h a n g e  r a t e  n o n l i n e a r i t i e s .

For  th i s  c h a p t e r  an a l t e r n a t i v e  h y p o t h e s i s  b a s ed  on 

f i n a n c i a l  f r a g i l i t i e s  is the  focus  o f  a t t e n t i o n .  The  t h e o r e t i c a l  and 

e m p i r i c a l  l i t e r a t u r e  has  d e m o n s t r a t e d  the  i m p o r t a n c e  o f  f i n a n c i a l  

f a c t o r s  in e x p l a i n i n g  e x c h a n g e  ra t e  m o v e m e n t s ;  e s p e c i a l l y ,  f i n a n c i a l  

v a r i a b l e s  t ha t  c ap t u r e  the  f o r e i gn  i n d e b t e d n e s s  o f  a c o u n t r y  (see  

D e v e r e u x  and Lane ,  2003) .  E s s e n t i a l l y ,  the  l i t e r a t u r e  h i g h l i g h t s  the  

e f f ec t  o f  f o r e i g n  d e b t s ,  d e n o m i n a t e d  in f o r e i g n  c u r r e nc y ,  on 

e x c h a n g e  r a t e  v a r i a b i l i t y .  The  e x i s t e n c e  o f  u n - h e d g e d  f o r e i gn  

c u r r e n c y  d e n o m i n a t e d  deb t s  ma y  b r i n g  a bo u t  s i g n i f i c a n t  i m p a c t s  on 

the  e x c h a n g e  r a t e  w i t h  p o t e n t i a l l y  s ev e re  s ide  e f f ec t s  on f i n a n c i a l  

s ec to r s  and c o r p o r a t e  b a l a n c e  shee t s .  A h i gh  l eve l  o f  u n - h e d g e d  

f o r e i g n  c u r r e n c y  d e n o m i n a t e d  deb t s  i n t r o d u c e s  a d d i t i o n a l  e c o n o m i c  

cos t s  to e x c h a n g e  r a t e  v a r i a b i l i t y .  The se  a d v e r s e  e f f ec t s  are 

e x p e c t e d  to be  mor e  s i g n i f i c a n t  in e m e r g i n g  m a r k e t  e c o n o m y

60 Markov-switching error correction mechanism — MSECM.
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c o u n t r i e s  t h a n  in d e v e l o p e d  m a r k e t  e c o n o m y  c o u n t r i e s  by  v i r t u e  o f  

c r e d i t  c o n s t r a i n t s  i m p o s e d  by  the i n t e r n a t i o n a l  c r e d i t  ma rke t .

In r e l a t i o n  to i n t e r n a t i o n a l  c r e d i t  c o n s t r a i n t s ,  

E i c h e n g r e e n  and H a u s m a n n  (1 9 99 )  p o s i t  t h r e e  d i f f e r e n t  h y p o t h e s e s  

on w h y  some  c o u n t r i e s ,  e s p e c i a l l y  d e v e l o p i n g  c o u n t r i e s ,  are c r ed i t -  

c o n s t r a i n e d  and f i n a n c i a l l y  r i sky .  The  f i r s t  one ,  c a l l ed  the  moral  

h a z ar d  h y p o t h e s i s ,  e m p h a s i s e s  the  d i s t o r t i n g  c o n s e q u e n c e s  o f  

g u a r a n t e e s  p r o v i d e d  by g o v e r n m e n t s  to d o m e s t i c  f i n a n c i a l  m a r k e t  

p a r t i c i p a n t s ,  and the  p o s s i b i l i t y  o f  i n t e r n a t i o n a l  m u l t i l a t e r a l  e n t i t i e s  

( I MF,  for  i n s t a n c e )  r e s c u i n g  c o u n t r i e s  in f i n a n c i a l  d i f f i c u l t i e s  

t h r o u g h  e m e r g e n c y  funds .  It i mp l i e s ,  i n i t i a l l y ,  t ha t  f o r e ig n  i n v e s t o r s  

do not  a s s u me  the  ful l  r i s k  o f  t he i r  i n v e s t m e n t ,  c r e a t i n g  an i n c e n t i v e  

to t ake  e x c e s s i v e l y  r i s k y  p o s i t i o n s .  H o w e v e r ,  e x t e n s i v e  c r ed i t  

a v a i l a b i l i t y  a l l o ws  b o r r o w e r  c o u n t r i e s  to a cq u i r e  e x c e s s i v e  deb t s  

w h i c h  g e n e r a t e  f u t u r e  f i n a n c i a l  f r a g i l i t i e s  when  c r e d i t  c o n s t r a i n t s  

are i m p o s e d  by  the  i n t e r n a t i o n a l  f i n a n c i a l  c o m m u n i t y  as a r e s u l t  o f  

i n c r e a s i n g  d e f a u l t  r i sks .  F u r t h e r m o r e ,  some  e m e r g i n g  e c o n o m y  

c o u n t r i e s  w h i c h  run a m a n a g e d  e x c h a n g e  r a t e  r e g i m e  ma ke  e x c e s s i v e  

u n - h e d g e d  f o r e i g n  c u r r e n c y  b o r r o w i n g s .  Th i s  d i s t o r t s  the  f i n a n c i a l  

f l ows  t o w a r d s  the  sho r t  t e rm s ince  f o r e i g n  i n v e s t o r s  w o u l d  be 

u n w i l l i n g  to a s s u me  l o n g - t e r m  r i s k y  p o s i t i o n s .  T he se  i n c r e a s i n g  u n 

h e dg e d ,  s h o r t - t e r m ,  f o r e i g n  c u r r e n c y - d e n o m i n a t e d  l i a b i l i t i e s  ma y  be 

an a d d i t i o n a l  s ou r ce  o f  e x c h a n g e  ra t e  i n s t a b i l i t y .  C o u n t r i e s  w h i c h  

ad o p t  a mor e  f l e x i b l e  e x c h a n ge  r a t e  r e g im e ,  on the  o t he r  hand ,  are 

s u p p o s e d  to h a ve  l ow er  l eve l s  o f  s h o r t - t e r m  c ap i t a l  f l ows  l e a d i n g  to 

l ess  v o l a t i l e  e x c h a n g e  r a t e s .  F l e x i b l e  e x c h a n g e  ra t e  r e g i m e s  r e f l e c t  

b e t t e r  the  e c o n o m i c  f u n d a m e n t a l s  and  i n c r e a s e  the  l o n g - t e r m  

c r e d i b i l i t y  o f  t he i r  f i n a n c i a l  r eg i me .

The  s ec o nd  h y p o t h e s i s ,  the o r i g i n a l  s in h y p o t h e s i s ,  is 

r e l a t e d  once  ag a i n  to the  d i f f i c u l t i e s  for  some  c o u n t r i e s  to b o r r o w  

a b r o a d  or to b o r r o w  long  t e rm  in d o m e s t i c  c u r r e nc y .  Thi s  r a i s es  the
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p r o b l e m  o f  c u r r e n c y  m i s m a t c h e s  or m a t u r i t y  m i s m a t c h e s  as l ong  

t e r m  d o m e s t i c  i n v e s t m e n t  p r o j e c t s  are o f t en  f o r e i g n  c u r r e n cy -  

f i n a n c ed .  I f  the  e x c h a n g e  ra t e  r e g i me  is f l e x i b l e  and g o v e r n m e n t s  

a l l o w  for  d e p r e c i a t i o n  t hen  c u r r e n c y  m i s m a t c h e s  t ake  p l a c e 61. On the 

o th e r  hand ,  i f  the  e x c h a n g e  r a t e  r e g i me  is m a n a g e d  and  d e f e n d e d  by 

m o n e t a r y  a u t h o r i t y  i n t e r v e n t i o n s ,  via  r i s i n g  i n t e r e s t  r a t e s ,  m a t u r i t y  

m i s m a t c h e s  t ake  p l a ce  ( l o n g - t e r m  i n v e s t m e n t  p r o j e c t s  wi l l  be 

f i n a n c e d  by t e m p o r a l l y  h igh  s h o r t - r u n  i n t e r e s t  r a t e s ) .  Th i s  l e ads  the  

i n t e r n a t i o n a l  f i n a n c i a l  m a r k e t  to c o n s t r a i n  c r e d i t  a f f e c t i n g  e x c h a n g e  

r a t e  s t ab i l i t y .  F i n a l l y ,  the  t h i r d  h y p o t h e s i s  e m p h a s i s e s  t ha t  f i na nc i a l  

c o n s t r a i n t s  are a l so c a u s e d  by  w e a k n e s s  of  i n s t i t u t i o n a l  and  

j u d i c i a l  i n f r a s t r u c t u r e s  t ha t  c re a t e s  c o m m i t m e n t  and e n f o r c e m e n t  

p r o b l e m s .  Thus ,  E i c h e n g r e e n  and H a u s m a n n  ( 1 99 9 )  c o n c l u d e  t ha t  

m a ny  e m e r g i n g  m a r k e t  e c o n o m i e s  t ha t  own  h i gh  l e ve l s  o f  d eb t  may  

h a ve  h uge  d i f f i c u l t i e s  to m a n a g e  t he i r  e x c h a n g e  ra t e  v o l a t i l i t y .  

T he se  d i f f i c u l t i e s  a f f e c t  the  f i n a n c i a l  c r e d i b i l i t y  o f  a c o u n t r y  

l e a d i n g  to a mo r e  v o l a t i l e  e x c h a n g e  ra te .

D e v e r e u x  and Lane  (2 0 0 3)  r e i n f o r c e  t h i s  a r g u m e n t  and 

p r o p o s e  t ha t  h i gh  f o r e i g n  deb t  s t ocks  h a ve  d i f f e r e n t i a l  i mp a c t s  on 

e x c h a n g e  ra t e  m o v e m e n t s  for  d e v e l o p e d  m a r k e t  and e m e r g i n g  m a r k e t  

c o u n t r i e s .  A c c o r d i n g  to t hem,  d e v e l o p e d  m a r k e t  c o u n t r i e s  have  f ree  

a cc e s s  to the  i n t e r n a t i o n a l  f i n a n c i a l  m a r k e t  so t ha t  t hey  can  b o r r o w  

by  i s s u i n g  a s s e t s  d e n o m i n a t e d  in t he i r  own  c u r r e n c i e s .  E m e r g i n g  

m a r k e t  c o un t r i e s ,  in t urn ,  are a f f e c t e d  by  s ev e re  b o r r o w i n g  

c o n s t r a i n t s  in i n t e r n a t i o n a l  f i n a n c i a l  m a r k e t s  and  o n l y  i s su e  deb t s  in 

f o r e i g n  c u r r e n c i e s .  He n ce  an a dv e r se  e x t e r n a l  s ho ck  mi gh t  p r o d u c e  

p e r v e r s e  e f f e c t s  on the  e x c h a n g e  ra t e  in e m e r g i n g  e c o n o m i e s .  In 

p a r t i c u l a r ,  the  i m p o s i t i o n  o f  c r e d i t  c o n s t r a i n t s  is a r e s u l t  o f  the  

i n c r e a s i n g  l eve l  o f  f o r e i g n  i n d e b t e d n e s s  o f  d e v e l o p i n g  e c o n o m i e s

61 Currency mismatches means, essentially, assets in domestic currency against liabilities in foreign 
currency.
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l e a d i n g  to i n c r e a s i n g  d e f a u l t  r i sks .  A v o l a t i l e  and  h i gh  r i s k  p r e m i u m  

u s u a l l y  a r i s es  in e m e r g i n g  m a r k e t  c o u n t r i e s  due  to d e f a u l t  r i s k  in 

i n t e r n a t i o n a l  c r e d i t  o p e r a t i o n s ,  w h i c h  can  c o n s t r a i n  f o r e i g n  cap i t a l  

i n f l o w s 62. T he s e  c r e d i t  c o n s t r a i n t s  a s s o c i a t e d  wi t h  i n c r e a s e d  d e f au l t  

r i sk s  can g e n e r a t e  an a d d i t i o n a l  c ap i t a l  o u t f l o w  wi t h  d e s t a b i l i s i n g  

i m p a c t s  on e x c h a n g e  ra t e  v o l a t i l i t y  in e m e r g i n g  e c o n o m i e s .  Hence ,  

one  can  i n fe r  t ha t  the  h igh  s t ock  o f  f o r e i gn  deb t s  has  i n d i r ec t  

e f f ec t s  on e x c h a n g e  r a t e  v o l a t i l i t y  t h r o u g h  i ts i m p a c t  on the  r i sk  

p r e m i u m .

Some  s t ud i e s  have  al so h i g h l i g h t e d  the  i m p o r t a n c e  o f  

b a l a n c e  s he e t  e f f e c t s 63 on m a c r o e c o n o m i c  o u t c o m e s .  T he s e  e f f ec t s  

ma y  p r o d u c e  f e e d b a c k  i mp ac t s  on e x c h a n g e  r a t e  v o l a t i l i t y  and 

e v e n t u a l l y  on fo r e i g n  i n d e b t e d n e s s  l eve l s .  B e r n a n k e ,  G e r t l e r  and 

G i l c h r i s t  ( 1 9 99 )  i n v e s t i g a t e d  the  i mp a c t  o f  b a l a n c e  shee t  e f f e c t s  on 

b u s i n e s s  c yc l e s .  E x t e n d i n g  th i s  i s sue  to the  o pe n  e c o n o m y  is a 

r e c e n t  i m p o r t a n t  c o n t r i b u t i o n  to i n t e r n a t i o n a l  f i n a nc e  and  is 

r e f l e c t e d  in the  wo r k  o f  a n u m b e r  o f  a u t ho r s ;  for  e x a m p l e ,  K r u g m a n  

( 1 99 9) ,  C ook  ( 2 0 00 ) ,  A g h i o n  et al. ( 2 00 1 ) ,  C e s p e d e s ,  C han g  and 

V e l a s c o  (20 01 ,  2 0 04) ,  D e v e r e u x  and Lane  ( 2001) ,  and E i c h e n g r e e n  

( 2002) .  C e s p e d e s  e t .a l .  ( 2004)  i n v e s t i g a t e  the  d y n a m i c  i mp a c t  o f  

b a l a n c e  s hee t  e f f ec t s  on a f i n a n c i a l l y  v u l n e r a b l e  e c o n o m y  c a u s e d  by 

h i gh  e x t e r n a l  i n d e b t e d n e s s .  A c c o r d i n g  to t he m,  in e c o n o m i e s  in 

f i n a n c i a l  d i s t r e s s  the  b a l a n c e  shee t  e f f e c t s  are  p a r t i c u l a r l y  

m a g n i f i e d  due  to the  i n c r e a s e  in c o u n t r y  r i s k  w i t h  l a s t i n g  and  l a rge  

a d v e r s e  i m p a c t s  on d o m e s t i c  e c o n o m i c  v a r i a b l e s .  A c t u a l l y ,  b a l a n c e  

s hee t  e f f e c t s  ma y  be a d i r e c t  c o n s e q u e n c e  o f  h i gh  l e ve l s  o f  fo r e i gn  

c u r r e n c y - d e n o m i n a t e d  deb t s  and ma y  g e n e r a t e  a s i g n i f i c a n t  i m p a c t

62 Note that although a risk premium may be derived from different factors such as economic, social, 
political etc., in highly indebted economies economic factors leading to default risks may eventually prevail 
and reflect a significant percentage of the risk premium.
63 Balance sheet effects are adverse consequences generated by financial variables shocks over firms’ 
finances that have a high un-hedged level of debts. This causes an increase in default risks.
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on e x c h a n g e  ra t e  v o l a t i l i t y .  M c K i n n o n  and Pi l l  ( 1 9 98 )  a na l ys e  

b a n k i n g  s y s t e m  e f f i c i e n c y  and e m p h a s i s e  t ha t  in c o u n t r i e s  w h e r e  the 

b a n k i n g  s e c t o r  o p e r a t e s  e f f i c i e n t l y  and is we l l  r e g u l a t e d ,  the  r a p i d  

c r e d i t  e x p a n s i o n  d e r i v e d  f r om a l a r ge  f o r e i g n  c a p i t a l  i n f l o w  is l ess  

l i k e l y  to c r e a t e  r i s k  c o n d i t i o n s  and to l ead  to f i n a n c i a l  and

m a c r o e c o n o m i c  i n s t a b i l i t y  w i t h  a dv e r s e  c o n s e q u e n c e s  for  e x c h a n g e  

r a t e  v o l a t i l i t y .  By w ay  o f  c o n t r a s t ,  t he y  s ta t e  t ha t  in c o u n t r i e s  wh e re  

c r e d i t  i n s t i t u t i o n s  are not  a p p r o p r i a t e l y  r e g u l a t e d  and m a r k e t  

f a i l u r e s  ex i s t  in the  f i n a n c i a l  s ys t e m,  b a nk  c r e d i t s  are s o m e t i m e s  

u s ed  for  s p e c u l a t i v e  p u r p o s e s  l e a d i n g  to an i n c r e a s e  in s ys t e mi c  

f i n a n c i a l  r i sks .  A g h i o n  et al. ( 2 00 1 )  a r gue  tha t ,  in c red i t -

c o n s t r a i n e d  e c o n o m i e s  wi t h  h i gh  l e ve l s  o f  f o r e i g n  c u r r e n c y -  

d e n o m i n a t e d  deb t s ,  e x c h a n g e  r a t e  v o l a t i l i t y  m a y  g e n e r a t e  a dv e r s e  

e c o n o m i c  e f f ec t s  by  d e t e r i o r a t i n g  the  b a l a n c e  s hee t s  o f  p r i v a t e

f i r m s 64. P r a t a p  et al. ( 2 0 03 )  i n v e s t i g a t e d  the  ro l e  o f  c u r r e n c y  

m i s m a t c h  in the  M e x i c a n  c o r p o r a t e  s ec to r  and f o un d  t ha t  e x c h a n g e  

ra t e  i n s t a b i l i t i e s  have  a dv e r s e  i m p a c t s  on f i r ms  w h i c h  h o l d  do l l a r -  

d e n o m i n a t e d  deb t s .  H a u s m a n n  et al. ( 2001)  s t a t e  t ha t  m o n e t a r y  

a u t h o r i t i e s ,  in tu rn ,  pay  s p ec i a l  a t t e n t i o n  to the  e x c h a n g e  r a t e  in 

c o u n t r i e s  in w h i c h  t he re  are l a rge  c u r r e n c y  m i s m a t c h e s  in the

b a l a n c e  shee t  o f  f i r ms ,  b an k s ,  h o u s e h o l d s  or  the  g o v e r n m e n t .  

A c c o r d i n g  to t hem,  i f  c u r r e n c y  m i s m a t c h e s  are l a rge ,  e x c h a n g e  ra t e  

i n s t a b i l i t i e s  ma y  b r i n g  abou t  s e r i o us  c o n s e q u e n c e s  to the  p r i va t e  

and  p ub l i c  s ec to r s ,  and even  w i d e s p r e a d  b a n k r u p t c i e s  in case  o f  a 

l a rge  d e p r e c i a t i o n .  Thus ,  d i f f i c u l t i e s  a r i s i n g  f r om b a l a n c e  shee t  

p r o b l e m s  ma y  have  i mp ac t s  a t t e n u a t e d  t h r o u g h  the  c h o i c e  o f  

e x c h a n g e  r a t e  r eg im e s .

B a s e d  on t h e s e  a r g u m e n t s  it is p o s s i b l e  to c o n c l u d e  t ha t  

t he r e  is a s i g n i f i c a n t  l i n ka ge  b e t w e e n  f i n a n c i a l  f a c t o r s  and e xc ha n ge  

r a t e  v o l a t i l i t y .  The  i n t r o d u c t i o n  o f  b a l a n c e  s hee t  e f f e c t s  l e ads  to an

64 These effects are also strongly observed on government finances mainly in emerging market economies.

- 1 7 5 -



a d d i t i o n a l  c o m p l i c a t i n g  i n g r e d i e n t  to thi s  an a l ys i s .  The  r e a s o n i n g  is 

t ha t  l a rge  s t ock s  o f  u n - h e d g e d  f o r e i g n  c u r r e n c y - d e n o m i n a t e d  debt s  

g e n e r a t e  e x c h a n ge  ra t e  v o l a t i l i t y  w i t h  s i g n i f i c a n t  i m p a c t s  on 

c o r p o r a t e  b a l a n c e  shee t s  and a d d i t i o n a l  i n c r e a s e s  in d e f a u l t  r i sks .  In 

fac t ,  i n c r e a s e s  in cos t s  o f  f o r e i gn  c u r r e n c y - d e n o m i n a t e d  debt  

r e p a y m e n t s  r e d u ce  c o r p o r a t e  p r o f i t s ,  the  i n v e s t m e n t  c a p a c i ty ,  and 

thus  the  c ap i t a l  s t ock  and o u t p u t  in the  f u tu r e .  U l t i m a t e l y ,  the  

c o n j u n c t i o n s  o f  t he se  f ac t o r s  ma y  l ead  to c h a n g e s  in m a r k e t  a g e n t s ’ 

e x p e c t a t i o n s  w i t h  p o t e n t i a l l y  s ev e re  c o n s e q u e n c e s  for  e x c h a n g e  ra t e  

v o l a t i l i t y  i t s e l f .  In p a r t i c u l a r ,  t he se  a d ve r s e  c o n s e q u e n c e s  c o ns t i t u t e  

a p o w e r f u l  fue l  to the  d e f a u l t  r i s k  v ia  r i s e s  in e co n om i c  

u n c e r t a i n t i e s  wi t h  f e e d b a c k  e f f ec t s  on the  e x c h a n g e  ra t e  v a r i a b i l i t y .  

A d d i t i o n a l l y ,  and g i v e n  the l a rge  i mp a c t  t ha t  e x c h a n g e  ra t e  

v o l a t i l i t y  m a y  h a ve  on h i g h l y  i n d e b t e d  e c o n o m i e s ,  m o n e t a r y  

a u t h o r i t i e s  wi l l  need  to i n t e r v e n e  in the  f o r e i g n  e x c h a n g e  ma rke t .

D e v e r e u x  and Lane  ( 2 00 3 )  t e s t  the  e x c h a n g e  ra t e  

v u l n e r a b i l i t y  to e x t e r n a l  s hocks  in the  p r e s e n c e  o f  l a rge  s tocks  o f  

u n - h e d g e d  f o r e i g n  c u r r e n c y  d e n o m i n a t e d  deb t s  for  a set  o f  

d e v e l o p e d  and d e v e l o p i n g  c o un t r i e s .  The  h y p o t h e s i s  is t ha t  the  

e x i s t e n c e  o f  c r e d i t  c o n s t r a i n t s ,  in c o m b i n a t i o n  w i t h  e x t e r n a l  deb t s ,  

l e ads  to a s i g n i f i c a n t  d i f f e r e n c e  o f  o p t i m a l  r e s p o n s e s  o f  e x c h a n ge  

r a t e s  to s hocks .  Th e y  m ad e  use  o f  a l a r ge  c r o s s - s e c t i o n  o f  d e v e l o p e d  

and  d e v e l o p i n g  c o u n t r i e s  to i d e n t i f y  the  ma in  d e t e r m i n a n t s  o f  

e x c h a n g e  r a t e  v o l a t i l i t y .  T h e i r  r e s u l t s  show t ha t  for  d e v e l o p e d  

c o u n t r i e s  b i l a t e r a l  e x c h a n g e  ra t e  v o l a t i l i t y  is e i t he r  p o s i t i v e l y  

a f f e c t e d  by  e x t e r n a l  f i n a n c i a l  l i n k a ge s  or  a f f e c t e d  i n s i g n i f i c a n t l y .  

In c o n t r a s t ,  for  d e v e l o p i n g  c o u n t r i e s  f i n a n c i a l  l i n k a g e s  d e c r e a s e  

s h a r p l y  b i l a t e r a l  e x c h a n g e  r a t e  v o l a t i l i t y .  D e v e r e u x  and Lane  a l so 

e x a m i n e  the i m p o r t a n c e  o f  i n t e r n a l  f i na nc e ,  c a p t u r i n g  the  d e gr ee  o f  

f i n a n c i a l  d e p t h  w i t h i n  c o un t r i e s ,  on e x c h a n g e  r a t e  v o l a t i l i t y  and 

f i nd  t ha t  thi s  v a r i a b l e  i n c r e a s e s  e x c h a n g e  r a t e  v o l a t i l i t y  for
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d e v e l o p e d  e c o n o m i e s ,  bu t  r e du c e s  it  for  d e v e l o p i n g  c o u n t r i e s .  

H a u s m a n n  et al. ( 2 0 01 )  b u i l d  m e a s u r e s  o f  p a s s - t h r o u g h  and o f  the  

a b i l i t y  o f  c o u n t r i e s  to b o r r o w  a br oa d  in t he i r  own  c u r r e n c y  in o r de r  

to e xp l a i n  e x c h a n g e  ra t e  b e h a v i o u r .  T h e y  f i nd  a r o b u s t  r e l a t i o n s h i p  

b e t w e e n  the  a b i l i t y  o f  a c o u n t r y  to b o r r o w  in i ts own c u r r e n c y  and 

the  w ay  it m a n a g e s  i ts e x c h a n g e  ra t e  po l i c y .  T h e y  a l so  c o n c l u d e  t ha t  

c o u n t r i e s  t ha t  do no t  b o r r o w  in t he i r  own  c u r r e n c y  ho l d  h i g h e r  

l e ve l s  o f  f o r e i g n  r e s e r v e s ,  and t hus  e nsu r e  m u c h  l ess  e x c h a n g e  ra t e  

v o l a t i l i t y  s u p p o r t e d  by f o r e i gn  r e s e r v e s  and  i n t e r e s t  r a te

i n t e r v e n t i o n s .

The  r e s e a r c h  d e v e l o p e d  by  D e v e r e u x  and Lane  (2003)  

e x p l o r e s  the  s t o c h a s t i c  p r o p e r t i e s  o f  c ros s  s e c t i o n  da t a  to 

i n v e s t i g a t e  the  e f f e c t  o f  deb t  v a r i a b l e s  on the b i l a t e r a l  e x c h a n g e  

r a t e  m o v e m e n t s  for  a set  o f  c o u n t r i e s .  H o w e v e r ,  the  c ros s  s ec t i on  

a n a l y s i s  does  no t  c a p t u r e  l eve l  v a r i a t i o n s  ove r  t ime .  E s s e n t i a l l y ,  the  

c ros s  s e c t i o n  m o d e l l i n g  is a s t a t i c  a na ly s i s  wh i c h  i n v e s t i g a t e s  the  

e f f ec t s  o f  a c han g e  in one v a r i a b l e  p o s s i b l y  b e t w e e n  two t ime  

p e r i o d s  (20 year  a v e r ag e  g r o w t h  r a t e s  for  100 c o u n t r i e s  for  

i n s t a n c e ) ,  bu t  it does  not  a l l ow i s o l a t i n g  sho r t  run  or  l ong  run  

i m p a c t s  no r  c a p t u r i n g  the d y n a m i c s  o f  a d j u s t m e n t .  A l s o ,  a c ros s  

s e c t i o n  a s s u m e s  tha t  the  i mp ac t  is the  s ame  for  c o u n t r i e s  w i t h i n  the 

same  c a t e go r y .  N e v e r t h e l e s s ,  it is l i k e l y  t h a t  c o n s i d e r a b l e  

h e t e r o g e n e i t y  e x i s t s  ( f i n a n c i a l  s ec to r s ,  s u p e r v i s i o n ,  c re d i t  

c o n s t r a i n t s ,  e t c . )  a c r o s s  c o u n t r i e s .  In p a r t i c u l a r ,  c ros s  s ec t i o n a l  

d i s t r i b u t i o n s  d e m o n s t r a t e  to be r e l a t i v e l y  s t a b l e  and m a y  h i de  a 

m u l t i t u d e  o f  c h a n g e s  ove r  t ime .  He nce ,  c ros s  s e c t i o n  a na ly s i s  is an 

e c o n o m e t r i c  m e t h o d  t ha t  a d d r e s s e s  pa r t  o f  the  p r o b l e m  in e x a m i n i n g  

v a r i a b l e s  t ha t  d e m o n s t r a t e  th i s  t ype  o f  v o l a t i l e  b e h a v i o u r .  

A l t e r n a t i v e l y ,  t i me  s e r i e s  da ta  m o d e l l i n g  is an a p p r o a c h  able  to 

c a p t u r e  s u b s t a n t i a l  c h an g es  ove r  t ime  w h e n  a n a l y s i n g  e f f ec t s  o f  a 

v a r i a b l e  on a no th e r .  E s s e n t i a l l y ,  it is ab l e  to i d e n t i f y ,  to m e a s u r e
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and to p r e d i c t  e f f e c t s  o f  e c o n o m i c  p o l i c i e s  a p p r o p r i a t e l y  by  r e l a t i n g  

v a r i a b l e s  b e h a v i o u r s  at one p o i n t  in t i me  to o t h e r s  at a n o t h e r  p o i n t  

in t ime .  F u r t h e r m o r e ,  t ime  se r i e s  da t a  m o d e l l i n g  is an a p p r o a c h  t ha t  

a l l ows  for  the  r e s e a r c h e r  to wo r k  wi t h  a l a rg e r  n u m b e r  o f  da ta  

p o i n t s  c o m p a r a t i v e l y  to the  c ros s  s e c t i o n  da t a  a na ly s i s .  Thi s  

p r o p e r t y  a g g r e g a t e s  a r e l e v a n t  i m p o r t a n c e  to i n v e s t i g a t i o n s  on 

f i n a n c i a l  v a r i a b l e s  as it i n c r e a s e s  c o n s i d e r a b l y  the  d e g r e es  o f  

f r e e do m ,  r e d u c es  the  c o l l i n e a r i t y  a m on g  e x p l a n a t o r y  v a r i a b l e s  

c o n t r i b u t i n g  to i m p r o v e  the e f f i c i e n c y  o f  e s t i m a t i o n  t e c h n i q u e s .  

He nc e ,  the  t i m e - s e r i e s  da ta  a p p r o a c h  m o d e l s  m o r e  a p p r o p r i a t e l y  

e x c h a n g e  r a t e  s er i es  wh i c h  are d y n a m i c  s t o c h a s t i c  p r o c e s s e s  t ha t  

show s u s t a i n e d  p e r i o d s  o f  a p p r e c i a t i o n  and d e p r e c i a t i o n  o v e r  t ime .

N o n e t h e l e s s ,  some  v a r i a b l e s  in t i mes  se r i e s  are not  

w e a k l y  e x o g e n o u s  so t ha t  some type  o f  s i m u l t a n e i t y  r e l a t i o n s h i p  is a 

p l a u s i b l e  h y p o t h e s i s .  Thi s  is the  p r o p o s a l  o f  th i s  c ha p t e r ,  as bo t h  

e x c h a n g e  r a t e  v o l a t i l i t y  and f o r e i g n  i n d e b t e d n e s s  d e t e r m i n e  each  

o t he r  t h r o u g h  the  f e e d b a c k  e f f ec t s  c o m m e n t e d  ea r l i e r .  Thus ,  a 

r e a s o n a b l e  w ay  o f  t r e a t i n g  th i s  d i f f i c u l t y  is to a s s u me  a 

s i m u l t a n e o u s  b e h a v i o u r  for  each  v a r i a b l e .  In thi s  s ense ,  it i mp l i e s  to 

let  the  t ime  pa th  o f  be a f f e c t e d  by  c u r r e n t  and p a s t  r e a l i z a t i o n s

o f  {x,} and the  t ime  p a th  o f  {x,} be a f f e c t e d  by  c u r r e n t  and pas t

r e a l i z a t i o n s  o f  {y,}. Th i s  s imp l e  two v a r i a b l e  s y s t e m  c o n s t i t u t e s  the

c e n t r a l  a sp ec t  o f  v e c t o r  a u t o r e g r e s s i o n  -  V A R  m o d e l l i n g  -  wh i c h  

i n t r o d u c e s  the  idea  o f  f e e d b a c k  e f f e c t s  b e t w e e n  v a r i a b l e s  s ince  the  

y t and x, s e q u e n c e s  are a l l o w e d  to a f f e c t  each  o the r .

Thi s  c h a p t e r  e x p lo r e s  the  s t o c h a s t i c  p r o p e r t i e s  o f  t ime  

s er i es  da t a  u s i ng  V A R  m o d e l l i n g  in o r d e r  to t e s t ,  f i r s t l y ,  for  the 

i m p a c t  o f  the  r a t i o  o f  ne t  f o r e ig n  d e b t  to GDP on e x c h a n g e  ra t e  

v o l a t i l i t y  and v i c e - v e r s a .  The  key i s su e  is t ha t  f o r e i g n  deb t s  ma y
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a f f e c t  e x c h a n g e  r a t e  v o l a t i l i t y  as r e s u l t  o f  i n c r e a s e s  in d e f a u l t  r i sks ,  

bu t  f e e d b a c k  e f f e c t s  f r om i m p a c t s  on c o r p o r a t e  b a l a n c e  s hee t s  may  

a l so  t ake  p l a c e  and to a f f ec t  the  r a t i o  o f  f o r e i g n  d eb t  to G D P 65. The 

f e e d b a c k  e f f ec t  c o n s t i t u t e s  the  t y p i ca l  s i m u l t a n e i t y  and s u p p o r t s  the  

ba s i c  p r o p e r t i e s  i n h e r e n t l y  f o un d  in V A R  m o d e l l i n g .  The  

i n v e s t i g a t i o n  is c o n d u c t e d  by  a p p l y i n g  th i s  e c o n o m e t r i c  m e t h o d  to a 

s a m p l e  o f  d e v e l o p e d  and e m e r g i n g  m a r k e t s  t ha t  show h i gh  and low 

l e ve l s  o f  f o r e i g n  i n d e b t e d n e s s ,  r e s p e c t i v e l y .  The  p r i m a r y  h y p o t h e s i s  

t e s t e d  is t ha t  c h an g e s  in f o r e ig n  d e b t  i m p a c t  on e x c h a n g e  ra t e  

v o l a t i l i t y ,  bu t  in a d i f f e r e n t  w a y  a c r o s s  d e v e l o p e d  and  e m e r g i n g  

m a r k e t  c o u n t r i e s .

Thi s  type  o f  m o d e l l i n g  r e q u i r e s  the  use  o f  s t r u c t u r a l  

sho ck s .  A c c o r d i n g  to Sims  ( 1980) ,  a s t r u c t u r a l  V AR c a n n o t  be 

e s t i m a t e d  d i r e c t l y  due  to f e e d b a c k  e f f ec t s  a s s o c i a t e d  w i t h  the  

s y s t em.  He nce ,  a C h o l e s k i  d e c o m p o s i t i o n  is u s ed  in o rd e r  to r e c o ve r  

the  s t r u c t u r a l  r e s i d u a l s .  The  C h o l e s k i  d e c o m p o s i t i o n  f o r ce s  a 

p o t e n t i a l  a s y m m e t r y  to the  s y s t e m  by  i m p o s i n g  an o r d e r i n g  to the 

v a r i a b l e s .  A f t e r  the  s t r u c t u r a l  e r ro r s  are  r e c o v e r e d ,  the  v a r i a n ce  

d e c o m p o s i t i o n  is p r o d u c e d  to a na ly s e  the  p r o p o r t i o n  o f  the 

m o v e m e n t s  in the  e x c h a n g e  r a t e  s e q u e nc e  due to its o wn  s hocks  

v e r s u s  s ho ck s  to the  f o r e ig n  deb t  s e q u e nc e .  F i n a l l y ,  an i m p u l s e -  

r e s p o n s e  a na ly s i s  is d e v e l o p e d  to t r ace  out  the  t i me  b e h a v i o u r  o f  a 

v a r i a b l e  in r e s p o n s e  to v a r i o u s  s hocks  ( i m p u l s e s )  f r om a n o t he r  

v a r i a b l e .

A d d i t i o n a l l y ,  a c c o r d i n g  to H a u s m a n n  et a l . { 2001)  even  

t h o u g h  e m e r g i n g  m a r k e t  c o u n t r i e s  are u s u a l l y  c r e d i t  c o n s t r a i n e d  to 

b o r r o w  a b r o a d  in t he i r  own c u r r e n c i e s ,  t h e i r  e x c h a n g e  r a t e s  may  

e v e n t u a l l y  r e ve a l  a low v o l a t i l i t y  by v i r t u e  o f  m o n e t a r y  a u t h o r i t y  

i n t e r v e n t i o n s .  H a u s m a n n  et al.  r ep o r t  t ha t  the  l evel  o f  i n t e r n a t i o n a l

65 Note also that firms, governments, and other market participants, tend to promote changes in their debt 
portfolio to prevent financial losses due to more volatile exchange rates.
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r e s e r v e s  in c o u n t r i e s  u n d e r  c red i t  c o n s t r a i n t s  and h i gh  u n - h e d g e d  

f o r e ig n  c u r r e n c y  i n d e b t e d n e s s  are,  on a ve r ag e ,  h i g h e r  and more  

v o l a t i l e  t ha n  c o u n t r i e s  w i t h  n o n - c r e d i t  c o n s t r a i n t s .  Thi s  m a y  be a 

s t r a t e g y  w h i c h  a ims  at c o n t r o l l i n g  an e v e n t u a l  i n c r e a s e  in e xc ha n ge  

ra t e  v o l a t i l i t y .  M o r e o v e r ,  the  g o v e r n m e n t  a u t h o r i t i e s  a l so t end  to 

t i g h t e n  m o n e t a r y  p o l i c y  and to a l l ow for  mo r e  v o l a t i l i t y  in i n t e r e s t  

r a t e s  t han  in e x c h a n g e  r a t e s .  Ca l vo  and  R e i n h a r t  (2002)  a r gue  t ha t  

the  e x c h a n g e  ra t e  in t he se  c o u n t r i e s  s eems  to be f l o a t i n g  w i t h  a 

“ l i f e j a c k e t ” in r e f e r e n c e  to t he  h igh  l eve l  o f  f o r e i g n  r e s e r v e s  or 

i n t e r v e n t i o n s  in i n t e r e s t  r a t e s .  On the o t he r  hand ,  the  e x c h a n g e  ra t e  

p o l i c y  in d e v e l o p e d  m a r k e t  e c o n o m y  c o u n t r i e s  wi t h  n o n - c r e d i t  

c o n s t r a i n t s ,  and s u p p o s e d l y  ab le  to b o r r o w  in t h e i r  own  c u r r e ncy ,  

ma y  f o l l o w  w ha t  H a u s m a n n  et al. c a l l ed  “b e n i g n  n e g l e c t ” to 

c h a r a c t e r i s e  l i m i t e d  i n t e r v e n t i o n s  on the  f o r e i g n  e x c h a n g e  m a r k e t  

and the f e a s i b i l i t y  for  the  e xc ha n ge  r a t e  to be mo r e  v o l a t i l e .  The  

i m p a c t  o f  e x c h a n ge  r a t e  v o l a t i l i t y  on i n t e r e s t  r a t e s  and i n t e r n a t i o n a l  

r e s e r v e s  can  be v i e w e d  as a c l as s  o f  s p i l l o v e r  e f f ec t s  ( see  Hong ,  

2 0 0 1 ) .

T ab l e  5.1 r ep or t s  some  ba s i c  s t a t i s t i c s  for  a f o u r - c o u n t r y  

s a m p l e  m ad e  up o f  A u s t r a l i a ,  Cana da ,  M ex i c o  and T u r k e y  and  us ed  

in th i s  s t udy .  The  i n t e r e s t  r a te  and i n t e r n a t i o n a l  r e s e r v e s  are 

v a r i a b l e s  t ha t  may  r e f l e c t  some  type  o f  s p i l l o v e r  e f f e c t s  as 

s u g g e s t e d  by  H a u s m a n n  et a l . ( 2 0 0 1)  and  Ca l vo  and  R e i n h a r t  ( 2002) .  

The  c o m p u t a t i o n s  r e p o r t e d  in Tab l e  I show e v i d e n c e s  t ha t  h igh  

l e ve l s  o f  f o r e i g n  deb t s  ma y  have  s t r o n g e r  i m p a c t s  on the  e x c h a n ge  

r a t e  v o l a t i l i t y  in f i n a n c i a l l y  f r ag i l e  e c o n o m i e s .  N o t e  tha t ,  the  r a t i o  

o f  ne t  f o r e i g n  deb t  to GDP and the e x c h a n g e  r a t e  v o l a t i l i t y ,  as wel l  

as i n t e r e s t  r a t e  v o l a t i l i t y ,  o b s e r v e d  for  Me x i c o  and T u r k e y  are,  on 

a ve r ag e ,  s u b s t a n t i a l l y  h i g h e r  t han  for  A u s t r a l i a  and C an a da .  These  

o b s e r v a t i o n s  r e i n f o r c e  the  r e l e v a n c e  o f  the  b a s i c  h y p o t h e s i s  

i n v e s t i g a t e d  in th i s  s tudy .
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T a b l e  5 . 1  -  B a s i c  S t a t i s t i c s  b y  C o u n t r y * ’* *

Country
A ve r a g e V a r i a n c e

ner debt i r Res debt i r res

Austral ia 0 . 0 6 3 1 7 . 9 5 9 . 4 2 2 . 7 8 0 . 0 0 1 2 1 7 . 2 9 2 0 . 0 0 0 6

Canada 0 . 0 2 4 3 1. 11 8 . 2 6 2 . 3 5 0 . 0 2 2 4 1 6 . 6 5 5 0.0001

Mexico 0 . 9 4 2 4 2 . 8 9 3 9 . 8 6 4 . 6  1 0 . 0 2 2 3 6 7 7 . 5  1 0 . 0 0 0 5

Turkey 6 . 4 4  e 12 4 6 . 5 7 6 7 . 9 9 6 . 91 0 . 0 4 6  1 1 0 0 9 . 1 0 . 0 0 0 3

* T h e  s t a t i s t i c s  a r e  b a s e d  on 1 9 8 0 : 1 - 2 0 0 2 : 1  p e r i o d ,  e x c e p t  f o r  T u r k e y  ( 1 9 8 7 : 1 - 2 0 0 2 : 1 ) .

* * n e r :  q u a r t e r l y  n o m i n a l  e x c h a n g e  r a t e  v a r i a n c e ,  d e b t :  f o r e i g n  d e b t / g d p  in % ,  

i r :  i n t e r e s t  r a t e  in % ,  r e s :  i n t e r n a t i o n a l  r e s e r v e s / g d p  in % .

Thi s  c h a p t e r  al so i n v e s t i g a t e s  the  ro l e  o f  m o n e t a r y  

a u t h o r i t i e s  in r e s p o n s e  to e x c h a n ge  r a t e  v o l a t i l i t y .  The  bas i c  

h y p o t h e s i s  t e s t s  i f  e x c h a n g e  r a t e  v o l a t i l i t y  is f o l l o w e d  by  i n c r e a s e s  

in e i t he r  i n t e r e s t  r a t e  or  i n t e r n a t i o n a l  r e s e r v e s  v o l a t i l i t y .  G i v e n  tha t  

the  i n t e r e s t  r a t e  and  i n t e r n a t i o n a l  r e s e r v e s  are a s s u m e d  to be 

s t a b i l i s i n g  t oo l s ,  an a d d i t i o n a l  v e c t o r  is i n t r o d u c e d  in to  the  V AR 

m o d e l  in o rd e r  to i n v e s t i g a t e  i f  e x c h a n g e  ra t e  v o l a t i l i t y  due  to h igh  

f o r e i g n  deb t s  a f f ec t s  i n t e r e s t  r a t e  and i n t e r n a t i o n a l  r e s e rv e s .  Thi s  

s t r a t e g y  a ims  at c a p t u r i n g  e v e n t u a l  s p i l l o v e r  e f f ec t s  c a u s e d  by 

f o r e i g n  deb t s  s hocks  on e i t he r  the  i n t e r e s t  r a t e  or  i n t e r n a t i o n a l  

r e s e rv e s .

The  c h a p t e r  is s t r u c t u r e d  in f ive  d i s t i n c t  s ec t i ons .  

S e c t i o n  5.1 o u t l i n e s  the  t h e o r e t i c a l  c o n s i d e r a t i o n s  to s u p p o r t  the 

u n d e r l y i n g  i deas .  S e c t i o n  5.3 d e s c r i b e s  the  s t a t i s t i c a l  da ta ,  v a r i a b l e s  

u s ed  and c o l l e c t i n g  s ou rc es .  S ec t i on  5.4 p r e s e n t s  the  e m p i r i c a l  

r e s u l t s  wi t h  a b r i e f  e x p l a n a t i o n  o f  the  m e t h o d o l o g y  a d op t ed .  

F i n a l l y ,  S e c t i o n  5.5 p r e s e n t s  the  c o n c l u s i o n s .
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5.1 - T h e o r e t i c a l  C o n s i d e r a t i o n s

The  i n c r e a s i n g  l eve l  o f  f o r e i g n  i n d e b t e d n e s s  and its 

m a c r o e c o n o m i c  e f f e c t s  has  a s s u m e d  c o n s i d e r a b l e  i m p o r t a n c e  in 

a c a d e m i c  s t ud i e s  in the  l as t  two d e ca de s .  Some  t h e se s  s t u d i e s ,  as 

c i t e d  in t he  i n t r o d u c t i o n ,  d e sc r i b e  r ea l  and n o m i n a l  i mp a c t s ,  

r e s u l t i n g  f r om u n c o n t r o l l e d  g r o w t h  o f  e x t e r n a l  d e b t s ,  on the  

e c o n o m y  o f  d i f f e r e n t  c o u n t r i e s .  Thi s  c h a p t e r  a ims  at g i v i n g  an 

a d d i t i o n a l  c o n t r i b u t i o n  to the  d eba t e  by  f o c u s i n g  on the  e f f e c t s  o f  

f o r e i g n  de b t s  on e x c h a n g e  r a t e  v o l a t i l i t y  ( n o m i n a l  s ho ck s ) .  The  

t h e o r e t i c a l  b a c k g r o u n d  f o l l ows  ideas  d e r i v e d  f r om B e r n a n k e ,  G e r t l e r  

and G i l c h r i s t  ( 1 9 99 ) ,  O b s t f e l d  and R o g o f f  (1995 ,  2 0 00) ,  D e v e r e u x  

and Lane  ( 2 0 03 ) ,  and c o n s i d e r a t i o n s  abou t  r i s k  p r e m i u m s  in 

e x c h a n g e  r a t e s  f r om Sa r no  and  T a y l o r  ( 2002) .  In e s s e n ce ,  the  ma in  

o b j e c t i v e  is to a s s o c i a t e  the  i n c r e a s i n g  f o r e i g n  i n d e b t e d n e s s  to 

d e f a u l t  r i sks  in c o n j u n c t i o n  wi th  c r e d i t  c o n s t r a i n t s ,  i ts i m p a c t  on 

e x c h a n g e  r a t e  v o l a t i l i t y  g e n e r a t e d  by two types  o f  e f f ec t s :  (1)  d i r ec t  

e f f ec t s ,  and (2)  f e e d b a c k  e f f ec t s .

The  u n d e r l y i n g  idea  is t ha t  the  h i g h e r  the  l eve l  o f  u n 

h e d g e d  f o r e i g n  deb t s  the  h i g h e r  the  d e f a u l t  r i sk .  So a h i g h e r  l evel  o f  

f o r e ig n  deb t s  i mp l i e s  an i mp l i c i t  d e f a u l t  r i s k  w h i c h  c o n t a m i n a t e s  

the  ma rk e t .  Thi s  i n c r e a s i n g  r i s k  r a i s es  the  r i s k  p r e m i u m  due to a 

g e n e r a l i s e d  d e f a u l t  f e a r  in the  m a r k e t  r e s u l t i n g  in the  e x c h a n g e  ra t e  

d i v e r g i n g  f r om  its e x p e c t e d  c han g e  d e t e r m i n e d  by f u n d a m e n t a l s 66. 

T hus ,  a h i g h  p r o b a b i l i t y  o f  d e f a u l t  ma y  i n t e r f e r e  w i t h  m a r k e t  

a g e n t ’s e x p e c t a t i o n s  and  c au s e  t e m p o r a r y  t u r b u l e n c e s  in e xc ha n ge  

r a t e  v o l a t i l i t y  due  to a h i g h e r  v o l a t i l i t y  in r i sk .  Th i s  c o n s t i t u t e s  the 

d i r e c t  e f f e c t  o f  h i gh  s tocks  o f  f o r e i gn  deb t  on e x c h a n g e  ra t e  

v o l a t i l i t y .  The  d i r ec t  e f f ec t  a l so  c au s es  c red i t  c o n s t r a i n t s  as a r e s u l t

66 Note that the risk percentage embodied into the interest rate leads to an additional increase in default risk 
as corporate financial costs are affected. In practice, the risky economic context determines simply credit 
constraints to highly indebted economies.
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o f  i n c r e a s e s  in d e f a u l t  r i sk  due  to e x c e s s i v e  l eve l s  o f  b o r r o w i n g s  

and  ma y  h av e  a d d i t i o n a l  s ide  e f f ec t s  on e x c h a n g e  ra t e  v o l a t i l i t y .  

F e e d b a c k  e f f e c t s ,  in tu rn ,  de no te  the  p o t e n t i a l  i m p a c t  o f  the  

e x c h a n g e  ra t e  v o l a t i l i t y  on c o r p o r a t e  b a l a n c e  shee t s ,  c o n s e q u e n t l y  

on the r a t i o  o f  f o r e i g n  deb t s  to GDP.  P o t e n t i a l l y ,  f i r ms  t end  to 

c h a n g e  t he i r  deb t  p o r t f o l i o s  f r om f o r e i g n  s o u rc e s  to d o me s t i c  

s ou rc es  o ve r  t ime  as it ma y  be c o s t l y  to k eep  f o r e i gn  c u r r e n c y  

l i a b i l i t i e s  in a c o n t e x t  o f  v o l a t i l e  e x c h a n g e  ra t e .  The  t h e o r e t i c a l  

f r a m e w o r k  for  f e e d b a c k  e f f e c t s  is no t  p r e s e n t e d  in th i s  c h a p t e r  as it 

does  not  c o n s t i t u t e  the  c en t r a l  t op i c  o f  th i s  ch ap t e r .

The  t h e o r e t i c a l  a r g u m e n t  o f  d i r e c t  e f f ec t s  d e s c r i b e s  the 

r e l a t i o n s h i p  b e t w e e n  c red i t  c o n s t r a i n t s  and r i sk  p r e m i u m s  b a s e d  on 

a s ing l e  smal l  e c o n o m y  ma de  up o f  h o u s e h o l d s  c o n s u m i n g  one 

i m p o r t e d  good ,  and s u p p l y i n g  l abour .  Th i s  h y p o t h e t i c a l  e c o n o m y  

a l so  p r o d u c e s  a n o n - t r a d e d  g o od  and an e x p o r t  good .  A p a r t  f r om the 

n o n - t r a d e d  good ,  p r i c e s  o f  b o th  i m p o r t  and e x po r t  goods  are  set  in 

the  i n t e r n a t i o n a l  ma rk e t .  F i r ms  in the  e x p o r t  s e c t o r  use  b o t h  l a bo ur  

and  i n t e r m e d i a t e  i m p o r t s  and do no t  have  any p o w e r  ove r  

i n t e r n a t i o n a l  p r i ce s .  F i r ms  in the  i n t e r m e d i a t e  i m p o r t  s ec to r  a cq u i r e  

i n pu t s  a b ro a d  and t r a n s f e r  t h e m to e x po r t e r s .  The  p r o b l e m  a r i ses  

w h e n  f i r ms  have  c r e d i t  c o n s t r a i n t s  for  p u r c h a s e s  o f  i n t e r m e d i a t e  

i n p u t s  and n eed  to b o r r o w  an a m o un t  B 67 f r o m  f o r e i g n  b a n ks  to 

f i n a n c e  t he i r  p u r c h a s e s .  I f  t he r e  are d e f a u l t  r i sks ,  the  i n t e r m e d i a t e  

i npu t  i m p o r t e r s  are  r e q u i r e d  to pay  a fee pe r  un i t  o f  i m p o r t e d  i nput .  

Th i s  a d d i t i o n a l  c ha r ge  is a r i sk  p r e m i u m  l i n k e d  to the  d e f a u l t  r i sk  

and it is s u p p o s e d  to i n c r e a s e  a c c o r d i n g  to the  a m o un t  b o r r o w e d  in 

r e l a t i o n  to ne t  wo r t h .  I n c r e a s i n g  the u n - h e d g e d  a m o un t  o f  B ma y  

l e ad  to c o r p o r a t e  f i n a n c i a l  f r a g i l i t i e s  and to r i s i n g  r i sk  p r e m i u m s .  

C o n v e r t e d  in to  the  d o m e s t i c  p r i c e  by a n o m i n a l  e x c h a n ge  ra t e ,  the

67 International exchange is usually made via financings in foreign currency, rather than in cash, from 
international credit markets.
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v a r i a b l e  cos t  (VC)  o f  the  i npu t  for  the  i m p o r t e r  is e x p r e s s e d  as 

f o l l o w s :

VC = s p q [ez(a)] (5 . 1 . 1 )

w h e r e  s is the  n o m i n a l  e x c h a n g e  ra t e ,  p *  is the  i m p o r t e d  i n p u t  p r i ce ,  

and q is the  q u a n t i t y  i m p o r t e d .  The  t e rm z ( a )  d e n o t e s  an a d d i t i o n a l  

r i s k  p r e m i u m  f u n c t i o n  a s s o c i a t e d  wi th  the  i m p o r t e r ’s d e f a u l t  r i sk.

The  r i sk  p r e m i u m  ra t e  («)  d e p e n d s  on the r a t i o  o f  ne t

c o r p o r a t e  b a l a n c e  s hee t  to p x, (p = -^—\ s B - A \ ,  in w h i c h  p x is the
sPx

t r a d e d  good  p r i c e ,  B and  A are the  b o r r o w i n g s  in f o r e i gn  c u r r e n c y  

and a s se t s  in d o m e s t i c  c u r r e nc y ,  r e s p e c t i v e l y ,  so t ha t  a = f ( c p ) 6i. I f  

<p>0 i mp l i e s  u n - h e d g e d  f o r e i gn  deb t s  and p o t e n t i a l  r i s k  o f  d e fau l t .

By a s s u m i n g  in th i s  c o n t e x t  t ha t  q is o b t a i n e d  via  B, the  

e x p r e s s i o n  (5 . 1 . 1 )  in c o n j u n c t i o n  wi th  cp i n d i c a t e  t ha t  an a dv e r s e  

e x c h a n g e  r a t e  s ho ck  ma y  i n f l a t e  c o r p o r a t e  l i a b i l i t i e s ,  g o v e r n m e n t  

f i n a n c e s 68 69, and l ead  to b a l a n c e  s hee t  e f f e c t s  i f  i n d e b t e d  

f i r m s / g o v e r n m e n t s  do not  have  an a p p r o p r i a t e  c o v e r a g e  in a s s e t s 70. 

Thi s  is the  e s s e n c e  o f  d i r e c t  e f f ec t s  f rom h i gh  l e ve l s  o f  fo r e i g n  

de b t s  on e x c h a n g e  r a t e  v o l a t i l i t y  c au s e d  by c o r p o r a t e  b a l a n c e  shee t  

e f f ec t s .

The  l i nk a ge  b e t w e e n  the d e f a u l t  r i s k  and the r i sk  

p r e m i u m  l eads  to c o l l a t e r a l  e f f e c t s  on e x c h a n g e  r a t e  v o l a t i l i t y .  I f

68 For simplicity, it is assumed that the default risk corresponds to 100% of the risk premium.
69 Government finances are affected when loans to the private sector are guaranteed by the public sector 
(moral hazard hypothesis).
70 This situation may also compromise future corporate and government investment abilities with impacts 
on eventual business cycles [see Bemanke, Gertler and Gilchrist (1999)].
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the  f u n c t i o n  z ( a )  in (5 . 1 . 1 )  s a t i s f i e s  z ( « ) > 0 ,  t hen  c o r p o r a t e  b a l a n c e

s hee t  p o s i t i o n s  a s s u me  a s i g n i f i c a n t  i m p o r t a n c e  o f  a f f e c t i n g  

e x c h a n g e  r a t e  v o l a t i l i t y  t h r o u g h  h a v i n g  i m p l i c a t i o n s  on the  d e f au l t  

r i sk  and the r i sk  p r e m i u m  in e x c h a n g e  r a t e s .  The  e x p r e s s i o n  z («)  > 0

c o n s t i t u t e s  an i m p o r t a n t  r a t i o n a l e  to u n d e r s t a n d  the  i m p a c t  o f  h igh  

s t ock  o f  f o r e i g n  deb t s  on e x c h a n g e  ra t e  v o l a t i l i t y  v i a  d e f a u l t  r i sks  

( r i sk  p r e m i u m s )  and f e e d b a c k  e f f e c t s  c a u s i n g  b a l a n c e  shee t  c han g e s .  

F i gu re  5.1 d e s c r i b e s  the  two u n d e r l y i n g  g e ne r a l  h y p o t h e s e s  a s s u m e d  

in th i s  c on t ex t .
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F i g u r e  5.1 -  D i rec t  E f f e c t s  and F e e d b a c k  E f f e c t s*  

1 - D i r e c t  E f f e c t s

H ig h  lev e ls  o f f  D efa u lt r isk  'v E x ch a n g e  ra te
fo re ig n  d eb ts in crea ses  J  w v o la t il ity  in crea ses

2- F e e d b a c k  Ef f e c t s

* Fu l l  l i ne  a r r o w s  are d i r e c t  e f f e c t s  and d a s h e d  l i ne  a r r o w s  are  f e e d b a c k  e f f e c t s .  

N o t e ,  a d d i t i o n a l l y ,  t ha t  d i r e c t  e f f e c t s  f r o m h i gh  s t o c k s  o f  f o r e i g n  d e b t s  on 

e x c h a n g e  ra t e  v o l a t i l i t y  may  p o t e n t i a l l y  p r o d u c e  f e e d b a c k  e f f e c t s  on f o r e i g n  

d e b t s / G D P  as d e b t  p o r t f o l i o  c h a n g e s  t a k e  p l a c e .  F i r m s  wi l l  t e nd  to s h i f t  t he i r  

b u s i n e s s e s  to d o m e s t i c  c r e d i t s  in p r e s e n c e  of  l a s t i n g  e x c h a n g e  ra t e  s h o c k s .
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N ot e  t ha t  a r i s k  c o m p o n e n t  does  not  m a k e  pa r t  o f  the  set  

o f  e x c h a n g e  r a t e  f u n d a m e n t a l s .  In fac t ,  it is an e x t r a n e o u s  e l e me n t  

t ha t  a f f ec t s  the  e x c h a n g e  r a t e  b e h a v i o u r  and v i o l a t e s  a c ruc i a l  

a s s u m p t i o n  o f  the  e f f i c i e n t  f o r e i gn  e x c h a n g e  m a r k e t  h y p o t h e s i s :  the  

r i s k - n e u t r a l  a s s u m p t i o n .  I ndeed ,  the  d e f a u l t  r i sk  is e m b o d i e d  in the  

r i s k  p r e m i u m ,  and u n d e r  t e m p o r a r y  c i r c u m s t a n c e s  has  s ide  e f f ec t s  

on the  e x c h a n g e  ra t e  v o l a t i l i t y 71. Hen ce ,  i f  the  m a r k e t  p a r t i c i p a n t s ,  

e s p e c i a l l y  in f o r e i gn  e x c h a n g e  m a r k e t s ,  are  r i s k - a v e r s e ,  the 

u n c o v e r e d  i n t e r e s t  p a r i t y  ( UI RP )  c o n d i t i o n  b a s e d  s o l e l y  in e c o n o m i c  

f u n d a m e n t a l s ,  and e x p r e s s e d  by /, —/* = AkSi+k > does  no t  ho l d  due to the 

d i s t o r t i o n  c r e a t e d  by  the  r i sk  p r e m i u m .  A g e n t s  wi l l  r e q u i r e  a h i g h e r  

r a t e  o f  r e t u r n  t han  the  s imp l e  i n t e r e s t  r a t e  d i f f e r e n t i a l  in r e t u r n  for  

the  e x c h a n g e  ra t e  r i s k  a s s u me d .  The  f o l l o w i n g  e x p r e s s i o n  r e f l e c t s  

the  e f f e c t s  o f  i n c r e a s e d  r i sks  [ z («)  > 0 ] r e l a t i v e  to the  p o s s i b i l i t y  o f  

d e f a u l t s :

Essays on Exchange Rate Determination:
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-  AUm  +a,  ( 5 . 1 . 2 )

w h e r e  /, and /* d e no te  the  d o m e s t i c  and f o r e i g n  i n t e r e s t  r a t e ,  Alst+i 

the  e x p e c t e d  c han g e  in the  e x c h a n ge  r a t e  and  at is the  r i sk  

p r e m i u m .

The  e m p i r i c a l  l i t e r a t u r e  p o i n t s  out  t ha t  the  e x i s t e n c e  o f  a 

r i sk  p r e m i u m  has  i m p o r t a n t  i m p l i c a t i o n s  for  e x c h a n g e  ra t e  

r e g r e s s i o n s .  Hen ce ,  i f  the  e f f i c i e n t  f o r e i gn  e x c h a n g e  ma r ke t  

h y p o t h e s i s  ho ld s ,  t hen  the  UI RP  c o n d i t i o n  can be  t e s t e d  as fo l l ows :

71 In this context, temporary circumstances refer to adverse shocks that affect the international confidence 
in credit markets.
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A Is m - a t + P { f k, ~  sl) + vt+k ( 5 . 1 . 3 )

w h e r e  f )  is the  f o r w a r d  e x c h a n g e  ra t e  at  t i me  k, at is the  r i sk  

p r e m i u m  w h i c h  mus t  be equal  to zero  for  UI RP  to ho l d  and  Vl+k is 

wh i t e  no i s e  e r r o r  at  t i me  t + k.

The  t e rm f \ ~ s t  i n (5 . 1 . 3 )  d e no t e s  t he  f o r w a r d  p r e m i u m  

p r e d i c t e d  in a f o r w a r d  e x c h a n ge  ra t e  c o n t r a c t 72. I f  the  i n f o r m a t i o n  

set  Q, a v a i l a b l e  to the  m a r k e t  c o n t a i n s  a t , and the  r a t i o n a l  

e x p e c t a t i o n s  h y p o t h e s i s  ho lds ,  t hen  the f o r w a r d  p r e m i u m  s ho u l d  be 

e no u g h  to c o ve r  the  e x p e c t e d  c han g e  in the  e x c h a n g e  r a t e  and the 

r i s k  p r e m i u m  c o mp o n e n t .

Th u s ,  w he n  a =  0 the  e s t i m a t e d  v a l ue  o f  the  s lope  

p a r a m e t e r  ¡3 is e x p e c t e d  to be equal  to one  and the  d i s t u r b a n c e  t e rm 

vt+k t °  be u n c o r r e l a t e d  wi th  the  i n f o r m a t i o n  a v a i l a b l e  at t ime  t. 

F a ma  ( 1 9 8 4 ) ,  n e v e r t h e l e s s ,  d e r i v e d  a p r i o r  v e r s i o n  o f  the  e s t i m a t o r  

for  [3 in (5 .1 .3 )  t ha t  d id  not  t ake  into a c c o u n t  r a t i o n a l  e x p e c t a t i o n s  

as :

P =
cov(A s,+k, f k, - s )  

var { f k, ~ s )
(5 . 1 . 4 )

By a p p l y i n g  r a t i o n a l  e x p e c t a t i o n s  to a v e r s i on  o f  Fama  

( 1 98 4 )  and a s s u m i n g  a  * 0,  Sa rno  and T a y l o r  ( 2 00 2 )  s u g ge s t  t ha t  the

72 The basic difference between UIRP and covered interest rate parity (CIRP) is that the latter concept 
implies the coverage of a forward exchange rate contract.
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e s t i m a t o r  for  the  c o e f f i c i e n t  /? in (5 . 1 . 3 )  can be  e s t i m a t e d  via  OLS
-i t

as f o l l ows  :

var(Afot+t) + cov (q t, Afc,+t)
var (a ,) + var ( AekSl+k) + 2 cov(a„ AekSi+k)

( 5 . 1 . 5 ) 74

w he r e  cov and var  are  the  c o v a r i a n c e  and v a r i a n c e ,  r e s p e c t i v e l y .

A c o n s i d e r a b l e  n u m b e r  o f  e m p i r i c a l  s t ud i e s  has  r e p o r t e d  

a n e g a t i v e  /? in (5 . 1 . 3 )  and p a r t i c u l a r l y  c lo se  to mi nu s  u n i t y  [see 

F r oo t  and T h a l e r  ( 1 9 90 )  and Sa rno  and T a y l o r  ( 2 0 0 2 ) ] 73 74 75. These  

u n e x p e c t e d  f i n d i n g s  a p p e a r  to v i o l a t e  the  UI RP  c o n d i t i o n  as t hey  

i n d i c a t e  t ha t  the  e x c h a n g e  r a t e  s hou l d  a p p r e c i a t e  the  mor e  the  

d o me s t i c  i n t e r e s t  r a t e  e xc e e d s  the  fo r e i g n  i n t e r e s t  ra t e .  H o w ev e r ,  

the  r e j e c t i o n  o f  UI RP  b a s e d  on a n e g a t i v e / ?  ma y  be a m i s l e a d i n g  

i n t e r p r e t a t i o n  b e c a u s e  it does  not  u s u a l l y  t ake  into a c c o u n t  the 

e f f ec t  o f  the  r i sk  p r e m i u m  ( « , )  a s s o c i a t e d  wi t h  an e xc e s s  s u p p l y  o f  

the  d o me s t i c  c u r r e n c y  ( see  H od r i c k ,  1986,  1992) .  E s s e n t i a l l y ,  the  

UI RP  s i m p l y  s t a t es  t ha t  the  e x c h a n ge  ra t e  is e x p e c t e d  to d e p r e c i a t e  

at t + k  when  a r i sk  p r e m i u m  is p r e s e n t  r e s u l t i n g  in the  cov(«„ AkSt+k) < 0 

in ( 5 . 1 . 4 ) .  The  n e g a t i v i t y  o f  /? is c o m p e n s a t e d  by r i s e s  in 

cov(q„ Aits,+*) < 0 due  to i n c r e a s i n g  h o l d i n g s  o f  the  d o m e s t i c  c u r r e n c y  

by v i r t ue  o f  the  i n t e r e s t  r a t e  d i f f e r e n t i a l .  In r e a l i t y ,  a p o s i t i v e

73 Note that c o v (a „ AkSt+k) < 0 implies effects o f  the risk premium ( a , ) on the expected change in 

exchange rate (A/tSi+t), and vice-versa, so that a , and P in ( 5 . 1 . 3 )  follow opposite stochastic paths.

74 From (5.1.3) and (5.1.4), it can implicitly be inferred that ( f f  -  s t ) = A ekst+k + a t or the forward 

premium F P = A eks t+k + a t so that va r (P F )  = var(A^.s(+|t + « ,  ) .  As A ekst+k an d  a t are not independent, so 

va r (P F )  = v a r (a t ) + v a r (A eks l+k) + 2 co v (A eks l+k, a t ) as in (5.1.5).

75 The literature usually denominates the negativity o f f t  in (5.1.3) as a forward discount bias.
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i n t e r e s t  r a t e  d i f f e r e n t i a l  in (5 . 1 . 2 )  s u g g e s t s  t ha t  the  f o re i g n  

c u r r e n c y  is at a p r e m i u m  in the  f o r w a r d  m a r k e t  wh i c h  i m p l i e s  a 

t i m e - v a r y i n g  and i n c r e a s i n g  r i s k  p r e m i u m .  As a r e s u l t ,  the  l o n ge r  

and the l a rg e r  a p o s i t i v e  i n t e r e s t  r a te  d i f f e r e n t i a l  r e m a i n s  the  more  

the  r i sk  c o m p o n e n t  ( « , )  b e c o m e s  v o l a t i l e  ove r  t i me ,  so t ha t  the 

e f f i c i e n t  m a r k e t  h y p o t h e s i s  is r e j e c t ed .

To d e m o n s t r a t e  th i s ,  Sa rno  and T a y l o r  ( 2 00 2 )  s ug g es t  

t ak in g  a w e a k e r  p r o p o s i t i o n  for  the  c o e f f i c i e n t  /? in (5 . 1 . 5 )  so t ha t  

it  is a s s u m e d  to be less  t ha n  lA.  Th i s  a s s u m p t i o n  i mp l i e s  a 

s i g n i f i c a n t  r i sk  p r e m i u m  (a ;£ 0 =>/?;* 1) i n c l u d e d  in ( 5 . 1 . 3 ) 76, and the 

e s t i m a t o r  for  [3 can be r e a r r a n g e d  as fo l l ows :

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

P =
var(A£s,+fr) + cov («„  AeiS,+k) 1< —

yar(at) + yar(AUt+k) + 2cov(a „AiS,+k) 2
(5 . 1 . 6 )

The  e x p r e s s i o n  (5 . 1 . 6 )  shows  tha t  t he  e s t i m a t i o n  o f  f3 is 

a f f e c t e d  by  the  e f f ec t  o f  the  r i sk  p r e m i u m  c o m p o n e n t  on the 

e x p e c t e d  c ha ng e  in the  e x c h a n g e  ra t e  d e n o t e d  by cov(<2„ Alst+k ) ^ 0 so 

that :

2 var (Ms,+k) + 2 cov(«„ M sl+k) < var (a ,) + var ( AekSl+k) + 2 cov ( CCn A.kS,+k)

w h i c h  r e s u l t s  in:

v a r(a ,)>  var(A U +*) (5 . 1 . 7 )

76 In the context o f foreign debts effects on the exchange rate volatility, a risk premium is given rise in the 
market as a result o f  default risks. The existence o f  a risk premium implies an inefficient foreign exchange 
market.

- 1 8 9 -



The  i n e q u a l i t y  ( 5 . 1 . 7 )  s t a t es  t ha t  the  v a r i a n c e  o f  the  r i sk  

p r e m i u m  is g r e a t e r  t han  the v a r i a n c e  o f  the  e x p e c t e d  c ha ng e  in the  

n o m i n a l  e x c h a n g e  r a t e 77. E q u i v a l e n t l y ,  th i s  e x p r e s s i o n  a l so  s t a t es  

t h a t  the  e x i s t e n c e  o f  r i s k  p r e m i u m s  l eads  to a l a r ge r  v o l a t i l i t y  in the  

e x c h a n g e  r a t e  t han  the  v o l a t i l i t y  d e t e r m i n e d  s o l e l y  by e c o n o m i c  

f u n d a m e n t a l s 78. In c o n c l u s i o n ,  e x c e s s i v e  l e ve l s  o f  f o re i g n  

i n d e b t e d n e s s  l ead to the  r i sk  p r e m i u m  c o m p o n e n t  i n c r e a s i n g ,  

c o n s t r a i n i n g  c r e d i t  i n f l o ws  and c a u s i n g  the  e x c h a n g e  ra t e  to be more  

vo l a t i l e .

The  a bove  a r g u m e n t s  a l l ow d e r i v i n g  the  ma in  h y p o t h e s i s  

i n v e s t i g a t e d  in th i s  ch ap te r .  For  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  

w h i c h  are  no t  s u b j ec t  to c red i t  c o n s t r a i n t s  in the  i n t e r n a t i o n a l  

f i n a n c i a l  m a r k e t  and the  d e f a u l t  r i sk  is a l m o s t  n o n e x i s t e n t ,  f o r e i g n  

deb t s  are e x p e c t e d  to have  low i m p a c t s  on the  v a r i a n c e  o f  the  

e x c h a n g e  ra t e .  H o w e v e r ,  for  e m e r g i n g  m a r k e t  e c o n o m i e s  w h i c h  have  

u s u a l l y  a h ig h  l evel  o f  f o r e i g n  i n d e b t e d n e s s ,  huge  c r e d i t  c o n s t r a i n t s  

a s s o c i a t e d  to d e f a u l t  r i sks ,  f o r e i g n  deb t s  are  e x p e c t e d  to cause  

s i g n i f i c a n t  i m p a c t  on the  v a r i a n c e  o f  the  e x c h a n g e  ra t e .  As a 

c o r o l l a r y  f rom t he se  a r g u m e n t s ,  the  h y p o t h e s i s  o f  m o n e t a r y  p o l i c y  

i n t e r v e n t i o n s  to m i n i m i s e  e ve n t u a l  d e s t a b i l i s i n g  e f f e c t s  o f  fo r e i gn  

deb t s  on the  e x c h a n g e  r a t e  v a r i a t i o n  is a l so  t e s t ed .

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

77 Cespedes et al. (2004) developed a theoretical model in which they show that exchange rate shocks raise 
the country risk premium in financially vulnerable economies. This finding reinforces the argument that an 
increase in the risk premium may lead to more volatile exchange rates.
78 The forward exchange rate is determined by agents’ future expectations about economic fundamentals 
plus a volatile risk premium. The introduction o f a risk premium constitutes a disturbance and a violation of 
the efficient market hypothesis as expressed in (2.3) by a  *  0 .
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5.2 -  Data

The  da ta  are  c o l l e c t e d  f rom the I n t e r n a t i o n a l  F i na nc i a l  

S t a t i s t i c - I F S  p r o v i d e d  by  the I n t e r n a t i o n a l  M o n e t a r y  Fu n d  for  

q u a r t e r l y  da t a ,  and f r om the  Wo r l d  B an k  D a t a b a s e  for  y e a r l y  da ta  

and  f rom the  Cen t r a l  Bank  o f  each  c o u n t r y  for  the  da i l y  n o m i n a l  

e x c h a n g e  ra t e .  Th e y  c o n s i s t  o f  t i me  s er i es  o f  two d e v e l o p e d  m a r k e t  

c o u n t r i e s  ( A u s t r a l i a  and C a n a da )  and two e m e r g i n g  m a r k e t  c ou n t r i e s  

( M e x i c o  and T ur k e y) .  The  p e r i o d  o f  a n a l y s i s  e x t en d s  f rom 1980:1 to 

2 00 2 :1 .  The  e x c e p t i o n  is T u r k e y  for  w h i c h  the  p e r i o d  o f  a na l ys i s  

e x t e n d s  f rom 1987:1 to 2002:1  due  to da t a  a v a i l a b i l i t y .

Thi s  s tudy  c o n d u c t s  the  a n a l y s i s  p r i m a r i l y  by us ing  the 

q u a r t e r  by q u a r t e r  da i l y  v a r i a n c e  o f  the  n o m i n a l  e x c h a n g e  r a t e  (ner )  

a g a i n s t  the  US d o l l a r  to d e no te  the  e x c h a n g e  r a t e  v o l a t i l i t y ,  the  

r a t i o  o f  ne t  f o r e i g n  deb t  to GDP (ne t  f o r e i gn  d eb t  = g ros s  f o re i g n  

deb t  -  i n t e r n a t i o n a l  r e s e r v e s ) 79, the  r a t i o  o f  i n t e r n a t i o n a l  r e s e r v e  to 

GDP and  the  i n t e r e s t  r a t e  c ou n t r y  by  c ou n t r y .  The  q u a r t e r l y  

e x c h a n g e  r a t e  v o l a t i l i t y  is the  v a r i a n c e  o f  its da i l y  c lo se  v a l ue  

q u a r t e r  by q ua r t e r .  The  p r o c e s s  o f  e s t i m a t i o n  o f  the  ne t  f o r e i g n  deb t  

c o n s i s t s ,  i n i t i a l l y ,  o f  c a l c u l a t i n g  a p r o x y  for  the  g ros s  f o r e ig n  deb t  

by  u s in g  the  m e t h o d o l o g y  p r o p o s e d  by  Lane  and  F e r r e t t i  (1999) .  

Th e y  show a p r a c t i c a l  m e t h o d o l o g y  to c o n s t r u c t  e s t i m a t e s  o f  fo r e i gn  

a s s e t s  and l i a b i l i t i e s ,  e qu i t y  and deb t  s u b c o m p o n e n t s  for  66 

i n d u s t r i a l  and d e v e l o p i n g  c o u n t r i e s .  B as e d  on Lane  and  F e r r e t t i  

( 1 99 9) ,  the  e s t i m a t i o n  for  the  g ros s  f o re i g n  d e b t  c o n s i s t s  f i r s t l y  o f  

s u m m i n g  the  p o r t f o l i o  deb t  l i a b i l i t i e s  to b o r r o w i n g s  f rom the  IMF 

and  to e x c e p t i o n a l  f i n a n c i n g s  c o l l e c t e d  f rom the  b a l a n c e  of

79 In essence, the concept o f net foreign debts is used as a proxy to as d e s c r i b e d  in t he

p r e v i o u s  s e c t i o n .
0 Exceptional financing includes arrears on payment o f principal and interest on foreign liabilities, loans 

contracted for balance o f payment needs, debt reductions or forgiveness o f  debts. Although exceptional
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p a y m e n t s  da ta  a v a i l a b l e  in the  I FS / I MF.  N e x t ,  th i s  f low v a l ue  is 

s u m m e d  to the  f o r e i gn  d e b t ’s s t ock  v a l ue  o f  the  p r e v i o u s  year  

p r o v i d e d  by  the  Wo r l d  Bank  d a t a b a s e  and  so s u c c e s s i v e l y  yea r  on 

year .  F i n a l ly ,  the  ne t  f o r e i gn  deb t  is o b t a i n e d  by  s u b t r a c t i n g  the 

i n t e r n a t i o n a l  r e s e r v e s  b a l a n c e  f rom the g ros s  f o r e ig n  deb t  e s t i m a te s  

c a l c u l a t e d  p r e v i o u s l y .  The  i n t e r e s t  r a t e  is the  m o n e y  m a r k e t  ra t e  

wh i ch  is s u p p o s e d  to r e f l e c t  b e t t e r  the  l i q u i d i t y  c o n d i t i o n s  in the  

m o n e y  ma rk e t .  The  i n t e r n a t i o n a l  r e s e r v e s  da ta  and GDP are p r o v i d e d  

by  I F S / I MF .

S ec t i on  4 ma kes  use  o f  V A R  m o d e l l i n g  to t e s t  for  the  

e f f ec t s  o f  f o r e i gn  deb t s  on e x c h a n g e  ra t e  v o l a t i l i t y  and  e ven t ua l  

m o n e t a r y  i n t e r v e n t i o n s  in the  f o r e i gn  e x c h a n g e  ma rk e t .

5.3 -  E m p i r i c a l  Resu l t s

As m e n t i o n e d  ea r l i e r ,  the  h i gh  l eve l  o f  f o r e i gn  deb t  has

b e c o m e  an i m p o r t a n t  v a r i a b l e  in m a c r o e c o n o m i c  d e b a t e s  and  ma y

have  an i m p o r t a n t  ro l e  in e x p l a i n i n g  the  huge  v o l a t i l i t y  in e x c h a n ge

ra t e s .  VAR m o d e l l i n g  has  been  used  e x t e n s i v e l y  in the  e m p i r i c a l

m a c r o e c o n o m i c s  l i t e r a t u r e  by a s s u m i n g  s i m u l t a n e i t y  b e t w e e n  
• 8 1 *v a r i a b l e s  . Th i s  a p p r o a c h  is a p p l i e d  to th i s  c h a p t e r  to i n v e s t i g a t e  

the  a b i l i t y  o f  c h an g e s  in f o r e i gn  deb t s  to e xp l a i n  e x c h a n g e  ra t e  

v o l a t i l i t y  and v i c e - v e r s e * 81 82.

It is wo r t h  e m p h a s i s i n g  t ha t  the  m a in  o b j e c t i v e  o f  this  

i n v e s t i g a t i o n  is to a na l ys e  the  e c o n o m i c  s i g n i f i c a n c e  o f  the  

i n t e r r e l a t i o n s h i p s  a m on g  v a r i a b l e s  u n d e r  a n a l y s i s  in the  s tudy ,  and

financing is recorded below the line in the balance o f payment as a financing item, it is assumed as external 
liabilities in order to have a more accurate figure.
81 See the seminal work o f Sims (1980).
82 Enders (2004) states that it is convenient to use the same lag length for each variable in order to preserve 
the symmetry o f  the system and to obtain efficient estimates by OLS.
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no t  s i mp l y  to s e l e c t  m o d e l s  for  f o r e c a s t i n g  p u r p o s e s .  Th i s  means  

t ha t  da t a  s t a t i o n a r i t y  is an i m p o r t a n t  r e q u i r e m e n t  in i m p l e m e n t i n g  

th i s  type  o f  i n v e s t i g a t i o n .  Even  t h o u g h  some  i n f o r m a t i o n  c o n c e r n i n g  

l o n g - r u n  r e l a t i o n s h i p s  is w as t ed ,  a s u i t a b l e  d i f f e r e n c i n g  p r o c e s s  

ma y  be n e e d e d  in o r d e r  to mee t  the  s t a t i o n a r i t y  r e q u i r e d .  The  usua l  

ADF t e s t  is a t r a d i t i o n a l  tool  wh i c h  he l ps  to i d e n t i f y  the  i n t e g r a t i o n  

o r d e r  o f  the  v a r i a b l e s .  For  s i mp l i c i t y ,  the  m a x i m u m  n u m b e r  o f  l ags  

for  the  ADF t e s t  is f i xed  to t h r e e 83.

The  r e su l t s  are d i s p l a y e d  in T ab l e s  5.2 and 5.3 as

f o l l ows :

T ab l e  5.2 -  Un i t  Ro o t  Tes ts

V a r i a b l e s  in Leve l
Vner N d e b t / g d p IR r e s / gd p

Country L t -adf L t-adf L t-adf L t-adf
0 -15.6** 0 -1.34 0 -1.30 0 -2.54

Aust 1 -10 .67** 1 -1.27 1 -1.74 1 -1.91
2 -8 65** 2 -1.35 2 -2.17 2 -1.87
3 -7 9  3  * * 3 -1.44 3 -1.83 3 i OO 'sO

0 -6 28** 0 -1.37 0 i OC 0 -0.93
Can 1 -6 06** 1 -1.29 1 -1.58 1 -0.64

2 -4 3 2  * * 2 -1.209 2 -1.39 2 -0.52
3 -3 5 4 * * 3 -1.204 3 -1.79 3 -0.60
0 -7 62** 0 - 1.20 0 -2.25 0 - 2.10

Mex 1 -4 5 2  * * 1 -1.15 1 -1.95 1 -2.1 1
2 -3 y 5  * * 2 - 1.20 2 -1.40 2 -2.36
3 -3 73** 3 -1.15 3 -1.49 3 -2.31
0 -5 96** 0 -2.70 0 -4.25** 0 -4.25**

Turkey 1 -4 4 7 * * 1 -1.25 1 -4.93** 1 -3.14*
2 -3 6 8 ** 2 -1.26 2 -3.36* 2 -3.36*
3 -3 .07* 3 -1.30 3 -3.41* 3 -3.41 *

** 1% l e v e l  o f  s i g n i f i c a n c e  and * 5% l e v e l  o f  s i g n i f i c a n c e .

83 For the ADF test, the autoregressive lag k is selected from the range 0 < k < 8 plus a constant term by 
using a sequential t-test (at 5% level) for the significance of the coefficient on the longest lag. The tests 
revealed that k= 3 is, on average, the most appropriate.
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Ta bl e  5.3 -  Un i t  Root  Tes t s

V a r i a b l e s  in F i rs t  D i f f e r e n c e
Vner N d e b t / g d p IR r es /g d p

Country L t-adf L t-adf L t-adf L t-adf
0 0 -9.02** 0 -7.4 1 * * 0 -1 1.04**

Aust 1 stat ionary 1 -5.52** 1 -5.27** 1 - 6 .8 6 **
2 2 -4.39** 2 -4.96** 2 -5.33**
3 3 -3.72** 3 -4.68** 3 -4.08**
0 0 -6.73** 0 -9.68** 0

**kOo1

Can 1 stat ionary 1 -4.23** 1 -7.10** 1 -6.93**
2 2 -3.03* 2 -4.31** 2 _4.77**
3 3 -2.85 3 -4.28** 3 - 3 7 9 * *
0 0 -8.36** 0 -9.45** 0 -5.84**

Mex 1 stat ionary 1 -5.65** 1 - 8 .2 2 ** 1 -3.83**
2 2 -4.76** 2 -5.55** 2 -4.87**
3 3 - 3 7 3 * * 3 -4.75** 3 -4.83**
0 0 -1 1.04** 0 0

Turkey 1 stat ionary 1 -6.08** 1 s tat ionary 1 stat ionary2 2 -4.65** 2 2
3 3 -4_2l** 3 3

** 1% l e v e l  o f  s i g n i f i c a n c e  and * 5% l e v e l  o f  s i g n i f i c a n c e .

The  r e s u l t s  d e m o n s t r a t e  t ha t  the  e x c h a n g e  ra t e  v a r i a n ce  

( v o l a t i l i t y )  is s t a t i o n a r y  in l e ve l s  for  al l  c o u n t r i e s  in th i s  s ampl e .  

The  v a r i a b l e s  N d e b t / g d p ,  i n t e r e s t  r a t e  ( IR)  and r e s / g dp  are 

i n t e g r a t e d  o f  o r d e r  one ,  1(1),  for  all c o u n t r i e s  e x c e p t  T u r k ey .  For  

T u r k e y  the i n t e r e s t  r a t e  ( IR)  and r e s / g d p  are  1(0).  So the  e mp i r i c a l  

a n a l y s i s  uses  the  e x c h a n g e  ra t e  v a r i a n c e ,  the  i n t e r e s t  r a t e  and 

r e s / g dp  in l eve l s  for  T u r k ey .  The  o t h e r  v a r i a b l e s  are  in f i r s t  

d i f f e r e n c e s .

As a VA R mo d e l ,  in ge ne r a l ,  g e n e r a t e s  a h i gh  loss  o f  

d e g r e es  o f  f r ee d om  the  more  v a r i a b l e s  are  i n c l u d e d  in the  mo d e l ,  it 

is r e c o m m e n d e d  to f ix p a r s i m o n i o u s l y  t he  lag l en g t h .  The  e m p i r i c a l  

l i t e r a t u r e  s u g g es t s  a t yp i ca l  p r o c e d u r e  for  da t a  in q u a r t e r l y  

p e r i o d i c i t y  w h i c h  c o n s i s t s  o f  b e g i n n i n g  f rom a m o d e l  wi t h  12 lags  

and  g r a d u a l l y  r e d u c i n g  the  lag o rd e r  by a p p l y i n g  a l i k e l i h o o d  ra t i o
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84 2t e s t  . A c c o r d i n g  to E n d e r s  ( 2004) ,  th i s  t e s t  has  an a s y m p t o t i c  % 

d i s t r i b u t i o n  wi t h  d e g r e es  o f  f r ee d om  equa l  to the  n u m b e r  o f  

r e s t r i c t i o n s  in the  s ys t e m.  Gi ve n  a s u i t a b l e  s i g n i f i c a n c e  l eve l ,  the  

nul l  h y p o t h e s i s  o f  a l o w e r  lag l en g t h  is a c c e p t e d  i f  the  c a l c u l a t e d  

v a l ue  is l e ss  then  the c r i t i c a l  j 2 s t a t i s t i c .  The  t e s t s  are a p p l i e d  

f i r s t l y  to a t w o - v e c t o r  VAR ( V n e r  x N d e b e t / g d p )  and n e x t  a p p l i e d  to 

a t h r e e - v e c t o r  VA R ( V n e r  x N d e b t / g d p  x IR or  r e s / g dp ) .  A l t h o u g h  

not  r e p o r t e d ,  the  r e s u l t s  r e ve a l  t ha t  a 6 th o r d e r  V AR d o m i n a t e s  a 

12 th o r d e r  V A R  and a 3 rd o r d e r  V AR d o m i n a t e s  a 6 th o rd e r  V AR for  

al l  c o u n t r i e s  w i t h o u t  a s i g n i f i c a n t  loss  o f  e x p l a n a t o r y  p o we r .  He nce ,  

the  m o de l s  e s t i m a t e d  in th i s  s t udy  f o l l o w  a 3 rd o r d e r  V A R 84 85.

Two s t r u c tu r a l  m o d e l s ,  and t he i r  r e s p e c t i v e  r e d u c ed  

f o r ms ,  are  i n v e s t i g a t e d .  The  f i r s t  one ,  s t r u c t u r a l  mode l  I, is a two 

v e c t o r  V A R  ma d e  up o f  e x c h a n g e  ra t e  v o l a t i l i t y  ( V , )  and the r a t i o  o f  

ne t  f o r e i gn  d eb t  to GDP ( D ,)■ The  s e c o n d  one ,  s t r u c t u r a l  m o d e l  II, 

is a t h r ee  v e c t o r  VAR made  up o f  e x c h a n g e  r a t e  v o l a t i l i t y ,  the  r a t i o  

o f  ne t  fo re i g n  deb t  to GDP and the i n t e r e s t  r a t e  or  i n t e r n a t i o n a l  

r e s e r v e s  ( Z , ) •

The  s t ru c t u r a l  Mode l  I is as fo l l ows :

3 3
V, = aw-<t>n(Q)D,+ u(k)D,-k + e vl

k =1 k =1

(5 . 3 . 1 )
3 3

A  = « 20“  P 21(0)V, + X  P 2x{k)Vt-k + X  0 2 2(k)Dt-k + £dt
k =1 k —\

84 The likelihood ratio test is defined by the following expression: (T —c)(log|2]r| —| ^ u|) where T = 
number of observations , c = number of parameters estimated in each equation of the restricted system, and 
log|En| = natural log of the determinant of the variance/covariance matrix of the restricted and 
unrestricted models, respectively.
85 Note that dummy variables have also been included in the empirical model to capture the effect of 
outliers.
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An d  i ts m a t r i x  form is d e f i n e d  as:

1 t i2(0) «10

1 .A . _CC20_

I f  Hi
1 <pn{ 0)

ß 2m  i

Ei,
S Vt 

£ d t

, t hen ,

Z ß  (k) £ <t>u(k)4=1 11 4=1

i ß  (k) Z<t> (k)4=1 21 4=1 22

^0  =
aio
CC 20

A>k =

F,-4 + £ vi
_D,~k_ _£ dt _

3 3
£ / ?  (k) J .S n{k)4=1 11 4=1

i p  (k) i<f) (k)4=1 21 4=1 22

(5 . 3 . 2 )

X , = Ao+ £  A X ,-k + e, k = 1,2,3.4=1
(5 . 3 . 3 )

wh e re ,

Ao = H~' V o , Ak = H  ' A>k , e, = H~'e,

F r o m  (5 . 3 . 3 )  the  r e d u c e d  f o r m mode l  I can  be d e c o m p o s e d  in to  two 

s ing l e  e qu a t i on s :

V i -  aio + '^Jau(k)V,-k + ̂ riai2(k)D,-k + eu
4=1 4=1

D, -  a 2o + ' ^ a 2 \(k)V,-k + 'Y_la22(k)D,-k + e2,
4=1 4=1

wh er e ,

ei, = [ev,-(l>x2̂ ) E d] l [ \ - ß 2m n ^ ) ]  

e2i = [Edt- ß 2̂ ) s v] l [ \ - ß 2m n ( Q ) ]

(5 . 3 . 4 )

(5 . 3 . 5 )
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The  s t r u c tu r a l  mode l  II can a l so be d e r iv e d  as:

V, = a  ,o ■- 0I2(O)£>, -  0 13(O )z , + X  ß uik)V,-k + X  t u  (*) D,-k + X  r , 3(*)Z,_* + £v
*=1 *=1 *=1

D, = a io -  t 2i(0)V, ~ <t>2i(0)z, + Xß 2l(k)V,-k + X<t>2i( * )  A - *  + XM ^ Z . - k  + s dl ( 5 . 3 . 6 )
*=1 *=1 *=1

Z i = a 3 o -^ 31(°)l/ --^32(0)A  + X>3,(*)K,-* + X>32 W D -k  + l l t  3 2(k)z,-k + Sz
k=1 A=1 A=1

A nd  f o l l o w i n g  the  same  s t eps  as b e f o r e ,  the  f o l l o w i n g  

r e p r e s e n t a t i o n  is o b t a i ne d :

y, = 50 + 5 * 2  7,-it + e, * = 1,2,3. (5 . 3 . 7 )*=1

wh er e ,

5o = / T 1 T/0, B k = H~' TT , e, = H~ e ,

The  r e d u c e d - f o r m  mode l  II is t hen  d e r i v e d  f r om (5 . 3 . 7 ) :

V i -  6io + X  ö.i(*)Ff_A + X  bn(k)D,-k + X  + e„
k =1 *=1 *=1

A  -  ¿20 + X b2\{k)Vt-k + X b22(k)D,-k + X b22{k)z,-k + e2, ( 5 . 3 . 8 )
k=\ k =1 *=I

3 3 3
Z, = ¿30 + X  b*\(k)V t-k + X  b?,2(k)Dt-k + X  ¿toWZr-* + e3r

*=i *=i *=i
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wh er e ,

Cl t [& vt ( Q ) S d t  Y \ 2 $ ) £ z t \ ! ^

e2l = [sdl~ fi2l(0)£„ -  y2i(0)£zl]/A ( 5 . 3 . 9 )

e3, = [ £ z , -  /?3,(°)f w ~ f i n k e d , ] / A

a = [ i+ m o )r23 w 3,(0)+ p2m M r M  - -  p2m ^ ) - ^ ) Y M \

F r o m  (5 . 3 . 5 )  and ( 5 . 3 . 9 ) ,  it is p o s s i b l e  to c o n c l u d e  t ha t  

the  e r r o r  t e r ms  eu , e2, and g3, are  c o m p o s i t e s  o f  the  u n d e r l y i n g

p r i m i t i v e  e r ro r s  £vl , £dt and £zl , r e s p e c t i v e l y .  The  f o r e c a s t  e r ro r  

t e r ms  p r o d u c e d  by  the  r e d u c e d - f o r m  m o d e l  need  to be d e c o m p o s e d  

in to  t he i r  s t ru c t u r a l  fo r ms  to a l l ow an a p p r o p r i a t e  e c o n o m i c  

i n t e r p r e t a t i o n .  A l t h o u g h  the t r a d i t i o n a l  l i t e r a t u r e  s t a t es  t ha t  

C h o l e s k i  d e c o m p o s i t i o n  is dev o i d ,  in g e n e r a l ,  o f  any p a r t i c u l a r  

e c o n o m i c  i n t e r p r e t a t i o n  by i m p o s i n g  r a n d o m  r e s t r i c t i o n s  ( see  

E n d e r s ,  200 4 ) ,  it,  in fact ,  f o r ce s  a p o t e n t i a l  and i m p o r t a n t  

a s y m m e t r y  to the  s y s t e m  tha t  ma y  h a ve  t h e o r e t i c a l  f o u n d a t i o n s 86. 

E s s e n t i a l l y ,  the  m e c h a n i c s  i n h e r e n t  to t h i s  m e t h o d  a l l ows  r e c o v e r i n g  

the s t ru c t u r a l  s hocks  £vl , £dt and £n f r om eu , e2t and e3, w i t h  the 

e c o n o m i c  s ense  d e t e r m i n e d  by the own r e s e a r c h e r .

86 Although other methods of errors decomposition could have been considered, the Cholesky 
decomposition is essentially simpler, allows for some economic rationale and meets the basic objectives of 
this investigation. Beveridge and Nelson (1981) decomposition, for instance, is based on a univariate 
model. Blanchard and Quah (1989) method, in turn, decompose the errors process into temporary and 
permanent shocks for a bivariate VAR. However, for a three variables VAR, as also considered in this 
study, Enders (2004) recommends that the application o f this method would be complex and might generate 
misleading interpretations in comparison to Cholesky.
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F o l l o w i n g  the  f o r m u l a  p r o p o s e d  by Sims  (1 9 8 6)  and 

B e r n a n k e  ( 1 9 8 6 ) 87 the  s t ru c t u r a l  mode l  I in (5 . 3 . 1 )  can be i d e n t i f i e d  

by  i m p o s i n g  one  r e s t r i c t i o n  and the s t ru c t u r a l  m o d e l  II in (5 . 3 . 6 )  

can  be r e c o v e r e d  by  i m p o s i n g  th r ee  r e s t r i c t i o n s .  For  the  s t r u c t u r a l  

m o d e l  I in ( 5 . 3 . 1 ) ,  f i r s t l y ,  it  is a s s u m e d  tha t  the  r a t i o  o f  ne t  f o r e i gn  

deb t  to GDP has  c o n t e m p o r a n e o u s  e f f e c t s  on e x c h a n g e  ra te

v o l a t i l i t y  due  to the  i n c r e as e  in d e f a u l t  r i sks ,  bu t  e x c h a n g e  ra t e  

v o l a t i l i t y  does  not  h a ve  c o n t e m p o r a n e o u s  e f f e c t s  on t ha t  r a t i o  so 

t ha t  ei , = £dt and /?21(0) = 0 in ( 5 . 3 . 1) .  C o r p o r a t e  f i n a n c i a l  r e su l t s  

( b a l a n c e  s hee t  e f f ec t s )  are on l y  a f f e c t e d  a f t e r  a l ag  p e r i o d  in the 

case  o f  an e x c h a n g e  r a t e  shock ,  w h e r e a s  e x c h a n g e  ra t e  v o l a t i l i t y  is 

a f f e c t e d  c o n t e m p o r a n e o u s l y  by  a deb t  shock .  S i m i l a r  r e a s o n i n g  can 

a l so  be a pp l i e d  to s t ru c t u r a l  m o d e l  II in (5 . 3 . 6 )  w h i c h  i n c l u d e s  the

i n t e r e s t  r a t e  or  i n t e r n a t i o n a l  r e s e r v e s  to f o r m a t h r e e  v e c t o r  VAR.

The  same  as in ( 5 . 3 . 1 ) ,  once  aga i n  /?21(0) = 0 in ( 5 . 3 . 6 )  as Dt in

(5 .3 .6 )  is no t  a f f e c t e d  by  c o n t e m p o r a n e o u s  e x c h a n g e  r a t e  shocks .  

F u r t h e r m o r e ,  the  m o n e t a r y  a u t h o r i t i e s  do not  r e ac t

c o n t e m p o r a n e o u s l y  to s t a b i l i s e  the  e x c h a n g e  r a t e  v o l a t i l i t y  as it 

t akes  some  t i me  to r e a l i s e  w ha t  is r e a l l y  h a p p e n i n g  in the  m a r k e t  

b e f o r e  i n t e r v e n i n g .  I f  t h e r e  is a t i me  lag for  a m o n e t a r y  

i n t e r v e n t i o n ,  t hen  the  z t in (5 . 3 . 6 )  is o n l y  a f f e c t e d  by  l a gg ed  

e x c h a n g e  r a t e  s hocks  so t ha t  /?3I(0) = 0. F i n a l l y ,  D, in ( 5 . 3 . 6 )  is not  

i n f l u e n c e d  by  m o n e t a r y  i n t e r v e n t i o n  s ho ck s  as b a l a n c e  s hee t  e f f ec t s  

are a l o n g - r u n  p h e n o m e n o n  and y23(0) = 0. Thus ,  the  t h r ee  r e s t r i c t i o n s  

a s s u m e d  for  s t ru c t u r a l  mode l  II in (4 .6 )  are /?21(0) = 0, /?31(0) = 0 and 

y 23(°) = 0 .

87 Sims (1986) and Bemanke (1986) suggest the formula (n~ —ri) / 2 to impose restrictions on the 
structural model where n is the unknown estimates in the matrix H. Note, nevertheless, that due to non
linear relationships in the system, this is considered a necessary condition, but not sufficient, for the exact 
identification.
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G i v e n  e x p r e s s i o n s  ( 5 . 3 . 5 ) ,  ( 5 .3 . 9 ) ,  and b a s e d  on the 

r e s t r i c t i o n s  by  a C h o l e s k i  d e c o m p o s i t i o n ,  the  s t ru c t u r a l  e r ro r s  o f  

s t ru c t u r a l  m o d e l  I and  s t r u c t u r a l  mode l  II can be r e c o v e r e d  f r om the 

r e p r e s e n t a t i o n s  ( 5 . 3 .1 0 )  and ( 5 . 3 . 11 ) ,  r e s p e c t i v e l y 88.

The  s t r u c t u r a l  e r ro r s  o f  m o de l  I are:

Svt = e\t + (¡>vJS>)e2t

£  dt £2:

as /?21(0) = 0 .

( 5 .3 . 1 0 )

F i n a l l y ,  the  s t ru c t u r a l  e r ro r s  o f  m o d e l  II are:

Svt ~ eu + 0i2(O)e2i + Yi3(°)[e3< + ^ 2(° )e 2<]

S d t  £ 2 1 ( 5 . 3 . 1 1 )

£a ~ £3, + <t>32(tye21

so tha t ,

a = [i+MQ)r„(0)fi„(0) + /32,m „ (0 )ro(0) - &,( o)r„(0) -

A = l,  as p u{0) = 0, ^ 3I(0) = 0 and  y23(0) = 0.

Note that the structural errors are recovered from the following representation in matrix form: 

Eee= E H ~ lee ( / T 1) = H~xEe8 (H~]1) , such that Eee = Z c is the variance/covariance of the 

regression errors and E££ = is the variance/covariance matrix of the structural errors. Thus,

E££ = HE££ H  or = HYLeH  . E££ = is a symmetric matrix.
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A v e c t o r  m o v i n g  a v e r a g e - V M A  can  al so be d e r i v e d  f rom

( 5 . 3 . 3 )  and (5 . 3 . 8 ) .  By i t e r a t i n g  b a c k w a r d s  for  the  r e d u c e d - f o r m s

(5 . 3 . 3 )  and ( 5 . 3 . 8 ) ,  the  f o l l o w i n g  v e c t o r  m o v i n g  a v e r a ge  (VMA)  

r e p r e s e n t a t i o n s  b a s e d  on r e g r e s s i o n  e r ro r s  emer ge :
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The V MA mode l  I in m a t r i x  f o r m  is d e f i n e d  as:

V t CO
+ y

'a ,Ik )  an(k) ~f eu-k
Dt_ ¿-ak=1_Ch\(k) dn(k)_

( 5 . 3 . 1 2 )

The  V M A  m o d e l  II in m a t r i x  f o r m is d e f i n e d  as:

vt' 00 bu(k) bn(k) bu{k)
k

eu-k
D, = D, buik) bu{k) b23(k) eit-k
Z,_ _z,_

k=1
bu(.k) bn(k) b^(k) eu-k_

N o n e t h e l e s s ,  the  {ei(} s e q u e n c e s  in ( 5 . 3 . 1 2 )  and ( 5 .3 . 13 ) ,  

i = (Vt,Dt,Z t) , are  c o m p o s i t e s  o f  s t ru c t u r a l  s hocks  £i( d e f i n e d  as in

( 5 . 3 . 4 )  and in ( 5 . 3 . 9 ) ,  r e s p e c t i v e l y ,  and r e g r e s s i o n  e r ro r s  

e x p r e s s i o n s  in ma t r i x  fo rm can be d e r i ved .

Fr om ( 5 . 3 . 4 )  the  e x p r e s s i o n  for  r e g r e s s i o n  e r r o r s  for  the  m o d e l  I in 

m a t r i x  fo rm is as fo l l ows :
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eu
ei,

[1/ 1- / ? 21(O)012(O)]
1 - * M ~ £ vt

. - P M l £ dt _
( 5 .3 . 1 4 )

F r om ( 5 . 3 . 9 )  the  e x p r e s s i o n  for  r e g r e s s i o n  e r r o r s  for  the  m o d e l  II in 

m a t r i x  fo rm is as f o l l ows :

eu
ei,
eu

1 -4>M - yM  ~ £ vt
[l/A] - P M l - r M £dt

. - P M -4>M i _£a_

( 5 .3 . 1 5 )

By s u b s t i t u t i n g  ( 5 . 3 .1 4 )  in to  ( 5 . 3 . 1 2 )  and ( 5 . 3 . 1 5 )  into

( 5 . 3 . 1 3 ) ,  the  s t r u c t u r a l  v e c t o r  m o v i n g  a v e r a g e  r e p r e s e n t a t i o n s  

e me r ge  for  the  mode l  I and the  mode l  II, r e s p e c t i v e l y :

V — ~vi 00
+ y

6u(k) 0n(k) £ vt-k
D t_ .D t. k=\ On(k) d2i(k)_ _£ dt-k _

( 5 . 3 . 1 6 )

w he r e 3  = [ ^ 7 i - / ? 21m 2(0)]
1

- P M
- M  o)

i

V,' ~v,~ 00 S\\(k) 5n{k) d u{k)
k

£ vt-k
D, = Dt +[i/a]E 8 21( )̂ Snik) 8 23(k) £ dt-k
Z, Z , .

k=\
(k) 8n{k) <533(^)_ £ zt-k _
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w he r e S,=[Bk/A]

1 0) 

- / ?2.(0) 1 
-^3,(0) -i*32(0)

-7,3(0) 
- r 23(0) 

l

B a s e d  on f o r e c a s t  e r r o r  v a r i a n c e  d e c o m p o s i t i o n s ,  the  

s t ru c t u r a l  V MA st i l l  a l l ows  for  e x p r e s s i o n s  wh i ch  de no te  i m p a c t s  o f  

a v a r i a b l e  s ho ck  on i ts own v a r i a n c e  and on the v a r i a n c e  o f  a n o t h e r  

v a r i a b l e .  By t a k i n g  the  s qua r e  o f  the  f o r e c a s t  e r ro r  

[ (X l+k- E X t+k)2 and (Yl+k - EYl+k )2] for  each  v e c t o r  in ( 5 .3 . 1 6 )  and in

( 4 . 17 ) ,  the  f o l l o w i n g  e x p r e s s i o n s  can be d e r i v e d  for  bo t h  s t r u c t u r a l  

mo de l s :

[ ^ ( D ) '+ i y i ) ! + " '+ 0 ,2(5)1] 3

( 5 .3 . 1 9 )

( 5 .3 . 2 0 )

o- ; [ ^ 2(0)2+ ^ 2(1)2+... + ̂ 2(5)2] 

<a (6)2

°~v [<921(0)2 +^2,(1)2 +--. + <921(5)2]

°d (6)2

The  e x p r e s s i o n s  ( 5 . 3 . 18 ) ,  ( 5 . 3 . 1 9 )  d e n o t e ,  r e s p e c t i v e l y ,  

the  p r o p o r t i o n a l  i m p a c t  o f  a f o r e i gn  d e b t / G D P  (d ) s ho ck  on the 

e x c h a n g e  r a t e  (v) v a r i a n c e  and on i n t e r e s t  r a t e / i n t e r n a t i o n a l  r e s e r v e s  

(z) v a r i a n c e  for  a s i x - q u a r t e r  t i me  h o r i z on .  The  ( 5 . 3 . 2 0 )  e x p r e s s i o n  

d e n o t e s ,  in tu rn ,  the  p r o p o r t i o n  o f  an e x c h a n g e  r a t e  (v) s ho ck  on 

f o r e i g n  d e b t / G D P  ( d ) v a r i a nc e .  No te ,  in a d d i t i o n ,  t h a t  the  

e x p r e s s i o n s  ( 5 . 3 . 18 ) ,  ( 5 . 3 . 19 )  and ( 5 .3 . 2 0 )  e nab l e  the  i n v e s t i g a t i o n  

o f  the  t h r ee  ma i n  h y p o t h e s e s  o f  t h i s  c hap t e r :  ( 1) the  e f f e c t  o f  

i n c r e a s i n g  r i sk s  due  to h igh  l eve l s  o f  fo r e i g n  deb t  on the  fo r e i gn
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e x c h a n g e  m a rk e t ,  ( 2 ) s p i l l o v e r  e f f e c t s  g e n e r a t e d  by m o n e t a r y  

a u t h o r i t y  i n t e r v e n t i o n s ,  and (3) the  p o s s i b i l i t y  o f  b a l a n c e  shee t  

c h a n g e s  t a k in g  p l ace .

a u t h o r i t y  i n t e r v e n t i o n s  f o l l o w i n g  e x c h a n g e  r a t e  s ho ck s  can be 

a n a l y s e d  by e x p r e s s i o n  ( 5 . 3 .2 1 )  as fo l l ows :

t oo l s  to co n t r o l  e v e n t u a l  i n s t a b i l i t i e s  in the  f o r e i g n  e xch a ng e  

m a rk e t .  Th i s  p o l i c y  b e c o m e s  e v id e n t  by  o b s e r v i n g  e i t h e r  a more  

v o l a t i l e  i n t e r e s t  r a te  ( i r)  or  i n t e r n a t i o n a l  r e s e r v e s  ( res )  or  bo t h  in 

the  case  o f  t u r b u l e n c e  in e x c h a n g e  ra t es .

T a b l e s  5.4 and 5.5 d i s p l a y  the  c o m p u t a t i o n s  o f  v a r i a n ce  

d e c o m p o s i t i o n s  b a s e d  on ( 5 . 3 .1 8 )  and on ( 5 . 3 . 1 9 )  f rom the  two

F i n a l l y ,  a f u r t h e r  h y p o t h e s i s ,  the  i m p a c t  o f  m o n e t a r y

( 5 .3 . 2 1 )

B a s i c a l l y ,  ( 5 . 3 . 2 1 )  r e f l e c t s  the  use  o f  m o n e t a r y  p o l i c y

VARs :
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Ta bl e  5.4 -  P e r c e n t a g e  a c c o u n t e d  for by F o r e i g n  De bt  Sh ock s
- I n d u s t r i a l i s e d  M a r k e t  E c o n o m i e s  -

H o r i z o n

A u s t r a l i a C a n a d a

M o d e l  I M o d e l  I I M o d e l  I M o d e l  I I

V* V * i r r e s V * V* i r r e s

0 0.35 1.12 0.00 0.00 0.08 0 . 078 0. 00 0.00
1 9.49 1 1.6 0.12 0.05 0.14 0 . 078 0.41 0.11
2 9.99 12.1 1.95 1.82 0.31 0.37 0.99 0.14
3 13.8 15.1 1.89 1.82 1.33 1 .70 5.98 2. 06
4 14.5 17.1 1.91 2.01 1.62 1 .75 5.98 2.18
5 15.0 17.1 1.90 1.99 1 .62 1 .77 5.97 2. 20
6 15.7 17.7 1.89 2.05 1.82 1 .94 6.46 2.45

* v : n o m i n a l  e x c h a n g e  r a t e .

Ta bl e  5.5 -  P e r c e n t a g e  a c c o u n t e d  for  by F o r e i g n  D e b t  Sh o ck s
- E m e r g i n g  M a r k e t  E c o n o m i e s  -

H o r i z o n

M e x i c o T u r k e y

M o d e l  I M o d e l  I I M o d e l  I M o d e l  I I

V* V * i r r e s V* V * i r r e s

0 8.62 8.71 0.00 0.00 0 . 014 0 . 019 0. 00 0. 00
1 20.4 19.0 0.08 0.06 1.34 3.52 2.93 8.83
2 20.6 18.7 1.83 2.98 2 . 00 3.37 2.92 13.4
3 20.7 1 8.4 5.06 18.6 2.50 3.67 6.89 15.9
4 22.0 19.5 5.98 18.1 2.92 4.43 6.82 15.8
5 22.1 20. 0 6.06 19.1 2.94 4. 72 6.82 15.9
6 22.1 20.1 6.11 19.2 2.96 4.71 6.8 15.9

* v : n o m i n a l  e x c h a n g e  rat e  v o l a t i l i t y .

T a b l e s  5.6 and 5.7 d e m o n s t r a t e  the  e f f ec t  o f  an e xc ha n ge  

r a t e  s h oc k  on the  r a t i o  o f  ne t  f o r e i gn  d e b t  to GDP {debt ) ,  on the  

i n t e r e s t  r a te  ( i r)  and on i n t e r n a t i o n a l  r e s e r v e s  {res)  in a c c o r d a n c e  

wi t h  ( 5 . 3 . 2 0 )  and ( 5 . 3 . 21 ) ,  r e s p e c t i v e l y :

- 2 0 5  -



Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

Ta bl e  5.6 -  P e r c e n t a g e  a c c o u n t e d  for by ER V o l a t i l i t y  Shocks  
- I n d u s t r i a l i s e d  M a r k e t  E c o n o m i e s  -

H o r i z o n

A u s t r a l i a C a n a d a

M o d e l  I M o d e l  I I M o d e l  I M o d e l  I I

d e b t d e b t i r r e s d e b t d e b t i r r e s

0 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00
1 0.01 0.03 2.81 1.26 0.01 0 . 002 0.02 0.32
2 1.33 2.03 2.95 1.09 0.02 0.03 0.18 2 . 10
3 1.88 2. 37 3.14 2.91 1.58 1.47 0.35 8.03
4 2.17 2.49 2.88 2.72 2.17 2.16 0.39 8.33
5 2.48 2.83 2.91 2 . 80 2.24 2.20 0.40 8.23
6 2.64 3.00 2.78 2.73 2.64 2.67 0.46 8.44

T ab l e  5.7 -  P e r c e n t a g e  a c c o u n t e d  for by ER V o l a t i l i t y  Sh ock s
- E m e r g i n g  M a r k e t  E c o n o m i e s  -

H o r i z o n

M e x i c o T u r k e y

M o d e l  I M o d e l  I I M o d e l  I M o d e l  I I

d e b t d e b t i r r e s d e b t d e b t i r r e s

0 0.00 0.00 0.00 0.00 0 . 00 0.00 0.00 0.00
1 0.35 0.51 1.01 0.04 0.16 0.08 4. 00 0.38
2 0.38 0.53 1 .49 2.47 2.98 4.34 3.88 1.61
3 0.34 0.49 1.30 2.37 4.77 6.17 3.92 3.51
4 0.37 0.68 1 .30 2.46 5.48 7.00 3.82 3.51
5 0.38 0.68 1 .33 2.50 5.48 7.03 3.84 5.37
6 0.37 0.67 1 .32 2.46 5.48 7.01 3.83 5.54

For  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  t he  r e s u l t s  o f  the  

v a r i a n c e  d e c o m p o s i t i o n  r e ve a l  t ha t  a f o r e i g n  d eb t  s ho ck  s ee ms  to 

p r o d u c e  s i g n i f i c a n t  i m p a c t s  on the  e x c h a n g e  ra t e  v o l a t i l i t y  o n l y  in 

A u s t r a l i a  ( see  T a b l e  5 .4) .  In p a r t i c u l a r ,  the  e x c h a n g e  ra t e  v o l a t i l i t y  

in A u s t r a l i a  is s i g n i f i c a n t l y  m o r e  s e n s i t i v e  to a f o r e i g n  deb t  shock  

in c o m p a r i s o n  to C an a da .  In t e r ms  o f  p e r c e n t a g e s ,  T ab l e  5.4 s hows
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t ha t  t he  e x c h a n g e  r a t e  v o l a t i l i t y  in A u s t r a l i a  r e s p o n d s  by o v e r  10% 

to a fo re i g n  deb t  s ho ck  a f t e r  one t ime  p e r i o d ,  w h e r e a s  in Can a da  

th i s  p e r c e n t a g e  is s u b s t a n t i a l l y  lower .  M o r e o v e r ,  T ab l e  5.6 r evea l s  

t ha t  an e x c h a n g e  r a t e  v o l a t i l i t y  s ho ck  does  no t  s eem to spi l l  ove r  

s i g n i f i c a n t l y  to the  i n t e r e s t  r a te  and i n t e r n a t i o n a l  r e s e r v e s .  The 

i n t e r e s t  ra t e  and  i n t e r n a t i o n a l  r e s e r v e s  v o l a t i l i t y  do no t  g row at the  

same  p r o p o r t i o n  a f t e r  an e x c h a n g e  ra t e  v o l a t i l i t y  s ho ck  s u p p o s e d l y  

a t t r i b u t e d  to a f o r e i gn  d e b t  shock .  The  A u s t r a l i a n  m o n e t a r y  

a u t h o r i t i e s  s eem to a l l o w  the e x c h a n g e  r a t e  to f l u c t u a t e  mo r e  f r ee l y  

a v o i d i n g  f r e q u e n t  i n t e r v e n t i o n s  in the  f o r e i g n  e x c h a n g e  ma rk e t .  Thi s  

c o n c l u s i o n  me e t s  the  d e f i n i t i o n  o f  “b e n i g n  n e g l e c t ” e m p h a s i s e d  by 

H a u s m a n n  et al.  ( 2 0 0 1 ) 89. The  low e x c h a n g e  r a t e  v o l a t i l i t y  in 

C a n a d a  a f t e r  a f o r e i gn  deb t  s hock ,  in t urn ,  ma y  be e x p l a i n e d  by a 

mo r e  a c t i ve  m o n e t a r y  i n t e r v e n t i o n  p o l i c y  by  the  C a n a d i a n  

a u t h o r i t i e s  via  i n t e r n a t i o n a l  r e s e r v e s  ( see  T a b l e s  5.4 and  5 .6) .  Tab le  

5.6 s hows  t ha t  the  e x c h a n g e  ra t e  v o l a t i l i t y  s h oc k  is u s u a l l y  f o l l o w e d  

by an i n c r e a s e  in i n t e r n a t i o n a l  r e s e r v e s  v o l a t i l i t y  in Cana da .  

H o w e v e r ,  th i s  r e s u l t  is f r ag i l e  as it is not  p o s s i b l e  to e s t a b l i s h  a 

r o b u s t  r e l a t i o n s h i p  b e t w e e n  the  e x c h a n ge  ra t e  v o l a t i l i t y  and fo r e i g n  

deb t  s ho ck s  in Cana da .  T ab le  5.4 does  no t  show a s i g n i f i c a n t  i mp a c t  

o f  f o r e i g n  deb t  on e x c h a n g e  r a t e  v o l a t i l i t y  so t ha t  the  i n c r e a s e  in 

i n t e r n a t i o n a l  r e s e r v e s  v o l a t i l i t y  d i s p l a y e d  in T ab l e  5.6 c a n n o t  be 

n e c e s s a r i l y  a t t r i b u t e d  to a m o n e t a r y  i n t e r v e n t i o n .

The  f e e d b a c k  e f f e c t  d e t e r m i n e d  by  an e x c h a n g e  ra te  

s ho ck  on fo r e i g n  deb t s  does  not  a p p e a r  to have  s i g n i f i c a n t  r e l e v a n c e  

to s u p po r t  B e r n a n k e ,  et  al.  ( 1 9 9 9) ,  for  i n s t a n c e .  The  p e r c e n t a g e s  

fo u nd  are ve r y  low so t ha t  a p l a u s i b l e  h y p o t h e s i s  for  any  b a l a n c e  

s hee t  c h an g e  may  p e r h a p s  be a t t r i b u t e d  to some  c h a n g e s  in deb t

Essays on Exchange Rate Determination:
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89 See also Calvo and Reinhart (2001) for the same result for Australia.
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p o r t f o l i o  due  to an e x c h a n g e  r a t e  v o l a t i l i t y  s h o c k 90. It is a l so  wor t h  

h i g h l i g h t i n g  t ha t  the  i m p a c t  o f  a f o r e i g n  deb t  sh o ck  on e x c h a n g e  

r a t e  v o l a t i l i t y  o c cu r s  at l ea s t  a f t e r  one  t i me  p e r io d .  Th i s  r e su l t  

c o n f i r m s  the C h o l e s k i  d e c o m p o s i t i o n  h y p o t h e s e s  a s s u m e d  in the 

ch ap te r .

For  e m e r g i n g  m a r k e t  e c o n o m i e s ,  a f o r e i g n  d e b t  shock  

c a u s e s  a s t r o n g e r  i m p a c t  on e x c h a n g e  ra t e  v o l a t i l i t y  in M ex i c o  in 

c o m p a r i s o n  to T u r k e y  ( see  T ab le  5.5) .  Thi s  r e s u l t  ma y  be e x p l a i n e d  

by e x c h a n g e  ra t e  r e g i m e  d i f f e r e n c e s  a d o p t e d  by the c ou n t r i e s .  

T u r k e y  had  a f i xed  e x c h a n g e  r a t e  r e g i me  for  m o s t  o f  the  s amp l e  

p e r io d .  The  m a n a g e d  and  f ixed  e x c h a n g e  ra t e  r e g i m e  a d o p t e d  by 

b o t h  c o u n t r i e s  d u r i ng  p a r t  o f  the  s a m p l e  p e r i o d  i m p l i e d  n e c e s s a r i l y  

the  i n t e ns e  use  o f  i n t e r n a t i o n a l  r e s e r v e s  to o f f s e t  any e ve n t ua l  

e x c h a n g e  r a t e  t u r b u l e n c e .  A l t h o u g h  the r e su l t s  in T ab l e  5.7 are 

p a r t l y  s u p p o r t i v e  o f  an e x c h a n g e  ra t e  v o l a t i l i t y  s h oc k  s p i l l i n g  ove r  

s i g n i f i c a n t l y  on the i n t e r e s t  r a t e  or  i n t e r n a t i o n a l  r e s e r v e s ,  t he re  is a 

p o s s i b i l i t y  t ha t  the  i n c r e a s e  in i n t e r n a t i o n a l  r e s e r v e s  v o l a t i l i t y  in 

b o th  c o u n t r i e s  c omes  abou t  f rom an a c t i ve  i n t e r v e n t i o n  p o l i c y  o f  the  

m o n e t a r y  a u t h o r i t i e s  in the  f o r e i gn  e x c h a n g e  m a rk e t .  N o t e  t ha t  a 

f o r e i g n  deb t  s ho ck  a c c o u n t s  for  mo r e  than  15% o f  the  i n t e r n a t i o n a l  

r e s e r v e s  v o l a t i l i t y  in Me x i c o  and in T u r k e y  and  i n t e ns e  m o n e t a r y  

i n t e r v e n t i o n s  we re  r e q u i r e d  (see  T ab l e  5.5) .  F i n a l l y ,  the  r e s u l t s  a l so  

r e ve a l  some  e v i d e n c e  o f  e f f ec t s  o f  an e x c h a n g e  r a t e  s ho ck  on the 

r a t i o  o f  f o r e i g n  deb t  to GDP in T u r k e y  ( see  T a b l e  5.7) .  Thus ,  the  

p o s s i b i l i t y  o f  a b a l a n c e  s hee t  c han g e  t a k in g  p l a ce  via  c h a n g e s  in 

deb t  p o r t f o l i o s  s eems  to be mor e  e v id e n t  in T ur key .

In g e n e r a l ,  the  r e s u l t s  p r o d u c e d  by the  v a r i a nc e  

d e c o m p o s i t i o n  do r e v e a l  s up po r t  for  e f f e c t s  o f  f o r e i gn  deb t  on the  

e x c h a n g e  r a t e  v o l a t i l i t y .  H o w e v e r ,  the  v o l a t i l i t y  o f  the  r a t i o  o f  debt

90 In practice, the method used in this study does not allow us to measure currency mismatches and thus 
can only reach limited conclusions about balance sheet effects.
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to GDP s eems  to h a ve  a mo r e  s i g n i f i c a n t  i m p a c t  on e x c h a n g e  ra t e  

v o l a t i l i t y  in f i n a n c i a l l y  f r ag i l e ,  e m e r g i n g  m a r k e t  e c o n o m i e s .  The  

f e e d b a c k  e f f ec t s  d e n o t e d  by  b a l a n c e  s hee t  c h an g e s  do not  

d e m o n s t r a t e  s u b s t a n t i a l  ev i den c e .

The  V MA r e p r e s e n t a t i o n  as in ( 5 . 3 . 1 7 )  can a l so  be used  

to t r ac e  out  the  e f f e c t s  o f  s dt a n d f vl s ho ck s  on the e n t i r e  t i me  pa th

o f  the{v,},  [ d ] ,  {z,} s e q u e n c e s .  Each  e l e m e n t  </>0(k) in (5 . 3 . 17 )  

d e n o t e s  i m p a c t  m u l t i p l i e r s  t ha t  i n f o r m the  r e s p o n s e  o f  a o n e - u n i t  

c h an g e  o f  e it on the  {/,}. The  e n t i r e  set  o f  c o e f f i c i e n t s  in ( 5 .3 . 1 7 )  is 

c a l l ed  the  i m p u l s e  r e s p o n s e  f u n c t i o n  and  can be p l o t t e d  a g a i n s t  k  to 

d e r iv e  the  b e h a v i o u r  o f  the  {v,}, {c/,}, { z , }  s er i es  in r e s p o n s e  to 

s h o c k s 91.

F i g u r e s  5.2,  5.3 and F i gu r e s  5.4,  5.5 t r a ce  out  the  e f f ec t s  

o f  a £it s h oc k  on the t ime  pa th  o f  the{v,},  [ d ] ,  {z,} s e q u e n c e s  for

i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  and e m e r g i n g  m a r k e t  e c o n o m i e s  

r e s p e c t i v e l y  for  a f o r ty  f ive  q u a r t e r s - t i m e  h o r i z o n  in the  h o r i z o n t a l  

a x i s .
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F i g u r e  5.2 -  R e s p o n s e s  to gd, and£-v( Shocks  ( A u s t r a l i a )

Essays on Exchange Rate Determination:
An Analysis of Industrialised and Emerging Markets

F i g u r e  5.3 -  R e s p o n s e s  to gdt and  gvl Shocks  ( C a n a d a )
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F i g u r e  5.4 -  R e s p o n s e s  to e dt and^,,  Sh ock s  ( M e x i c o )

20 40 60 80 0 20 40 60 80

1 DNdebt/gdp (Vner eqn) | (d)

20 40 60 80

F i g ur e  5.5 -  R e sp o n s e s  to s dt and £v, Shocks  ( T u r k e y )
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The  e x c h a n g e  ra t e  v o l a t i l i t y  in A u s t r a l i a  r e s p o n d s  to a 

f o r e i gn  deb t  s ho ck  a f t e r  one  q u a r t e r  by i n i t i a l l y  s h o wi n g  a v o l a t i l i t y  

d e c l i n e  (see  F i gu re  5 .2a ) ;  t hen  the v o l a t i l i t y  in the  e x c h a n g e  ra t e  

t ends  to i n c r e a s e  a f t e r  the  s ec o nd  q ua r t e r .  F r om the n i n t h  q u a r t e r  

o n w a r d s  a s t a b i l i s i n g  b e h a v i o u r  t akes  p l ace  as a r e s u l t  o f  

s u p p o s e d l y  l a g ge d  e f f ec t s  o f  i n t e r e s t  r a t e s  ( see  F i g u r e  5 .2b)  and 

some  i m p a c t s  f rom i n t e r n a t i o n a l  r e s e r v e s  ( see  F i gu r e  5 .2c ) .  In 

p a r t i c u l a r ,  the  i m p u l s e  r e s p o n s e  f u n c t i o n s  d e m o n s t r a t e  e v i d e n c e  o f  a 

f o r e i g n  deb t  s h oc k  g e n e r a t i n g  l a g g e d  v o l a t i l i t y  in the  e x c h a n g e  ra t e ,  

bu t  m o n e t a r y  i n t e r v e n t i o n s  d e n o t e d  by s ho ck s  on i n t e r e s t  r a t e s  ca l m 

down  the f o r e i gn  e x c h a n g e  m a r k e t  f rom the  n i n t h  q u a r t e r  o n w a r d s 92. 

The  s ho ck s  on fo r e i g n  deb t s  seem to show a s i m i l a r  b e h a v i o u r  in 

c o m p a r i s o n  to e x c h a n g e  ra t e  v o l a t i l i t y  a f t e r  a o n e - u n i t  e x c h a n ge  

ra t e  v o l a t i l i t y  s hock ,  bu t  the  i m p a c t  on f o r e i gn  d e b t  t ends  to l a s t  a 

l i t t l e  s h o r t e r  as the  s t a b i l i s a t i o n  c omes  a f t e r  the  s ix th  q ua r t e r .  Deb t  

p o r t f o l i o  a d j u s t m e n t s  may  be t a k in g  p l a c e  ove r  the  p e r i o d  (see  

F i g u r e  5 .2d) .

The  i m p u l s e  r e s p o n s e  f u n c t i o n s  for  C a n a d a  d e m o n s t r a t e  

t ha t  f o r e i g n  deb t s  p r o d u c e  i m p a c t s  on e x c h a n g e  ra t e  v o l a t i l i t y  a f t e r  

one  p e r i o d  ( see  F i gu r e  5 .3a ) .  T he se  e f f ec t s  s eem to l a s t  for  more  

t han  n ine  q u a r t e r s  and the  e x c h a n g e  r a t e  v o l a t i l i t y  t e nd s  to s t ab i l i s e  

as a r e su l t  o f  l a g g e d  e f f e c t s  o f  i n t e r n a t i o n a l  r e s e r v e s .  F i gu r e  5.3c 

s ho ws  the i m p a c t  on i n t e r n a t i o n a l  r e s e r v e s  f r om the e x c h a n g e  ra t e  

v o l a t i l i t y  t ha t  may  be a s s o c i a t e d  wi t h  a m o n e t a r y  i n t e r v e n t i o n  

po l i c y .  N e v e r t h e l e s s ,  F i gu re  5 .3b r e ve a l s  t ha t  the  i n t e r e s t  r a t e  s eems  

to be one o f  t he  m o n e t a r y  i n t e r v e n t i o n  t oo l s  as t he re  is an i n c r ea s e  

in its l eve l  a f t e r  the  s e c o n d  qu a r t e r .  The  f o r e ig n  deb t  is a f f e c t e d  by 

the e x c h a n g e  r a t e  v o l a t i l i t y  a f t e r  the  s e c on d  q u a r t e r  and it may
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d e m o n s t r a t e  some  e v i d e n c e  o f  deb t  p o r t f o l i o  c h an g e s  by f i r ms  (see  

F i g u r e  5 .3d) .

The  i m p a c t  o f  fo r e i g n  deb t s  on the  e x c h a n g e  ra te

v o l a t i l i t y  in M e x i c o ,  in t urn ,  is mor e  l a s t i n g  and  s i g n i f i c a n t  in 

c o m p a r i s o n  to i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s .  The  e x c h a n g e  ra t e  

v o l a t i l i t y  is i n c r e a s e d  a f t e r  the  f i r s t  q u a r t e r  and r e m a i n s  u n s t a b l e  

un t i l  the 17 th q u a r t e r  ( see  F i gu r e  5 .4a ) .  Th i s  l o n g e r  t ime  h o r i z o n  

ma y  be  a r e s u l t  o f  f i n a n c i a l  f r ag i l i t i e s  f r e q u e n t l y  a s s o c i a t e d  wi th  an 

e m e r g i n g  m a r k e t  e c o n o m y  a l on g  wi t h  the  c o n s t r a i n t s  i m p o s e d  by  

i n t e r n a t i o n a l  c r e d i t  m a r k e t s .  F i gu r e s  5.4b and 5.4c  p r o v i d e  e v i d e nc e  

o f  l a s t i n g  i n c r e a s e s  in v a r i a t i o n s  for  i n t e r e s t  r a t e s  and i n t e r n a t i o n a l  

r e s e r v e s  w h i c h  may  be i n t e r p r e t e d  as the  mo r e  i n t e n s e  m o n e t a r y  

s t r a t e g i e s  a d o p t ed  in Mex ic o  to s t ab i l i s e  the  e x c h a n g e  ra t e

v o la t i l i t y .  In p a r t i c u l a r ,  the  m o v e m e n t  o f  i n t e r e s t  r a t e  s eems  to 

f o l l o w  a s i m i l a r  p a t h  d e m o n s t r a t e d  by the  e x c h a n g e  r a t e  v o l a t i l i t y  

due  to f o r e i g n  deb t  shocks .  The  f e e d b a c k  e f f ec t  on the  f o r e i gn  deb t  

a f t e r  an e x c h a n g e  r a t e  s ho ck  a l so  r e ve a l s  mor e  l a s t i n g  b e h a v i o u r  in 

c o m p a r i s o n  to i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  and  it ma y  r e ve a l  

some  deb t  p o r t f o l i o  a d j u s t m e n t  ( see  F i gu r e  5 .4d) .

F i n a l l y ,  and s i m i l a r  to M e x i c o ,  the  i m p u l s e  r e s p o n s e  

f u n c t i o n  for  T u r k e y  r e v e a l s  a l a s t i n g  e f f ec t  o f  a f o r e i gn  deb t  shock  

on e x c h a n g e  r a t e  v o l a t i l i t y  ( see  F i g u r e  5 .5a ) .  The  i n c r e a s e  in 

e x c h a n g e  r a t e  v o l a t i l i t y  due  to a fo r e i g n  deb t  s h oc k  e x t en d s  to the 

15 th q ua r t e r .  Th i s  b e h a v i o u r  does  not  d e m o n s t r a t e  to be f o l l o w e d  by 

i n c r e a s e s  in the  i n t e r e s t  r a t e  or  s i g n i f i c a n t  i m p a c t s  on i n t e r n a t i o n a l  

r e s e r v e s  as it w ou l d  be e x p e c t e d  (see  F i gu r e s  5 .5b and 5 .5c ) .  Once  

a ga i n ,  the  l o n g e r  i m p a c t  o f  a fo r e i gn  deb t  s ho ck  on the  e x c h a n g e  

r a t e  v o l a t i l i t y  may  be a c o n s e q u e n c e  o f  f i n a n c i a l  f r a g i l i t i e s  and 

c r e d i t  c o n s t r a i n t s  f a ced  by T u r k ey .  N e v e r t h e l e s s ,  t he  e x c h a n g e  ra t e  

s t a b i l i t y  in T u r k ey  does  no t  seem to be o b t a i n e d  by  m o n e t a r y  

i n t e r v e n t i o n s  in the  f o r e i g n  e x c h a n g e  m a rk e t .  In fac t ,  it  is no t
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p o s s i b l e  to h a ve  c l e a r  c o n c l u s i o n  on how T u r k e y  o b t a i n s  s t ab i l i t y  

for  its e x c h a n ge  ra t e  via  i m p u l s e  r e s p o n s e  f u n c t i o n s .  The  f e e d b a c k  

e f f e c t  d e n o t e d  by an i n c r e a s e  in f o r e i g n  d e b t  c h an g e s  due to 

e x c h a n g e  r a t e  v o l a t i l i t y  f o l l ows  a l o n g e r  t ime  p a th  in c o m p a r i s o n  to 

i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s  ( see  F i gu r e  5 .5d) .  P e r h a p s ,  some 

s ho r t  t e rm deb t  a d j u s t m e n t s  t ake  p l ace  ove r  the  p e r i o d  as r e s u l t  o f  

e x c h a n g e  r a t e  v o l a t i l i t y .

The  i n t e r p r e t a t i o n  o f  the  i m p u l s e  r e s p o n s e  f u n c t i o n s  

s u g g e s t s  t ha t  fo r e i g n  deb t s  have  i m p a c t s  on the  e x c h a n g e  ra t e

v o l a t i l i t y  and t ha t  m o n e t a r y  i n t e r v e n t i o n s  in the  f o r e i gn  e x c h a n g e  

m a r k e t  s eem to be a c o m m o n  p r a c t i c e  a m on g  the  c o u n t r i e s

i n v e s t i g a t e d  ( e xc e p t  for  T ur k e y) .  In p a r t i c u l a r ,  the  r e s u l t s  a l so 

r e v e a l  t ha t  f i r ms ,  and g o v e r n m e n t s ,  u n d e r  c r e d i t  c o n s t r a i n t s  t end  to 

a l t e r  t he i r  deb t  p o r t f o l i o s  in a c o n t e x t  o f  h i g h e r  e x c h a n g e  ra te  

v o l a t i l i t y ,  and  thus  the  r a t i o  o f  f o r e i gn  deb t  to GDP t e nd s  to s u f f e r  

i m p a c t s  for  a l o n g e r  p e r i o d  unt i l  the  e x c h a n g e  r a t e  is s t a b i l i s e d .  In 

c o n t r a s t  to e m e r g i n g  m a r k e t  e c o n o m i e s ,  f ree  acc es s  to the 

i n t e r n a t i o n a l  c r e d i t  m a r k e t  may  a l l o w  i n d u s t r i a l i s e d  m a r k e t

e c o n o m i e s  to rol l  o v e r  t he i r  deb t s  e a s i l y  so t ha t  an i n c r e a s e  in

e x c h a n g e  ra t e  v o l a t i l i t y  does  not  p r o d u c e  an a d d i t i o n a l  i m p a c t  on 

f o r e i gn  deb t  a d j u s t m e n t s .  H e n ce ,  the  p o s s i b i l i t y  o f  b a l a n c e  shee t  

c h a n g e s  t a k i n g  p l ace  s eems  to be  mo r e  s i g n i f i c a n t  in e m e r g i n g  

m a r k e t  e c o n o m i e s  w h i c h  are c h a r a c t e r i s e d  by p e r m a n e n t  f i na nc i a l  

f r a g i l i t i e s  and  h i g h e r  e x c h a n ge  r a t e  v o l a t i l i t y .
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5.4 - C o n c l u s i o n

Thi s  c h a p t e r  has  i n v e s t i g a t e d  the  h y p o t h e s i s  t ha t  f o re i g n  

deb t s  may  i m p a c t  on e x c h a n g e  r a t e  v o l a t i l i t y .  The  ma in  c o n t r i b u t i o n  

has  been  to e x a m i n e  w h e t h e r  f o r e ig n  i n d e b t e d n e s s  l e ads  to a 

s i g n i f i c a n t  i mp ac t  on e x c h a n g e  r a t e  v o l a t i l i t y  in d i f f e r e n t  e co n om i c  

c o n t e x t s :  d e v e l o p e d  and e m e r g i n g  e c o n o m i e s  m a r k e t s .  The  a na l ys i s  

e x p l o r e d  the  s t o c h a s t i c  p r o p e r t i e s  o f  t i me  s e r i e s  us i ng  the  V AR 

m o d e l l i n g  a p p ro a ch .  It a l so  t oo k  in to  a c c o u n t  the  c o n s t r a i n t s  

i m p o s e d  by i n t e r n a t i o n a l  c ap i t a l  m a r k e t s  on h i g h l y  i n d e b t e d  

e c o n o m i e s ,  e s p e c i a l l y  on e m e r g i n g  m a r k e t  e c o n o m i e s .  At  f i r s t ,  th i s  

c i r c u m s t a n c e  i n d i c a t e s  t ha t  g o v e r n m e n t  a u t h o r i t i e s  n eed  to r e gu l a t e  

the  f i n a n c i a l  s ys t e m in o rd e r  to avo i d  f i n a n c i a l  f r a g i l i t i e s .

The  r e s u l t s ,  in ge ne r a l ,  did r e ve a l  e v i d e n c e  t ha t  f o re i g n  

deb t  has  r o b u s t  e f f e c t s  on e x c h a n g e  r a t e  v o l a t i l i t y  in i n d u s t r i a l i s e d  

and e m e r g i n g  m a r k e t  e c o n o m i e s .  The  a n a l y s i s  was  b a s e d  e s s e n t i a l l y  

on v a r i a n c e  d e c o m p o s i t i o n  o f  o r t h o g o n a l i s e d  e r r o r s  wh i ch  

d e m o n s t r a t e d  s i g n i f i c a n t  e f f e c t s  for  b o t h  g r ou p s  o f  c o un t r i e s .  Thi s  

c o n c l u s i o n  is r e i n f o r c e d  by a s u i t a b l e  i m p u l s e  r e s p o n s e  a n a l y s i s  and 

did s u p p o r t  the  r e s u l t s  o b t a i n e d  by D e v e r e u x  and Lane  (2003)  

t h o u g h  t he i r  m e t h o d o l o g y  was  v e ry  d i f f e r e n t .  A l t h o u g h  a fo r e i g n  

d eb t  s h oc k  has  a s t r o n g e r  i m p a c t  on e x c h a n g e  ra t e  v o l a t i l i t y  in 

e m e r g i n g  m a r k e t  e c o n o m i e s  c o m p a r e d  to d e v e l o p e d  m a r k e t  

e c o n o m i e s ,  the  f i n d i n g s ,  in ge ne r a l ,  d e m o n s t r a t e d  the  p o w e r  o f  

f o r e i g n  deb t  in a f f e c t i n g  e x c h a n g e  ra t e  v o l a t i l i t y .  M o r e o v e r ,  as it is 

s u g g e s t e d  by  H a u s m a n n  et . al .  ( 2001) ,  b o t h  t ypes  o f  e c o n o m i e s  make  

use  o f  the  t r a d i t i o n a l  i n s t r u m e n t s  o f  e c o n o m i c  p o l i c y ,  such  as t i gh t  

m o n e t a r y  p o l i c i e s  or  i n t e r n a t i o n a l  r e s e r v e s  m a n a g e m e n t ,  or  bo t h ,  to 

s t a b i l i s e  e x c h a n g e  r a t e  v o l a t i l i t y .  The  c o m p u t a t i o n s  did a l l ow for  

some  c o n c l u s i o n  on m o n e t a r y  i n t e r v e n t i o n s ,  so t ha t  t he se  p o l i c i e s
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have  some  ro l e  in a v o i d i n g  h i gh  e x c h a n g e  ra t e  v o l a t i l i t y  ( s p i l l o v e r  

e f f e c t s ) .  Thi s  p o l i c y  p r o c e d u r e  is more  e v i d e n t  in e m e r g i n g  m a r k e t  

e c o n o m i e s  wh i ch  o p e r a t e ,  in ge ne r a l ,  m a n a g e d  e x c h a n g e  ra te  

r e g im e s .

The  c o m p u t a t i o n s  b a s e d  on the  i m p a c t  o f  an e xc ha n ge  

r a t e  v o l a t i l i t y  s ho ck  on the  r a t i o  fo r e i g n  deb t  to GDP did a l so  r evea l  

w e a k  e v i d e n c e  o f  b a l a n c e  shee t  c hanges .  In p a r t i c u l a r ,  an e x c h a n ge  

r a t e  v o l a t i l i t y  s ho ck  was  mor e  l i k e l y  to p r o d u c e  s i ze a b l e  p e r c e n t a g e  

i m p a c t s  on the  r a t i o  o f  ne t  fo r e i g n  deb t  to GDP in T u r k ey .  An 

e v e n t u a l  i n s t a b i l i t y  in the  e x c h a n g e  ra t e  ma y  g e n e r a t e  mo r e  f r eq u en t  

c h a n g e s  in deb t  p o r t f o l i o s  for  f i n a n c i a l l y  f r ag i l e  and c r ed i t  

c o n s t r a i n e d  e c o n o m i e s .  The  a na ly s i s  b a s e d  on v a r i a n c e  

d e c o m p o s i t i o n  and i m p u l s e  r e s p o n s e  f u n c t i o n s  did not  a l l o w  for  a 

r o b u s t  c o nc l u s i o n .

The  ma i n  p o l i c y  i m p l i c a t i o n  d r awn  f r om th i s  s t udy  is 

t ha t  g o v e r n m e n t  a u t h o r i t i e s  h a ve  to keep  f o r e i gn  i n d e b t e d n e s s  at 

l eve l s  c o n s i s t e n t  w i t h  m a c r o e c o n o m i c  s t ab i l i t y .  It is a l so w o r t h y  o f  

n o t e  t ha t  the  o b j e c t i v e  o f  thi s  c h ap t e r  has  not  b een  to e s t a b l i s h  an 

e m p i r i c a l  r e g u l a r i t y  for  the  e f f ec t  o f  f o r e ig n  deb t  v o l a t i l i t y  on 

e x c h a n g e  r a t e  v o l a t i l i t y  a c r os s  i n d u s t r i a l i s e d  and  e m e r g i n g  m a r k e t  

c o u n t r i e s  The  s e t t i n g  o f  an e m p i r i c a l  r e g u l a r i t y  w o u ld  n eed  an 

a d d i t i o n a l  r e s e a r c h  e f f o r t  e m b o d y i n g  a mu c h  l a r ge r  n u m b e r  o f  

c o un t r i e s .
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CHAPTE R VI

Final  Conc lus ion s

Thi s  t he s i s  has  i n v e s t i g a t e d  a n u m b e r  o f  i s sue s  in

e x c h a n g e  ra t e  e c o n o m i c s ,  and the  ma in  c o n t r i b u t i o n  to the  l i t e r a t u r e  

is the  i n v e s t i g a t i o n  o f  t r a d i t i o n a l  e x c h a n g e  r a t e  d e t e r m i n a n t s  in 

d i f f e r e n t  e c o n o m i c  e n v i r o n m e n t s .  The  e m p i r i c a l  s t r a t eg y  was  to 

s e l ec t  a s am p l e  o f  i n d u s t r i a l i s e d  and e m e r g i n g  m a r k e t  e c o n o m i e s  

and to e x a m i n e  the  e f f e c t s  o f  t r a d i t i o n a l  m a c r o e c o n o m i c

d e t e r m i n a n t s  on e x c h a n g e  ra t e  b e h a v i o u r .  The  u n d e r l y i n g  idea  is 

t ha t  t h e s e  g r ou ps  o f  e c o n o m i e s  o f f e r  d i f f e r e n t  p a t h o l o g i e s  o f

m a c r o e c o n o m i c  v a r i a b l e s  wh i ch  have  d i s t i n c t  i m p a c t s  on e x c h a n g e  

r a t e  m o v e m e n t s .  The  t r a d i t i o n a l  m o n e t a r y  a p p r o a c h  to the  e x c h a n g e  

ra t e  was  used  in the  a na ly s i s  and in c o n j u n c t i o n  w i t h  new

e c o n o m e t r i c  t e c h n i q u e s  a im e d  at i n c r e a s i n g  the  e x p l a n a t o r y  p o w e r  

o f  t r a d i t i o n a l  f u n d a m e n t a l s .  An a d d i t i o n a l  a n a l y s i s  was  c a r r i e d  out ,  

e x a m i n i n g  the  i m p a c t  o f  f o r e i gn  deb t s  on e x c h a n g e  ra t e  v o l a t i l i t y .

A l t h o u g h  the  o b j e c t i v e  was  not  to c o v e r  the  w ho l e  d e ba t e  

a b ou t  e x c h a n g e  r a t e  d e t e r m i n a t i o n ,  the  r e s u l t s  e n a b l e d  some 

i n t e r e s t i n g  c o n c l u s i o n s .  The  m o n e t a r y  a p p r o a c h  to t he  e x c h a n g e  ra te  

was  t e s t e d  wi t h  pa ne l  da ta  in wh i c h  a h i gh  l eve l  o f  h e t e r o g e n e i t y  

a c r o s s  c o u n t r i e s  was  a l l owed .  Th i s  mode l  r e p r e s e n t s  e s s e n t i a l l y  a 

l o n g - r u n  r e l a t i o n s h i p  b e t w e e n  the e x c h a n g e  r a t e  and i ts ma in  

d e t e r m i n a n t s ,  and m o n e t a r y  s ho ck s  c o n s t i t u t e  the  key  e l e m e n t  in the 

t r a n s m i s s i o n  m e c h a n i s m .  A f i r s t  f i nd i ng  is t ha t  p a ne l  un i t  r o o t  t e s t s  

s h o we d  tha t  m o s t  o f  t h e s e  v a r i a b l e s  are  i n t e g r a t e d  o f  o r d e r  one  for  

bo t h  t ypes  o f  e c o n o m i e s ,  i n d u s t r i a l i s e d  and e m e r g i n g .  Pane l  

c o i n t e g r a t i o n  t e s t s  we re  a l so  a pp l i e d  and the  r e s u l t s  p o i n t e d  t o wa r ds
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the  p o s s i b i l i t y  o f  no l o n g - r u n  r e l a t i o n s h i p  b e t w e e n  the  e xc ha n ge  

r a t e  and  i t s  m o n e t a r y  f u n d a m e n t a l s  for  bo t h  t y p e s  o f  e c o n o m i e s .  

Ev en  so,  the  r e j e c t i o n  o f  the  c o i n t e g r a t i o n  h y p o t h e s i s  ma y  not  mean  

n e c e s s a r i l y  t he  n o n - e x i s t e n c e  o f  l o n g - r u n  r e l a t i o n s h i p s .

A f u r t h e r  e x p l o r a t i o n  us i ng  the P o o l e d  Me a n  Group  

e s t i m a t i o n  p r o c e d u r e ,  the r e s u l t s  for  the  i n d u s t r i a l i s e d  m a r k e t  

e c o n o m i e s  o f f e r e d  some  s u p po r t  in f av o ur  o f  the  m o n e t a r y  m o d e l  o f  

the  e x c h a n g e  ra t e ,  bu t  wi th  a low R2. Th i s  e s t i m a t i o n  p r o c e d u r e  did 

not  f ind s u p p o r t  for  the  m o n e t a r y  a p p r o a c h  in e m e r g i n g  ma r ke t  

e c o n o m i e s .  P o s s i b l y  the  p o o r  p e r f o r m a n c e  o f  the  m o n e t a r y  m o d e l  for  

e m e r g i n g  m a r k e t  e c o n o m i e s  may  be a t t r i b u t e d  to the  m a n a g e d  

e x c h a n g e  r a t e  r e g i m e s  u s u a l l y  a d op t e d  by t h e s e  e c o n o m i e s .  The 

r e s u l t  t ha t  the  m o n e t a r y  a p p r o a c h  to the  e x c h a n g e  r a t e  was  s t r o n g e r  

for  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s ,  wh e re  f ree  f l oa t  e x c h a n g e  ra t e  

r e g i m e s  are  a d o p t ed ,  was  s o m e w h a t  u n e x p e c t e d .  O v e ra l l  the  p o o r  

p e r f o r m a n c e  o f  the  m o n e t a r y  m o d e l  r a i s ed  the  p o s s i b i l i t y  o f  b u b b l e s  

in e x c h a n g e  ra t e s .

C h a p t e r  IV t oo k  up th i s  i s sue .  The  m o n e t a r y  m o d e l  was  

used  to d e t e c t  the  p r e s e n c e  o f  s p e c u l a t i v e  r a t i o n a l  b u b b l e s  d r i v i n g  

the  e x c h a n g e  ra t e  a way  f rom its e c o n o m i c  f u n d a m e n t a l s .  Thi s  

a n a l y s i s  was  c o n s t r a i n e d  to c o u n t r i e s  t ha t  o p e r a t e  a f r ee ly  f l o a t i ng  

e x c h a n g e  ra t e  r eg ime ,  and thus  e m e r g i n g  m a r k e t  e c o n o m i e s  we r e  not  

e x am i n e d .  M o s t l y  e m e r g i n g  m a r k e t  e c o n o m i e s  b e g a n  to o p e ra t e  

f r ee ly  f l o a t i n g  e x c h a n g e  ra t e  r e g i m e s  mo r e  r e c e n t l y  and  the  t ime  

s e r i e s  are  too shor t  to a l l ow for  a v i a b l e  e x a m i n a t i o n  o f  b u b b l e s .  

The  o b j e c t i v e  was  to i n v e s t i g a t e  a s pec ia l  t ype  o f  b u b b l e ,  u s ua l l y  

c a l l ed  p e r i o d i c a l l y  c o l l a p s i n g  b u b b l e s  in t he  l i t e r a t u r e ,  w h i c h  have  

c o l l a p s i n g  p e r i o d s  and  e x p a n d i n g  p e r i o d s .  A M a r k o v - S w i t c h i n g  

(MS)  m e t h o d o l o g y  was  e m p lo y e d ,  be in g  an a p p r o p r i a t e  e c o n o m e t r i c  

too l  to a na l ys e  s t o c h a s t i c  p r o c e s s e s  f o r m ed  by m u l t i p l e  r eg i me s .  

Two r e g i m e s  were  c o n s i d e r e d :  the  f u n d a m e n t a l  s o lu t i o n  r e g i m e  and
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the  b u b b l e  s o lu t i o n  r e g i me .  The  r e su l t s  r e j e c t e d  the  h y p o t h e s i s  o f  a 

p e r i o d i c a l l y  c o l l a p s i n g  r a t i o n a l  b u b b l e  d r i v i n g  the  e x c h a n g e  ra t e  

a way  f rom its f u n d a m e n t a l s .  H o w e v e r ,  l i n e a r i t y  t e s t  s t a t i s t i c s  

r e v e a l e d  s i g n i f i c a n t  e v i d e n c e  o f  e x c h a n g e  r a t e  n o n - l i n e a r i t y .  N o n 

l i n e a r  b e h a v i o u r  i nv i t e s  a f u r t h e r  i n v e s t i g a t i o n  o f  the  p r e s e n c e  o f  

m a r k e t  f r i c t i o n s  such  as t a r i f f  and n o n - t a r i f f  b a r r i e r s ,  t r a n s a c t i o n  

cos t s ,  e tc . ,  in a f f e c t i n g  e x c h a n ge  ra t e  m o v e m e n t s .

In C h a p t e r  V i m p o r t a n t  r e s u l t s  we re  o b t a i n e d  f rom the 

i n v e s t i g a t i o n  o f  the  i m p a c t  o f  f o r e i gn  deb t s  on e x c h a n g e  ra t e  

v o l a t i l i t y .  The  idea  was  t ha t  i n c r e a s i n g  l e ve l s  o f  u n - h e d g e d  f o r e i gn  

d eb t s  ma y  a f f ec t  e x c h a n g e  r a t e  v o l a t i l i t y  due  to d e f a u l t  r i sks .  

H i g h e r  f o r e i gn  deb t s  ma y  l ead  to an i n c r e a s e  in d e f a u l t  r i sks ,  c ap i t a l  

o u t f l o w s  and c o n s e q u e n t  i m p a c t s  on e x c h a n g e  r a t e  b e h a v i o u r .  A 

s a m p l e  o f  four  i n d u s t r i a l i s e d  and e m e r g i n g  m a r k e t  e c o n o m i e s  were  

s e l e c t e d  and  t e s t e d  via  VA R m o d e l l i n g .  B ot h  c a t e g o r i e s  o f  

c o u n t r i e s ,  i n d u s t r i a l i s e d  and e m er g i n g ,  r e v e a l e d  some  e v i d e n c e  of  

f o r e i g n  deb t  e f f e c t s  on e x c h a n g e  r a t e  v o l a t i l i t y .  As e x pe c t e d ,  a 

s t r o n g e r  r e s u l t  was  found  for  e m e r g i n g  m a r k e t  e c o n o m i e s  wh i ch  

s h o w e d  b i g g e r  i mp a c t s  f rom ne t  f o r e i gn  deb t s  on e x c h a n g e  ra te  

v o l a t i l i t y .  Th i s  f i n d i n g  for  e m e r g i n g  m a r k e t  e c o n o m i e s  is 

p a r t i c u l a r l y  i n t e r e s t i n g ;  g i ven  t he i r  f i n a n c i a l  f r a g i l i t i e s ,  t he y  are 

v u l n e r a b l e  to s p e c u l a t i v e  a t t a cks  and to the  e x c h a n g e  r a t e  h a v in g  to 

b e a r  the  b r u n t  o f  a d j u s t m e n t  to shocks .

In a d d i t i o n ,  t e s t s  a l so u s ing  V A R  m o d e l l i n g  were  

d e v e l o p e d  to e x a m i n e  the p o s s i b i l i t y  o f  m o n e t a r y  a u t h o r i t y  

i n t e r v e n t i o n s  to s t ab i l i s e  e x c h a n g e  ra t e  v o l a t i l i t y  f r om shocks  

a r i s i ng  f r om f o r e i gn  debt .  The  r e s u l t s  s h o w e d  a c o m mo n  

c h a r a c t e r i s t i c  for  e m e r g i n g  m a r k e t  e c o n o m i e s  o f  u s ing  at l ea s t  one 

o f  t h e s e  i n t e r v e n t i o n  t oo l s ,  e i t he r  the  i n t e r e s t  r a t e  or  i n t e r n a t i o n a l  

r e s e r v e s ,  to s t a b i l i s e  e x c h a n ge  ra t e  v o l a t i l i t y .  Th i s  type  o f  p o l i c y  

i n t e r v e n t i o n  is not  so e v id e n t  for  i n d u s t r i a l i s e d  m a r k e t  e c o n o m i e s .
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O v e r a l l ,  a l t h o u g h  some  l i mi t ed  s u p p o r t  was  found ,  the  

r e s u l t s  d id no t  p r o v i d e  r o b u s t  e v i d e n c e  o f  a r e l a t i o n s h i p  b e t w e e n  the 

e x c h a n g e  r a t e  and i ts c l a s s i ca l  m a c r o e c o n o m i c  f u n d a m e n t a l s .  The  

e x c h a n g e  r a t e  is bo t h  a r e l a t i v e  p r i ce  and a f i n a nc i a l  a s s e t ,  o f t en  

s u b j e c t  to i n t e r f e r e n c e  f rom e x o g e n o u s  e l e m e n t s  wh i c h  d r i ve  it 

t e m p o r a r i l y  a way  f r om its f u n d a m e n t a l  e q u i l i b r i u m .  The  

d e c o m p o s i t i o n  and i d e n t i f i c a t i o n  o f  t h e s e s  e x t r a n e o u s  c o m p o n e n t s  is 

a c o m p l e x  p r o j e c t  for  f u tu r e  r e s e a r ch .  Po s s i b l y ,  the  use  o f  more  

a d v a n c e d  e c o n o m e t r i c  m e t h o d s  in c o n j u n c t i o n  wi th  b e t t e r  t ime  

s e r i e s  da ta  a c r os s  a w i d e r  r ange  o f  c o u n t r i e s  ma y  be ab le  to 

c o n t r i b u t e  wi t h  new,  i n t e r e s t i n g  f i n d i ngs .
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