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A bstract

A FREQ U EN CY  DECOM POSITION A PPROACH TO EX CH A N G E RATE FORECASTING

by

Bruce Tabakm an

Advisor: Professor Salih Neftci

Using the tools of spectral analysis, the  exchange rate betw een the Deutshe m ark and dollar is 

decomposed into a high frequency com ponent and a high frequency filtered com ponent. It is hy­

pothesized tha t an econom etric model, utilizing exchange ra te  "fundam entals", for the filtered 

com ponent combined w ith a time series or econom etric model for the high frequency com ponent 

can out-predict a similar economic model for the undecomposed series.

A fter a review of the economic fundam entals that determ ine exchange rates, several candidate 

models to  explain the frequency decomposed time series are explored. Three variants of the 

m onetary  version of the purchasing pow er parity model, popular in the late seventies, are esti­

m ated and rejected as candidates for the high frequency filtered series. Additionally, tw o differ­

en t specifications of a V ector Autoregressive system for the filtered data  com bined with first an 

A RIM A  model and second a random  walk specification for the high frequency com ponent are 

likewise rejected. A single equation model incorporating "long run" fundam entals is finally 

adopted for the filtered series. For the high frequency series, an ordinary least squares model is 

fit using a "short run" fundam ental and  the lagged dependent variable. Comparing ex-post fore­

casting ability of these tw o equations, utilizing actual right hand side data, w ith a fundam entals- 

based equation for the original exchange ra te  reveals th a t the frequency decomposition based 

models do marginally better a t horizons of tw o to three years.
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1.0 Introduction

The introduction, to  economics, of tim e series analysis in the "frequency dom ain", a ttrib u t­

able to  Engle (1976), has touched off a rash of literature th a t seeks to  test classic long run  eco­

nomic relationships. Such papers as Lucas (1980), Geweke (1983) and Summers (1983) focus on 

the low frequency components of tim e series, w hich is claimed, is analagous to  the "long ru n " .1 

Lucas uses frequency filtered data to  test the proposition th a t a change in the grow th rate  of an 

econom y’s m oney supply will induce an equal change in the inflation rate. Sum m ers’ paper reex­

amines the Fisher effect: an increase in interest rates owing to  a like increase in the  ra te  of in­

flation. Finally, Geweke uses frequency dom ain analysis to  explore the neutrality  of money.

It is the intent of this paper to  expand the use of frequency dom ain analysis - not simply to  test 

theory (though this m ay occur as a by-product) bu t to  utilize the decomposition by frequency for 

forecasting. The instrum ent to  be exam ined here is the exchange rate. The exchange rate  seems 

to  be a perfect candidate because it has a well established and docum ented theory to  its long run  

determ ination (i.e. the  purchasing pow er parity2 ) but it is subject to  various severe short term  

shocks th a t m ake its predictability difficult. The existence of these shocks is exemplified in the 

following quotation from  the D ecem ber 14, 1983 Wall Street Journal.

In fact, sages have predicted all year th a t the rise of the dollar against m ajor currencies 
would finally end in the face of a booming U.S. trade deficit, lower domestic interest 
rates and other m ajor economic factors.

M cCallum (1984) presents evidence tha t the association of low frequency tim e series statis­
tics w ith long run economic propositions are not generally w arranted.

See Officer (1976) for a review article.
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But no. Instead of weakening, the dollar is showing alm ost unprecedented 
strength.... W hy the continued strength ? It seems to  be the result of a potent m ixture 
of economics and psychology.

High U.S. interest rates tend  to a ttrac t foreign investors into dollar denom inated in­
vestm ents, strengthening the dollar. A nd even though U.S. interest rates have declined 
in the past 18 m onths, th ey ’re  still high com pared w ith those of o ther industrialized 
countries. W hat’s m ore m any currency traders are  convinced tha t heavy federal bor­
rowing to  finance the big budget deficits will keep interest rates relatively high.

The dollar also appears to  have replaced gold as the "safe haven" tha t investors seek 
in times of international political unrest. The dollar has even spurted w hen the U.S. has 
been involved in international incidents, such as the  recent U.S. bombing of Syrian po­
sitions in Lebanon. Investors apparently believe tha t is the  w orst comes, the U.S. is the 
best place to  have stashed money.

In addition, the bull m arket on Wall Street has a ttrac ted  foreign investors which also 
helps the dollar.... A nother factor adding to  the dollar’s recent strength has been de­
m and from  corporations, especially m ultinationals.... They have finally had to  give up 
waiting for a w eaker dollar and get into the m arket.... T hat has created  an  increased 
dem and for dollars in w hat would norm ally have been a fairly thin yearend m arket.

Local factors are  also affecting the dollar’s strength against o ther currencies. Fears 
tha t Britain will low er the price of its N orth  Sea oil have helped to  depress the pound, 
while concern about the  policies of F rance’s Socialist governm ent has h u rt the  franc.

Further, to  dem onstrate the problem s in exchange rate  forecasting one can tu rn  to  R ichard 

Levich. In his annual review article in Eurom oney in which he com pares foreign exchange fore­

casting services he concludes tha t, “track  records of professional currency forecasting services are 

deteriorating” and “this year's study concludes that forecasting expertise does not exist in general 

across the sample of forecasters” .3

While Levich’s sample includes econom etric as well as non-econom etric services, C hapter 3 

of this paper will detail the out-of-sam ple failure of classical exchange ra te  forecasting models. 

This chapter will borrow  heavily from  the work of Meese and  Rogoff (1983).

3 Levich (1983) p. 140 and p. 144
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It will be argued in this paper th a t forecasting accuracy4 can be improved by applying ex­

change ra te  fundam ental-type econom etric models to  the  exchange ra te  stripped of its high fre­

quency volatility. For this purpose a representative exchange rate, tha t betw een G erm any and 

the U.S. - denoted D M /S, will be used. The high frequency (or short term ) com ponents of the 

D M /S  will be assumed to follow an ARIM A  process of the type introduced in Box and Jenkins 

(1970). I t is im portant to note a t the outset that the bi-modal methodology for exchange rate 

forecasting to  be presented here is justifiable in term s of causality. The long term  determ ination 

of the exchange rate  is a phenom enon of economic reasoning, while short term  movements are 

due to  shifting perceptions, politics and not in the least governm ent intervention.5

The rem ainder of this paper will be divided up as follows. C hapter 2 will explain the accom­

plishment of the frequency decomposition. The aforem entioned C hapter 3 will present the em ­

pirical em bodim ents of theories of the seventies and their failures to  adequately predict the 

exchange rates in the late seventies and early eighties. The first part of C hapter 4 will describe the 

"fundam entals" model and the A RIM A  model that are to  be used for forecasting. The second 

part of the  chapter will be devoted to  their empirical results. Concluding rem arks will be made in 

C hapter 5.

4 Generally speaking accuracy will be judged using the Root M ean Square E rro r (RM SE).

5 See Beenstock (1983) for the effects of intervention on the exchange rate.
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2.0 Frequency Decomposition of DM /$

The first step in decomposing a tim e series into its relative frequencies is to  look at its spectrum  

(m ore correctly, its periodogram , w hich is the  estim ate of the spectrum ).6 Engle defines the spec­

trum  as follows:

The spectrum  provides ano ther way of characterizing tim e series. In this case we think 
of a series as being m ade up of a great num ber of sine and  cosine waves of different fre­
quencies which have just the right (random ) am plitudes to  m ake up the original series.
Thus the list of how  m uch of each frequency com ponent was necessary is also a full de­
scription of the  tim e series. The spectrum  is a plot of the squared amplitude of each 
component against the frequency of tha t com ponent. It is continuous and always 
greater than  zero as long as there are no determ inistic elements (that is, no exactly re­
peating com ponents, or com ponents which can be predicted exactly on the basis of the
past). This is a very general w ay to  describe a  stochastic process  The spectrum  is a
decomposition of the  variance into the components contributed by each frequency.

The periodogram  for the D M /$  exchange ra te  after removal of m ean and trend  is given in Figure 

1. The procedure used to  calculate the  periodogram is provided in the Technical Appendix.

The first part of Engle’s definition alludes to  the Fourier representation of a discrete time se­

ries Xr The Fourier representation states th a t X, having N  observations can be defined as:

N / 2 -1

Xt = ao+  5 )  (flpCos(2w/rf/iV) + bp sm (2irpt/N))
p - 1 .........

+ dpf/ 2  cos 1it

where:

An introduction to  Spectral Analysis is provided by  Chatfield C hapter 7. For a more rigor­
ous version see Koopm ans C hapter 8. The notation of the  Fourier representation used here 
is consistent w ith tha t of Chatfield.
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oq =  sample m ean of X

aN /2  =

op — 2 (^-V , cos 2 irp t/N )/N  p = 1, ... , N /2  — 1

bp =  2 ( 2 * ,  sin 2 v p t/N ) /N  p =  1........iV/2 — 1

N ote tha t this form ulation involves N  equations and  N  param eters, therefore appropriately 

weighted sine and cosine waves can exactly duplicate any  observation of Xr Additionally, each 

frequency is associated w ith waves (or cycles) tha t can be thought of as completing in N /p  peri­

ods. For example consider a tim e series having 100 m onths of data. Observation i of this time 

series can be decomposed into cycles completing in 100 m onths, 50 m onths, 33.3 m onths, etc. right 

through to  approxim ately 2 months. Recasting Figure 1 in term s of length of cycles in lieu of fre­

quency on the X axis results in Figure 2. Thus m ost of the variance of D M /$  can be explained in 

term s of cycles tha t complete in a little m ore than tw o years.7

The decomposition of X, into its low frequency or long run  com ponent is accomplished as fol­

lows. First a key cycle length (and its associated frequency) is chosen. N ext, the  coefficients ap 

and bp from  the above Fourier representation are set equal to  zero for all cycles (frequencies) less 

than  the chosen cycle. Finally, the Fourier representation equation is executed in reverse to  de­

fine a new time series which is denoted the low frequency com ponent. A lternatively, zeroing out 

coefficients for cycles equal to  and greater than the chosen cycle results in the high frequency 

com ponent.

Strictly speaking, the periodogram  is an inconsistent estim ator of the true  spectrum . See the 
Technical Appendix for discussion of this point.
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The decomposition of the D M /$  exchange rate  after detrending is provided in Figure 3. One 

hundred and th irty -tw o  data  points - January , 1973 through December, 1983 - were used in the 

calculation. This roughly covers the m odern period of floating, m arket-determ ined exchange 

rates. The key cycle length chosen was forty-three months. This figure roughly estimates the 

course of the business cycle and is consistent with the work of Geweke (1983) and Summers 

(1983).

The underlying D M /$  exchange rate  after high frequency filtering is calculated to  be the 

arithm etic sum of the low frequency com ponent and the trend com ponent. This tim e series is 

plotted against the true  D M / $ ra te  in Figure 4. It is interesting to  note th a t under the above defi­

nition, the observed exchange rate  has been generally above the true  underlying filtered exchange 

ra te  since early 1981. This is supportive of the view, held by most forecasters, that the dollar has 

been overvalued vis a vis the D eutsche M ark since 1981.8

Before proceeding on, I would like to  address the relationship betw een the frequency decom­

position methodology presented in this paper and the theory behind the seasonal adjustm ent of 

economic tim e series. In seasonal adjustm ent, recurring spikes in the periodogram  a t seasonal 

frequencies are  elim inated via appropriate action on the corresponding Fourier coefficients. In 

this paper though, the zeroing of the  Fourier coefficients corresponded not to  seasonal spikes but 

instead to  cycle lengths.

8 Levich, p. 142.
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3.0 Empirical Failures of Theories of Exchange Rate Determination

Models developed to  explain exchange ra te  movements have been plentiful.9 The traditional 

models however, utilizing purchasing power parity  (in the form  of relative price levels) as their 

underlying theory, have fallen out of favor amongst economists as predictors of exchange rate 

movements in the seventies. Frenkel (1981) has dem onstrated th a t the traditional PPP approach 

which w orked well during a period of floating in the twenties fails to  do likewise in the floating 

period of mid 1973 to  early 1979. The failure of traditional PPP models have given rise to m uch 

research and modification of classical theory in the late seventies. M uch of this w ork is surveyed 

by Bergstrand (1983) and Shafer and  Loopesko (1983).10 The common denom inator amongst 

most of the aforem entioned research has been a recasting of the PPP doctrine in term s of the 

m onetary approach. This approach is sum m arized by the following equations:

Let the dem and for real cash balances in G erm any be expressed as:

m g/ p g =  y £ e -a/G

w here Y  is income and I is the interest rate. Likewise for the U.S.,11 

Mjjs/  Pus — aIvS

9 See Isard (1978) for a survey article.

10 Additionally, Shafer and Loopesko provide a very detailed chronological history of just w hat
occured in exchange ra te  m arkets in the past ten years experience of floating.

11 A possible shortcom ing of the m onetary approach is the assumption that the functional form  
of the dem and for real balances is bilaterally identical, i.e. a and b are identical across coun­
tries. This is addressed by Haynes and Stone (1981).
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MGPus/P gM us =  {Yc / Y u s)beaU^  -  &  

rearranging,

P u s/P a  =  {Mus/M GK Y G/ Y u s)beaiI^  -  h )  

inverting,

PG/P u s  =  W G/ M u sK Y us/ Y G)bea{Ic ~

PPP in its absolute form 12 states:

PG/ p u s  =  D M /S 

thus by substitution,

D M /$  =  {MG/M u s){Yus/ Y G)beaiIs ~

taking logs,

In D M /$  =  In M G/M US -  bln YG/ Y US +  a(IG -  Iu s) [1 .0 ]

The empirical representation of the above will be:

In D M /$  =  ag +  a jln  M G/ M  Gs  +  a jln  YG/ Y G$ +  a$(IG — I  us)  +  e 

where:

12 A bsolute PPP says the exchange ra te  is equal to  the ra tio  of relative price levels. Relative
PPP equates changes in the exchange rate  to  changes in relative price levels.

Empirical Failures of Theories of Exchange R ate D eterm ination 12



e is a well behaved erro r term
0q =  0  

al =  1
a2 < 0 
a3 > 0

The above specification assumes th a t prices react im m ediately to  m onetary  shocks and  therefore 

is term ed the flexible price model. This model is dubbed the Frenkel-Bilson13 model by Meese and 

Rogoff (1983) based on the w ork of Frenkel (1976) and Bilson (1979). This is the first of their 

representative models to  be used in tests of out-of-sample forecasting accuracy. The second 

model based on Frankel (1979) and Dornbusch (1976) assumes th a t prices a re  "sticky" in the 

short run. Because prices are  sticky m onetary shocks result in a change in interest rates and a 

change in "expected" fu ture inflation. Therefore, it is hypothesized th a t the cu rren t exchange 

ra te  will differ from  its PPP equilibrium by an am ount proportional to  differentials in bilateral real 

interest rates. M athem atically,

In D M /$  -  In (D M /$)e =  -1/</>[(/g  -  * c ) -  (Ius  -  w„s ) ]  [1.1 ]

w here (D M /$ )' is the  equilibrium exchange ra te  and n  is the expected fu ture ra te  of inflation.

N ote th a t in equilibrium,

A? ~  I us — ~  wus■

Assuming that (D M /$ )' =  Pa/P us we can substitute equation [1 .0 ]  and obtain:

13 The nom enclature employed by Meese and Rogoff “ identifies particular models w ith authors
who contributed significantly to  their developm ent  But it is not comprehensive in tha t
some of these authors have w orked with m ore than one of the th ree models, and there  are 
o ther researchers w ho have studied these models or closely-related ones.”

Empirical Failures of Theories of Exchange R ate Determ ination 13



In (D M /$)e — In M q/M us — Mn Yq/  Yqs +  a(/<j — I qs)

at equilibrium,

In (D M /$)C =  In M q/M us ~  b\n Yq / Y qs +  o(^ g ~~ TrUS)

substituting back into equation [ l . l  ]:

In D M /$  =  —1 / — hq) — (Iu s  ~  us) -1

+  In M c /M Vs  — 61n Yg/ Y us + ai^G ~  wUS)

rearranging yields:

In D M /$  =  In M q/ M us ~  Wn Yq/  Yus — 1 / 'P^g ~  Ius)

+ (a + 1 /<P)(^g ~~ n us)-

As w ith PPP, the above will be represented empirically as:

In D M /$ — uq + cqln Afq / M u s  + fi^n Yq / Y qs

+ a3 Ug ~  I  Us) +  a*(v G ~  77US) + £

w here it is now expected that:

a3 < 0 
a4 > 0

Empirical Failures of Theories of Exchange R ate  Determ ination



The final structural model14 tested by Meese and Rogoff extends the Frankel-D ornbusch 

model to  include the effects of the cu rren t account proxied by the cum ulative trade balances of 

G erm any and the U.S. This model is based on Hooper and M orton (1982). Empirically this is:

In D M /$  “  gq +  fljln A( q /A/^y + G2 ^  Y q /Y u s

+ a3^G ~  I  us) +  fl4 (WC — 1,7 us) +  asTBuS +  a6 +  E

w here the new coefficients are assumed to  be:

a5 >  0 
a6 < 0

The inclusion of the  current account is rationalized by the assumption tha t changes in the long 

run  real exchange rate  are correlated w ith unanticipated shocks to  the curren t account.15

The tim e period under which Meese and Rogoff operated consisted of M arch, 1973 through 

June, 1981. Their methodology consisted of estim ation initially through O ctober, 1976 w ith fore­

casts generated for one, three, six and twelve m onth horizons.16 N ext, estim ation was extended 

to  N ovem ber, 1976 and forecasts w ere again generated over the same periods. These iterations 

continued until da ta  was exhausted. Thus, a whole family of twelve m onth ahead forecasts, 

eleven m onth ahead forecasts, etc. w ere compiled. The forecasts were m ade using actual realized 

values on the right hand side. This, if anything, should result in biasing the forecasts to be better 

than  they might otherwise have been. The results how ever, com pared to  a random  walk specifi-

14 Meese and  Rogoff also tested a univariate autoregression and a vector autoregression utiliz­
ing all the variables in the H ooper-M orton model.

15 O ther rationales for inclusion of the curren t account will be discussed in C hapter 4.

16 See Meese and Rogoff (1983) p. 21-22 for a description of the data used.

Empirical Failures of Theories of Exchange R ate D eterm ination 15



T a b l e  1

Root  Mean S q u a r e  F o r e c a s t  E r r o r s  

S / m a rk

Model 1 month
Hor i zon 
6 m o n th s 12 m o n th s

Random Walk 3 . 7 2 8 . 7 1 1 2 .9 8

U n i v a r i a t e  A u t o r e g r e s s i o n 3 .5 1 1 2 .4 0 2 2 . 5 3

V e c t o r  A u t o r e g r e s s i o n 5 . 4 0 11 .8 3 1 5 .0 6

F r e n k e l - B i I s o n 3 . 1 7 9 . 6 4 16 .1 2

D o r n b u s c h - F r a n k e l 3 . 6 5 12 .0 3 18 .8 7

H o o p e r - M o r t o n 3 . 5 0 9 . 9 5 1 5 .6 9

N o t e s :

1.  T a b l e  d e r i v e d  f rom Meese and  R o g o f f  ( 1 9 8 3 )  p .  13*

2 .  RMSEs a r e  a p p r o x i m a t e l y  in p e r c e n t a g e  t e r m s .

3 .  The  s t r u c t u r a l  m o d e l s  w e r e  e s t i m a t e d  u s i n g  F a i r ' s  i n s t r u m e n t a l  

v a r i a b l e  t e c h n i q u e  t o  c o r r e c t  f o r  f i r s t - o r d e r  s e r i a l  c o r r e l a t i o n .

Em pirical Failures of Theories of Exchange R ate  Determ ination 16



cation are  not a t all encouraging. Focusing on root mean square errors, Table 1 of this paper re­

produces part of Meese and Rogoff’s Table 1. As can be seen, o ther than for a one m onth horizon, 

the random  walk (or no change model) outperform ed all of the candidate models.11

Reasons given for the forecasting failures of m odern day exchange ra te  models are addressed 

by Meese and Rogoff (1983,1982), Shafer and Loopesko (1983), Haynes and Stone (1981) and 

Driskill and Sheffrin (1981) though no concensus emerges as to  how to  overcome them . The next 

chapter will test to  see if the  interaction of econom etric modelling and frequency decomposition 

can be used to  improve forecasting accuracy.

17 T hat exchange rates follow a random  w alk was stated emphatically by M ussa (1979). Evi­
dence to  support this observation can also be found in Shafer and Loopesko (1983) and Adler 
and Lehm ann (1983).

Em pirical Failures of Theories of Exchange R ate D eterm ination 17



4.0 Empirical Tests and Results

This C hapter will test the proposition that the low frequency components of the D M /$  ex ­

change ra te  can be better forecast w ith "structural" models than  can the original series and fu r­

ther tha t by considering separate models for the underlying high frequency filtered D M /$  

exchange rate  (denoted D M /$.L ) and  the high frequency com ponent (D M /$.H ), introduced in 

C hapter 2, forecasting accuracy for the D M /$  can be improved. The plan to  be followed in this 

Chapter is as follows. First, a structural econom etric model will be developed and applied to  

D M /$.L . The sam e specifications will likewise be applied to  the D M /$ . The D M /$.L  equation 

will then be com bined with alternative tim e series models for D M /$ .H  such that forecasts can be 

generated for their sum. These forecasts will then be com pared with the forecasts generated from  

the structural equation for D M /$. R oot m ean square errors will be exam ined for a short term  

forecasting period, the 24 m onths from  January , 1981 through December, 1983 and a longer term  

horizon, the 48 m onths starting January , 1979 and ending December, 1983. N ote tha t the  algo­

rithm  used to  generate forecasts is such tha t the models are reestim ated a t each forecast horizon 

to  reflect only the data tha t was available a t the time.

The first set of structural models to  be employed will be the three m onetary models in tro ­

duced in the previous chapter. Recall all three models have in common the money supply, income 

and interest ra te  variables. In these estimations, m oney supply is taken to  be the M l definition. 

Additionally, 2 variables are used as representative of income. The first is real GNP, available 

quarterly  and interpolated m onthly such th a t the mid m onth of the quarter contains the quarterly

Empirical Tests and Results 18



T a b l e  2

E s t i m a t i o n  o f  t h e  F r e n k e l - B i I s o n  Model U s in g  DM/$.L

P e r i o d  o f  F i t :  J a n u a r y ,  1973 “ D e c e m b e r ,  1983 
Mo de l :  In DM/$.L = a 0 + a j I n  MG/MUS

+  a 2 l n  V g /Y us +  s j O q  -  I us) *+■c

Ca se  1. Y ' s  a r e  m o n t h l y  i n t e r p o l a t i o n s  o f  q u a r t e r l y  r e a l  GNP.

a a a a Rho SEE R2 DW
0 1 2 3

OLS . H*1 - 1 . 1 5 8 .0 2 0 . 0 0 7 .0 69 .63 0 . 0 5
( 1 . 6 ) ( 9 . 3 ) ( 0 . 4 ) ( 2 . 5 )

GLS .8 1 9 - . 1 1 6 - .001 . 0 0 0 . 9 9 9 .006 • 32 0 . 1 0
( 6 . 9 ) ( 2 . 5 ) ( o . 4 ) ( 0 . 3 )

C a s e  2 . Y ' s  a r e  m o n t h l y  i n d i c e s  <o f  I n d u s t r i a l P r o d u c t i o n .

a a a a Rho SEE R2 DW
0 1 2 3

OLS .1 1 6 - 1 . 1 6 2 1 . 1 7 0 - . 0 0 4 . 05 8 . 7 4 0 . 1 7
( 1 . 8 ) ( 1 1 . 4 ) ( 7 . 6 ) ( 1 . 3 )

GLS .819 - . 1 1 5 .018 . 0 0 0 . 99 9 .0 0 6 • 33 0 . 1 0
( 6 . 9 ) ( 2 . 5 ) ( 0 . 6 ) ( 0 . 2 )

N o t e s :  1. A b s o l u t e  T v a l u e s  in p a r e n t h e s e s .
2 .  GLS u s e s  a  C o c h r a n e / O r c u t t  c o r r e c t i o n  f o r  f i r s t  o r d e r  

s e r i a l  c o r r e l a t i o n .
3 .  SEE i s  s t a n d a r d  e r r o r  o f  e s t i m a t e .
4 .  R2 i s  R s q u a r e d  a d j u s t e d  f o r  d e g r e e s  o f  f r e e d o m .
5 .  DW i s  t h e  D u r b i n / W a t s o n  s t a t i s t i c .

Empirical Tests and Results 19
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T a b l e  3

E s t i m a t i o n  o f  t h e  F r a n k e l - D o r n b u s c h  Model u s i n g  DM/$.L

P e r i o d  o f  F i t :  J a n u a r y ,  1973 “ D ecem b er ,  1983 

Mode 1: In D M / $ . L = a g  + a i l n  Mq/Mus

+ a 2 l n  Yq/Y(js +  3 3 ( I g  — I us) +  a i»(irG -  ’’’us) +  £

C ase  1. Y ' s  a r e  m o n t h l y  i n t e r p o l a t i o n s  o f  q u a r t e r l y  r e a l  GNP.

a
0

a
1

a
2

a
3

a
4

Rho SEE R2 DW

OLS .3 65
( 5 . 8 )

- . 8 2 5
( 8 . 6 )

1 . 1 2 5
( 8 . 7 )

- . 0 0 4
( 1 . 6 )

. 0 1 4
( 7 . 5 )

. 0 4 8 .8 2 0 . 2 1

GLS .824
( 7 . 2 )

- . 1 0 7
( 2 . 3 )

. 0 2 4
( 0 . 9 )

.000
( 0 . 2 )

.0 0 2
( 2 . 2 )

.9 9 9 .005 . 3 6 0 . 1 6

Case  2 . Y ' s  a r e m o n t h l y  i n d i c e s  o f  I1 n d u s t r  i I a 1 P r o d u c t i o n i .

a
0

a
1

a
2

a
3

a
4

Rho SEE R2 DW

OLS .4 0 5
( 4 . 7 )

- . 8 0 2
( 6 . 5 )

0 . 0 2 2
( 0 . 5 )

.0 07
( 2 . 7 )

.015
( 6 . 3 )

.061 .71 0 . 0 6

GLS .8 22
( 7 . 2 )

- . 1 0 9
( 2 . 3 )

- . 0 0 1
( 0 . 1 )

.0 0 0
( 0 . 3 )

. 00 2
( 2 . 1 )

.9 99 .005 . 3 6 0 . 1 5

N o t e s :  1. T v a l u e s  in p a r e n t h e s e s .
2 .  GLS u s e s  a  C o c h r a n e / O r c u t t  c o r r e c t i o n  f o r  f i r s t  o r d e r  

s e r i a l  c o r r e l a t i o n .
3 .  SEE i s  s t a n d a r d  e r r o r  o f  e s t i m a t e .
4 .  R2 i s  R s q u a r e d  a d j u s t e d  f o r  d e g r e e s  o f  f r e e d o m .
5 .  DW i s  t h e  D u r b i n / W a t s o n  s t a t i s t i c .
6 .  v  ( e x p e c t e d  i n f l a t i o n )  i s  t a k e n  t o  be  t h e  m os t  

r e c e n t  12 month c h a n g e  in c o n su m e r  p r i c e s .

Empirical Tests and Results 20



Model

Case

OLS

GLS

Case

OLS

GLS

No te s

T a b l e  4

E s t i m a t i o n  o f  t h e  H o o p e r - M o r t o n  Model u s i n g  DM/S.L

P e r i o d  o f  F i t :  J a n u a r y ,  1973 -  D e c e m b e r ,  1983 

: 1 n D M / $ . L = a g  + a i 1 n  Mg/Mgs + 321 n Yq/Y(js
+ a 3( 1 G “ I us) + aj*(iTG -  njs) + ajTBgs + afcTBu + e

Y ' s a r e  mon t h l y  in t e r p o l a t io n s  o f q u a r t e r ly  r e a l  GNP.

a a a a a a a  Rho SEE R2
0 1 2 3 4 5 6

.8 1 6 - 1 . 5 5 5 1 .6 6 9 - . 0 1 0 .0 14 .2 9 4 . 0 5 7 .034 .91
( 4 . 1 ) ( 1 3 . 9 ) ( 6 . 1 ) ( 5 . 1 ) ( 9 . 5 ) ( 7 . 6 ) ( 4 . 7 )

.9 9 7 - .  108 .1 6 9 .0 0 0 .002 .0 2 6  - . 0 2 2  .9 9 9 .005 .35
( 6 . 6 ) ( 2 . 3 ) ( 1 . 1 ) ( 0 . 0 ) ( 1 . 9 ) ( 0 . 5 ) ( 1 . 3 )

Y ' s a r e  mon t h l y  i n d i c e s  o f 1n d u s t r i a l  P r o d u c t i o n .

a a a a a a a Rho SEE R2
0 1 2 3 4 5 6

.1 9 9 - 1 . 6 1 3 .5 9 2 - . 0 1 0 .011 .3 09 .0 5 8 .035 .91
( 2 . 3 ) ( 1 4 . 4 ) ( 5 . 5 ) ( 5 . 0 ) ( 8 : 1 ) ( 8 . 1 ) ( 4 . 7 )

.9 0 5 - . 1 0 3 .0 22 .0 0 0 .0 02 .029  - . 0 2 3  .9 99 .005 .35
( 7 . 1 ) ( 2 . 2 ) ( 0 . 8 ) ( 0 .  1) ( 1 . 9 ) ( 0 . 6 ) ( 1 . 3 )

1. T v a l u e s  in p a r e n t h e s e s .
2 .  GLS u s e s  a C o c h r a n e / O r c u t t  c o r r e c t i o n  f o r  f i r s t  o r d e r  

s e r i a l  c o r r e l a t i o n .
3 .  SEE i s  s t a n d a r d  e r r o r  o f  e s t i m a t e .
4 .  R2 i s  R s q u a r e d  a d j u s t e d  f o r  d e g r e e s  o f  f r e e d o m .
5 .  DW i s  t h e  D u r b i n / W a t s o n  s t a t i s t i c .
6 .  tr ( e x p e c t e d  i n f l a t i o n )  i s  t a k e n  t o  be  t h e  m o s t  

r e c e n t  12 month  c h a n g e  in  co n s u m e r  p r i c e s .
7 .  TB i s  t h e  T r a d e  B a l a n c e  d i v i d e d  by i n t e r p o l a t e d  n om in a l  

GNP and  c u m u l a t e d .

Empirical Tests and Results 21



average. The o ther income variable is the m onthly index of industrial production. Finally, in ter­

est rates are taken to  be m arket determ ined short term  rates.18 U nfortunately, all three models fail 

as candidates to  explain D M /S.L . The backbone of the m oney approach is the expected coeffi­

cient of positive 1.0 on the relative m oney supply variables. As shown in Tables 2 through 4, this 

coefficient is always a highly significant negative 1.0. This finding, by the way, is consistent with 

recent empirical work on the D M /$  by Frankel (1982) who offers the explanation tha t the ap­

parent flip in sign is due to  the exclusion of wealth in the m oney dem and equation. I am  m ore in­

clined to  view the flip in sign as indicative of the failure of absolute purchasing pow er parity as the 

rationale behind exchange ra te  movements.

All of the following empirical w ork in this chapter will focus upon four variables which are 

considered fundam ental to  exchange rate  determ ination. Of the four, tw o have already appeared 

in the money models namely the curren t account balance and relative interest rates. The current 

account balance, it will be recalled, was used by Hooper and M orton under the assumption that 

changes in the long run real exchange rate are correlated w ith unanticipated shocks to  the current 

account. However, the curren t account balance also appears in the portfolio-balance approach 

(Frankel (1982), Dornbusch and Fischer (1982)) which Frankel explains as follows.

In the portfolio-balance approach, domestic and foreign bonds are  assumed to  be 
imperfect substitutes. Due to exchange risk or other factors, investors wish to  diversify 
their bond holdings across currencies. Thus the exchange ra te  becomes not just the rel­
ative price of foreign and domestic money, but the relative price of foreign and domestic 
assets. If w e m ake the fu rther assumption tha t foreign residents have a greater propen­
sity to hold foreign assets relative to  domestic residents, then we get the result that a 
domestic curren t account deficit, which redistributes w ealth from  domestic to  foreign 
residents, will raise the net world dem and for foreign assets and  thus raise the price of 
the foreign exchange.

18 Sources of all data are  provided in the D ata Appendix. 
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Following the lead of Hooper and M orton, the curren t account as used here, denoted CCABY, 

will be G erm any’s current account balance divided by interpolated nominal GN P and cum ulated 

over time.

The second and th ird  fundam entals to  be addressed, the relative rates of interest (RI) and the 

relative rates of real interest (R R I),19 also have underpinnings in the portfolio-balance approach. 

H ere it is assumed tha t investors move funds across borders in search of optimal rates of return  

(or real re turn) such that an  increase in relative interest rates betw een the U.S. and  G erm any 

causes an excess dem and for U.S. dollars and a decrease in dem and for m arks culminating in a 

depreciation of the D M /$.

The final fundam ental I will employ is the relative ra te  of inflation (denoted PPP) and defined 

as the twelve m onth percent change in U.S. consum er prices less the same for G erm any.20 This is 

a version of relative purchasing pow er parity and the argum ent for it basically says th a t in the 

world of traded goods, for a country to  m aintain its competitiveness, its exchange rate  m ust adjust 

so as to  offset domestic inflation differentials. Given the w ay variables have been defined in this 

paper, the following relationships are  expected to  hold:

19 H ere the real ra te  is defined as the nominal dom estic ra te  of interest minus the percent 
change over 12 m onths in domestic consum er prices.

20 The choice of the proper price series to  use is an ongoing argum ent in PPP literature. Officer 
(1976) addresses this point. C onsum er prices are used here because there  is m ore definitional 
uniformity.
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Ex c h a n g e  r a t e  and

CCABY n e g a t i v e

Rl p o s i t i v e

RRI p os  i t  i ve

PPP p o s i t i v e

To get a flavor for how the exchange rates and the fundam entals have interacted and also to  

see w hy present day forecasting has been so difficult consider Tables 5 and 6 which detail simple 

correlation coefficients between contem poraneous values of the fundam entals and the D M /$  and 

D M /$.L  exchange rates respectively. Additionally, Figures 5 through 12 give a pictorial repre­

sentation of the same observances. The thrust of this paper would imply th a t the correlations 

should be stronger between the fundam entals and D M /S.L  ra ther than  between D M /$ , as D M /$  

is subject to non-fundam ental shocks and while this is, in general, marginally true both the filtered 

and unfiltered exchange rates still suffer from  a total fall off of their fundam ental relationships in 

the post 1981 period. Only RI which a t least moves in the right direction is im m une from this fall 

off though it is nonetheless a totally uncorrelated relationship. P art of this fall off m ay be due to 

the argum ent recently expressed in several periodicals tha t since 1981 the U.S. has been envi­

sioned as a "safe haven" among the w orld’s turm oil and therefore is "the" place to  have funds in­

vested which, again, create upw ard dem and pressure appreciating the $ and therefore causing 

other m ajor currencies, such as the DM, to  depreciate. The "safe haven" argum ent in the context 

of this paper should show up then in the D M /$.H , however, the rapid fall off in the relationships 

betw een the fundam entals and D M /S.L  does not bode well for this occurence.

Before exam ing the "fundam entals" model for D M /S.L  and  D M /$ , I would like to  say a  few 

words about the models developed for D M /S.H . Initially, it is assum ed that the D M /S.H  is gen-
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T a b l e  5

S i m p l e  C o r r e l a t i o n  C o e f f i c i e n t s  
Be tween  DM/$ and

CCABY Rl RR I PPP

1973 - 1983 1 vn - . 4 9 1 • 317 . 8 4 2

1974 - 1983 - .737 - . 4 4 6 • 395 . 8 2 5

1975 - 1983 - .7 0 6 - . 3 1 1 .661 .9 0 3

1976 - 1983 - .692 - . 3 0 6 .721 .9 2 6

1977 - 1983 - . 6 9 7 - . 2 2 6 .7 3 0 .9 2 2

1978 - 1983 - . 7 3 2 - . 1 5 9 .7 6 5 .9 2 2

1979 - 1983

OOCM1 - . 0 8 9 .801 . 9 3 0

1980 - 1983

poCMNO1 . 0 67 .8 1 6 .9 1 5

1981 - 1983 .3 4 0 .043 .601 .7 0 7

1982 - 1983 .5 28 .0 0 5 .232 .413

Empirical Tests and Results 25



1973

1974

1975

1976

1977

1978

1979

1980 

1981 

1982

T a b l e  6

S i m p l e  C o r r e l a t i o n  C o e f f i c i e n t s
Between  DM/5.L and

CCABY Rl RRI PPP

1983 - . 7 8 4 - . 6 2 5 .047 .680

1983 - . 8 1 0 - . 5 7 6 .1 4 6 .6 3 9

1983 - . 7 5 5 - . 4 2 9 .4 57 . 7 6 7

1983 - . 7 3 5 - . 3 7 6 .6 7 5 . 92 4

1983 - . 7 7 6 - . 2 8 8 .70 6 .9 3 5

1983 - . 8 0 2 - . 2 3 6 .739 .9 4 0

1983 - . 7 7 4 - . 1 4 8 .8 05 . 9 6 8

1983 - . 5 7 3 .0 39 .8 66 .991

1983 . 44 4 . 02 6 .806 . 97 3

1983 .7 4 7 .007 .476 .8 5 5
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erated  via an  ARIM A process. This is justifiable if one reasons th a t the high frequency compo­

nents are produced by random  shocks tha t tend to  be pervasive and w ear aw ay slowly. For 

exam ple, a governm ent-union confrontation in Poland is likely to  have an  im m ediate effect on 

G erm any’s exchange ra te  and even after this confrontation is no longer news there is bound to 

rem ain some nervousness which in some w ay or another is going to  affect the m ark. A fter per­

forming the standard Box-Jenkins analysis, inspection of estim ated autocorrelation and partial 

autocorrelation functions reveal th a t D M /S.H  is stationary in its level and appears to  follow an 

A R (2) process. The interested reader will find the correlogram  and partial correlogram  in Figures 

13 and 14. The residuals from  this estimation give no signal tha t testing of a different order is 

called for. In addition to  the A R (2), it is also hypothesized th a t D M /S .H  can be generated via a 

random  walk (or no change) model. The result of this random  walk specification may be very 

interesting. As the footnote at the conclusion of Chapter 3 suggests, several authors have claimed 

the  exchange ra te  follows a random  walk. It may turn  out to  be the case however, only in tha t the 

exchange rate  contains a random  walk component.

The first a ttem pt a t a model for D M /S.L  using the aforem entioned fundam entals takes the 

form  of a vector autoregression (V A R ) such as that introduced in Sims (1964). The choice of a 

V A R  specification is intuitively appealing for two m ajor reasons. First, it endogenizes21 all vari­

ables and therefore eliminates the forecasting bias tha t was seen in Meese and Rogoff. M oreover, 

the V A R  incorporates lagged dependent variables as explanatory variables which is consistent 

w ith the expectational approach of m any authors, such as Argy and Sem udram  (1981). The sig­

nificance of the lag structure  in the V A R  was found to be maximized w ith a second order (i.e. lags 

1 and 2 of all variables appear on the right hand side of all equations) specification using CCABY,

21 It endogenizes all variables in the sense tha t the forecaster need not supply his own 
exogenous inputs for the fundam entals.
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C o r r g I o g r a *  0 * C M / f . H

R e p r e s e n t s  * / -  Two  S t o n d o r d  D e v i a t i o n s

0

1
I — 
I / 1 / c

2 I / 1 / c 1
3 I / 1 /  c 1
4 I 1 c 1
5 I 1 c / 1
6 I 1 c / 1
7 I c / 1
6 I 1 c / 1
9 I 1 c / 1

10 I / 1 c / 1
11 I / 1 c / 1
12 I / 1 c / 1
13 I / 1 c / 1
14 J / 1C / 1
15 I / c / 1
16 I / Cl / 1
17 I / Cl / 1
18 I / C 1 / 1
19 I / C 1 / 1
20 I / C 1 / 1
21 1 / c 1 / 1
22 1 / c / 1
23 1 / c 1 / 1
24 1 / C 1 / 1
25 1/ c 1 / 1
26 1/ c 1 / 1
27 1/ c 1 / 1
28 / c 1 / 1
29 / c 1 / 1
30 /

1 —
c 1 / I

Figure 13
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P o r t i o l  C o r r e l o g r a m  o f  D M / S . H

" / "  R e p r e s e n t s  ■ * / -  T w o  S t a n d a r d  D e v i a t i o n s

0
I ...........

1 / I / P
2 /  P 1 / 1
3 / IP / 1
4 /  P 1 / 1
5 / P 1 / 1
6 / 1 P / 1
7 / 1 / P
6 / P 1 / 1
9 / P / 1

10 / P /
11 /  P 1 / 1
12 / 1 P / 1
13 /  P 1 / 1
14 / P /
15 / P / I
16 / IP / I
17 / PI / 1
18 / P 1 / 1
19 / P 1 / 1
20 / P / 1
21 /  P 1 / 1
22 / P 1 / 1
23 / P 1 / 1
24 /  P 1 / 1
25 / PI / 1
28 / 1 P / 1
Z7 / P / 1
28 /  P 1 /
29 / P 1 / !
30 t

1----------
IP / 1

Figure 14
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R l and  PPP. The result regarding R l instead of R R I in light of the correlations indicated in Table 

6 is som ewhat surprising.

The results of the  RMSE analysis under the above V A R specification for both D M /$.L  and 

D M /$  are reported in Table 7 for the  short term  horizon results and in Table 8 for the longer term  

horizons. On the surface, these results are very encouraging. Both the D M /S based VAR and the 

D M /$.L  based V A R com bined with the D M /S.H  time series models out-perform  a random  walk 

unlike the results of Meese and Rogoff.22 The decomposition based models are  superior to the un­

decomposed model for all horizons in the longer term  and for the 24 m onth horizon in the shorter 

term . In this instance, it also appears that D M /S.H  is better forecast w ith ARIM A than it is when 

assumed to  be a random  walk. A nother observation tha t can be m ade from  Tables 7 and 8 is that 

the m ajority of the erro r in the frequency decomposition based model is coming from the 

D M /S.H  portion and that the fundam entals appear to be doing a good job of predicting D M /S.L. 

This however, upon further inspection, is shown to be un true and subsequently leads to  the dis­

missal of the above specified V A R as a candidate model.

Tables 9 through 12 provide the statistics behind the estimation of the VAR. Focussing on 

Table 9, one can observe the problem s with this model. First, the R l and PPP variables must be 

dismissed as having the wrong theoretical sign, further the overall effect of the CCABY on 

D M /S.L  is very marginal. All of the  significance seen in the low RMSEs of Tables 7 and 8 are 

being produced via the m om entum  of the lagged dependent variables. This is a problem for fore­

casting, as the  lags will keep moving D M /S.L  in one direction and the other variables do not have

22 Table 7 also reports the results of an ARIM A model used as a control model for D M /S. This 
is found to  take the form  of a M A (1), but its results are so poor tha t is will be disregarded in 
subsequent discussion.
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T a b l e  7

Ro o t  Mean S q u a r e  F o r e c a s t  E r r o r s  1/81 -  12 /8 3

V e c t o r  A u t o r e g r e s s i o n  I n c o r p o r a t e s  CCABY, Rl and  PPP

Model

Hor i zon

12 m on th s 2*1 m o n th s

1. V e c t o r  A u t o g r e s s i o n  
F o r e c a s t i n g  DM/S.L 
Combined w i t h  
ARIMA ( AR( 2 ) )  F o r e ­
c a s t i n g  DM/S.H

DM/S.L . 0 0 9 9 0 . 0 ^ 9 ^ 2

DM/S .1 2 5 1 9 .1 3 8 0 2

2 .  V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/S

DM/S .1 2 2 6 8 . 255*10

3 .  ARIMA (MA(1)) 
F o r e c a s t i n g  DM/S

DM/S -597A7

k .  Random Walk S p e c i f i c a t i o n  

DM/S .1 8 3 7 7 . 32^8 5

5 .  V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/$.L 
Combined w i t h  a 
Random Walk S p e c i f i c a t i o n  
f o r  DM/S.H

DM/$ .12 ^ 2 3 . 14800
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T a b l e  8

Root  Mean S q u a r e  F o r e c a s t  E r r o r s  1 /79  “ 12 /8 3  

V e c t o r  A u t o r e g r e s s i o n  I n c o r p o r a t e s  CCABY, Rl and  PPP

Model 12 m nth s

Hor izon  

24 m nth s 36 m nths 48 m nt hs

1. V e c t o r  A u t o g r e s s i o n  
F o r e c a s t i n g  DM/$.L 
Combined w i t h  
ARIMA ( A R ( 2 ) ) F o r e ­
c a s t i n g  DM/S.H

DM/$. L .01 19 3 . 0 4 5 6 7 . 0 6 8 8 9 . 0 3 6 7 6

DM/$ . 1^1152 . 1 2 8 4 7 . 1 2 0 1 9 . 1 7 0 0 6

2 .  V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/S

DM/$ . 1 5 9 3 6 . 2 3 7 7 2 .2 8 9 5 7 . 3 6 2 8 2

3 .  Random Walk S p e c i f i c a t i o n  

DM/$ .2 70 56 . 4 7 0 4 7 . 6 6 8 1 3 .72481

4 .  V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/S.L 
Combined w i t h  a 
Random Walk S p e c i f i c a t i o n  
f o r  DM/S.H

DM/$ . 1 7 8 4 6 .20 5 9 6 .2 4 4 7 5 . 2 7 2 2 8
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T a b l e  9

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/ $. L,  CCABY, Rl and  PPP

D e p e n d e n t  V a r i a b l e :  DM/$.L 
P e r i o d  o f  F i t :  J a n u a r y ,  1974 “ D e c e m b e r ,  1983

C o e f f  i c e n t T - v a l u e

C o n s t a n t . 0 0 7 9 17 .5

DM/$. L : LAG 1 1 .9 7 3 7 9 3 4 . 0
LAG 2 - . 9 7 7 0 - 4 8 0 . 5

CCABY: LAG 1 .0 0 1 6 1.3
LAG 2 - . 0 0 3 2 - 2 . 7

R l : LAG 1 - . 0 0 0 0 - 0 . 1
LAG 2 - . 0 0 0 0 - 1 . 2

PPP: LAG 1 - . 0 0 0 1 - 4 . 2
LAG 2 - . 0 0 0 0 - 0 . 2

S t a n d a r d  E r r o r  o f  E s t i m a t e :  .00 0 1 4

RBAR S q u a r e d :  1 .0 0

D u r b i n / W a t s o n :  0 . 2 6

Empirical Tests and Results 41



T a b l e  10

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/S.L,  CCABY, Rl and  PPP

D e p e n d e n t  V a r i a b l e :  CCABY 
P e r i o d  o f  F i t :  J a n u a r y ,  1974 -  D ecem b er ,  1983

C o e f f  i c e n t T - v a l u e

C o n s t a n t . 0 5 4 4 1 . 7

DM/$.L: LAG 1 - . 5 0 6 4 - 3 . 4
LAG 2 .4 9 7 2 3 . 5

CCABY: LAG 1 1 . 3 6 8 3 1 5 .8
LAG 2 - . 4 1 2 3 - 4 . 9

R l : LAG 1 - . 0 0 0 9 - 1 . 1
LAG 2 .0 0 0 9 1.1

PPP: LAG 1 - . 0 0 1 0 - 0 . 5
LAG 2 . 0 0 1 3 0 . 6

S t a n d a r d  E r r o r  o f  E s t i m a t e :  . 0 1 0 0

RBAR S q u a r e d :  0 . 9 9 7

D u r b i n / W a t s o n :  2 . 5 1
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T a b l e  11

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$.L,  CCABY, Rl a nd  PPP

D e p e n d e n t  V a r i a b l e :  Rl 
P e r i o d  o f  F i t :  J a n u a r y ,  1974 -  D ecem b er ,  1983

C o e f f i c e n t  T - v a l u e

C o n s t a n t -1.1781* - 0 . 3

DM/$.L: LAG 1 26 .5 0 3 1 1 .6
LAG 2 - 2 6 . 7 0 7 2 - 1 . 6

CCABY: LAG 1 6.1*110 0 . 6
LAG 2 - 2 . 3 7 7 8 - 0 . 2

R l : LAG 1 .76 63 8 . 2
LAG 2 - . 1 9 1 5 - 2 . 1

PPP: LAG 1 . 1013 0.1*
LAG 2 .0 1 2 8 0 . 1

S t a n d a r d  E r r o r  o f  E s t i m a t e :  1.11*92

RBAR S q u a r e d :  0 . 7 1

D u r b i n / W a t s o n :  2 . 0 0

Empirical Tests and Results 43



T a b l e  12

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$. L,  CCABY, Rl and  PPP

D e p e n d e n t  V a r i a b l e :  PPP 
P e r i o d  o f  F i t :  J a n u a r y ,  1974 -  D ecem b er ,  1983

C o e f f i c e n t  T - v a l u e

C o n s t a n t - 2 . 8 9 4 2 - 2 . 0

DM/$. L : LAG 1 1 2 .7 5 2 4 1 .9
LAG 2 - 1 1 . 7 5 2 8 - 1 . 8

CCABY: LAG 1 - . 8 7 6 8 - 0 . 2
LAG 2 1 .5 6 0 4 0 . 4

R l : LAG 1 - . 0 3 6 1 - 1 . 0
LAG 2 .0 7 4 4 2 . 0

PPP: LAG 1 1 .0 4 8 5 10 .9
LAG 2 - . 0 8 2 4 - 0 . 8

S t a n d a r d  E r r o r  o f  E s t i m a t e :  0 . 4 6 7 0

RBAR S q u a r e d :  0 . 9 6 9

D u r b i n / W a t s o n :  1 .9 7
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enough power (large enough coefficents) to  produce turning points. Part of the excellent ex-post 

perform ance of this D M /$ .L  V A R stems from  the fact tha t in the forecast period D M /$.L  was 

essentially moving on a unidirectional path  (refer back to  Figure 3). A nother problem observed 

in Table 9 and one tha t will reappear throughout is the very low D urbin/W atson statistic. H ow ­

ever, in this case this is not serious as Figure 15 reveals that the actual and estim ated values come 

out right on top of each other.

The VA R specification dismissed above for D M /$.L  is actually not tha t bad when applied to  

D M /$, as Tables 13 through 16 reveal. The fundam entals are  overall marginally significant w ith 

generally correct signs though again most forecasts are being generated directly from  the lagged 

dependent variable. A plot of the fit for D M /$  under this specification is provided in Figure 16.

F urther empirical research concludes th a t the optimal V A R specification of the fundam entals 

is a  first degree VA R consisting surprisingly of only CCABY and, again, R l. Under these cir­

cumstances, the RMSE analysis presented in Tables 17 and 18 are disappointing and not a t all 

supportive of the proposition set out a t the beginning of the chapter. For both the short term  and 

long term  horizons, again both the D M /$ .L  VA R combined with the D M /$ .H  ARIM A as well as 

the D M /$  based V A R  outperform  the  random  walk. However, this tim e the  D M /$  based VA R 

is clearly superior to  the decomposition based models, especially in the longer term  forecasts. 

Replacing the D M /$ .H  A RIM A  w ith a random  walk specification yields no improvement. The 

estim ation statistics, Tables 19 through 21 for D M /$.L  and Tables 22 through 24 for D M /$ do not 

present any of the  problems tha t w ere observed in the prior V A R specification. Again, the lagged 

dependent variable is the prim e determ inant though the fundam entals are  all statistically signif­

icant w ith the correct economic sign. The D M /$ .L  equation again suffers from  first order serial
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T a b l e  13

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$,  CCABY, Rl and  PPP

D e p e n d e n t  V a r i a b l e :  DM/$
P e r i o d  o f  F i t :  J a n u a r y ,  197** -  D e c e m b e r ,  1983

C o e f f  i c e n t T - v a l u e

C o n s t a n t . 4573 3 . 2

DM/$: LAG 1 1 . 0 9 3 5 1 1 .6
LAG 2 - . 2 3 5 0 - 2 . 5

CCABY: LAG 1 -.8021 - 1 . 9
LAG 2 .66**** 1 . 5

Rl : LAG 1 .0081 1 . 9
LAG 2 - . 0 0 5 8 -1.1*

PPP: LAG 1 .021** 2 . 0
LAG 2 -.0101* - 1 . 0

S t a n d a r d  E r r o r  o f  E s t i m a t e :  . 0 5 1 0

RBAR S q u a r e d :  0 . 9 7

D u r b i n / W a t s o n :  1 .8 7
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T a b l e  1*1

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$,  CCABY, Rl and  PPP

D e p e n d e n t  V a r i a b l e :  CCABY 
P e r i o d  o f  F i t :  J a n u a r y ,  1974 -  D ecem b er ,  1983

C o e f f  i c e n t T - v a l u e

C o n s t a n t 1 o 10 UJ - 1 . 4

DM/$: LAG 1 - . 0 3 6 1 - 1 . 9
LAG 2 . 0 5 5 0 2 . 9

CCABY: LAG 1 1 . 3 9 9 8 1 6 .5
LAG 2 - . 4 0 0 0 - 4 . 7

R l : LAG 1 - .0005 - 0 . 6
LAG 2 .0 0 0 0 0 . 1

PPP: LAG 1 - . 0 0 2 9 - 1 . 4
LAG 2 . 0 0 2 9 1 .4

S t a n d a r d  E r r o r  o f  E s t i m a t e :  .0 1 0 2

RBAR S q u a r e d :  0 . 9 9 7

D u r b i n / W a t s o n :  2 .5 1
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T a b l e  15

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$,  CCABY, Rl and PPP

D e p e n d e n t  V a r i a b l e :  Rl 
P e r i o d  o f  F i t :  J a n u a r y ,  197** -  D ecem b er ,  1983

C o e f f i c e n t  T - v a l u e

C o n s t a n t 8 . 0 2 3 6 2 .6

DM/$: LAG 1 - 5 . 2 5 6 2 - 2 . 5
LAG 2 2 .3 5 1 1 1.1

CCABY: LAG 1 -2.**758 - 0 . 3
LAG 2 2 . 5 7 7 8 0 . 3

Rl : LAG 1 . 7 8 8 8 8 . 3
LAG 2 - .1310 - 1 . 5

PPP: LAG 1 .0636 0 . 3
LAG 2 . 1 7 8 5 0 .8

S t a n d a r d  E r r o r  o f  E s t i m a t e :  1.11**1

RBAR S q u a r e d :  0 . 7 2

D u r b i n / W a t s o n :  1 .9 8
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T a b l e  16

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$,  CCABY, Rl and  PPP

D e p e n d e n t  V a r i a b l e :  PPP 
P e r i o d  o f  F i t :  J a n u a r y ,  197** -  D ecem b er ,  1983

C o n s t a n t  

DM/$:

CCABY:

R l :

PPP:

LAG 1 
LAG 2

LAG 1 
LAG 2

LAG 1 
LAG 2

LAG 1 
LAG 2

C o e f f  i c e n t

-.3**91

.9 7 2 5
- . 7 5 5 9

- 1 . 0 1 1 9
.*♦800

- . 0 3 7 1
.08*40

1.1088 
- . 1 5 8 1

T - v a l u e

- 0 . 3

1 . 1
- 0 . 8

- 0 . 3
0 . 1

- 0 . 9
2 . 2

11 .3
- 1 . 6

S t a n d a r d  E r r o r  o f  E s t i m a t e :  0.*4752

RBAR S q u a r e d :  0 . 9 6 7

D u r b i n / W a t s o n :  1 .9 9
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T a b l e  17

Root  Mean S q u a r e  F o r e c a s t  E r r o r s  1/81 -  12 /8 3

V e c t o r  A u t o r e g r e s s i o n  I n c o r p o r a t e s  CCABY a n d  Rl

Model

Hor i zon

12 m on th s 2*4 m o n th s

1. V e c t o r  A u t o g r e s s i o r ,  
F o r e c a s t i n g  DM/S.L 
Combined w i t h  
ARIMA ( AR( 2 ) )  F o r e ­
c a s t i n g  DM/S.H

DM/S.L .0*4070 .06*408

DM/S .15991 . 19951*

2.  V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/S

DM/S .1*4911 .22721

3.  Random Walk S p e c i f i c a t i o n  

DM/S .18377 .32*485

*4. V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/S.L 
Combined w i t h  a 
Random Walk S p e c i f i c a t i o n  
f o r  DM/S.H

DM/S . 1*4758 .18571
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T a b l e  18

Root  Mean S q u a r e  F o r e c a s t  E r r o r s  1 /7 9  -  12 /83

V e c t o r  A u t o r e g r e s s i o n  I n c o r p o r a t e s  CCABY and  Rl

Model 12 m n ths

Hor i zon 

2*1 m nt hs 36 m n ths *18 m nt hs

1. V e c t o r  A u t o g r e s s i o n  
F o r e c a s t i n g  DM/$.L 
Combined w i t h  
ARIMA ( A R ( 2 ) ) F o r e ­
c a s t i n g  DM/$.H

DM/S.L . 07H*3 .15381 .2 18 37 .21326

DM/$ . 17132 .2*15*11 .31202 .3*1*167

2 .  V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/$

DM/$ . 16*197 .22660 . 2 9 8 6 7 .3 8 3 6 6

3.  Random Walk S p e c i f i c a t i o n  

DM/$ .2 7 0 5 6 .*170*17 .66 81 3 .72*181

*1. V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/S.L 
Combined w i t h  a 
Random Walk S p e c i f i c a t i o n  
f o r  DM/S.H

DM/$ . 2 2 3 0 5 .3*1372 .*15767 .*♦*171*1
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T a b l e  19

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/ S. L,  CCABY a nd  Rl

D e p e n d e n t  V a r i a b l e :  DM/$.L 
P e r i o d  o f  F i t :  J a n u a r y ,  197*1 -  D e c e m b e r ,  1983

C o e f f i c e n t T - v a l u e

C o n s t a n t .2001 13 -9

DM/S.L: LAG 1 .9*10*1 19 9 .8

CCABY: LAG 1 - . 0 9 9 1 - 1*1.6

Rl : LAG 1 . 001*1 3 . 6

S t a n d a r d  E r r o r  o f  E s t i m a t e :  . 0 0 7 5

RBAR S q u a r e d :  0 . 9 9 9

D u r b i n / W a t s o n :  0 . 0 7
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T a b l e  20

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$.L,  CCABY and  Rl

D e p e n d e n t  V a r i a b l e :  CCABY 
P e r i o d  o f  F i t :  J a n u a r y ,  197*4 -  D e c e m b e r ,  1983

C o n s t a n t  

DM/$. L : 

CCABY:

R l :

LAG 1 

LAG 1 

LAG 1

C o e f f  i c e n t  

1080 

.0*430 

1.0238 

- .0013

T - v a l u e

-*4.5

5 - 5

9 1 . 2

- 1 . 9

S t a n d a r d  E r r o r  o f  E s t i m a t e :  .012*4

RBAR S q u a r e d :  0 . 9 9 5

D u r b i n / W a t s o n :  0 . 9 5
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T a b l e  21

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$.L,  CCABY and  Rl

D e p e n d e n t  V a r i a b l e :  Rl 
P e r i o d  o f  F i t :  J a n u a r y ,  197*4 -  D e c e m b e r ,  1983

C o e f f i c e n t  T - v a l u e

C o n s t a n t  . 8 7 8 2  0.*4

DM/$.L:  LAG 1 - . 5 1 5 0  - 0 . 7

CCABY: LAG 1 1 .1 9 1 5  1.1

R l :  LAG 1 . 6 9 5 8  11.1

S t a n d a r d  E r r o r  o f  E s t i m a t e :  1.1638

RBAR S q u a r e d :  0 . 7 0

D u r b i n / W a t s o n :  1 .7 8

Empirical Tests and Results 56



T a b l e  22

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$,  CCABY and  Rl

D e p e n d e n t  V a r i a b l e :  DM/$
P e r i o d  o f  F i t :  J a n u a r y ,  1971* -  D e c e m b e r ,  1983

C o e f f i c e n t T - v a l u e

C o n s t a n t . 2 k 6 k 3 . 0

DM/$: LAG 1 .9 3 8 2 3 6 . 3

CCABY: LAG 1 - . 1 7 3 0 - 3 - 7

Rl : LAG 1 .0 1 0 0 3 - 1*

S t a n d a r d  E r r o r  o f  E s t i m a t e :  .0 5 5 1*

RBAR S q u a r e d :  0 . 9 6

D u r b i n / W a t s o n :  1.51
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T a b l e  23

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$,  CCABY and Rl

D e p e n d e n t  V a r i a b l e :  CCABY 
P e r i o d  o f  F i t :  J a n u a r y ,  1974 -  D e c e m b e r ,  1983

C o e f f i c e n t  T - v a l u e

C o n s t a n t  - . 0 8 2 3  “ 4 . 5

DM/$: LAG 1 .0 3 3 3  5 - 8

CCABY: LAG 1 1 .0 1 9 4  98.3

R l : LAG 1 - . 0 0 1 8  - 2 . 8

S t a n d a r d  E r r o r  o f  E s t i m a t e :  . 0 1 2 3

RBAR S q u a r e d :  0 . 9 9 5

D u r b i n / W a t s o n :  1 .0 0
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T a b l e  24

E s t i m a t i o n  o f  VAR I n c o r p o r a t i n g  DM/$, CCABY and  Rl

D e p e n d e n t  V a r i a b l e :  Rl 
P e r i o d  o f  F i t :  J a n u a r y ,  1974 ~ D e c e m b e r ,  1983

C o e f f i c e n t  T - v a l u e

C o n s t a n t  1 . 4 4 6 6  0 . 8

DM/$: LAG 1 - . 6 8 1 3  - 1 . 3

CCABY: LAG 1 . 9 0 9 9  0 . 9

R l :  LAG 1 .7031  1 1 . 3

S t a n d a r d  E r r o r  o f  E s t i m a t e :  1 .1 58 4

RBAR S q u a r e d :  0 . 7 0

D u r b i n / W a t s o n :  1 . 7 8
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correlation though again this does not appear serious as Figure 17 shows. For comparison, Figure 

18 provides the fit for the D M /$  equation coming out of the V A R specification.

The final model to  be explored makes tw o changes in tactic. Firstly, the V A R specification is 

replaced by O rdinary Least Squares. This change brings back the forecasting bias first observed 

in C hapter 3 however, it allows one to  focus on the model itself as the source of forecasting error. 

Secondly, an econom etric model is derived for D M /$.H . Of the fundam entals addressed in this 

chapter, CCABY and PPP can be thought of as being m ore related to  long run movements in the 

exchange rate  while relative interest rates are  m ore indicative of short run  determ ination. 

D M /S.L, basically a long run concept as expressed in the introduction, will be forecast using the 

contem poraneous values of CCABY and PPP as is shown in Table 25. In this instance, the low 

D urbin/W atson cannot merely be dismissed by appealing to  the fit expressed by Figure 19.23 P art 

of the reason for the positive serial correlation is undoubtedly due to  the inherent smoothing of 

D M /S.L . Additionally, the poor fit betw een 1973 and 1976 m ay be indicative of a slow adjust­

m ent process following the freeing up of exchange rates.

The model for D M /S .H  is now assum ed to include the current period’s R R I as well as the 

lagged dependent variable. This specification holds up well as can be seen in both Table 26 and 

Figure 20. Finally, the  control equation for D M /S utilizes all three of the above fundam entals 

though RRI enters very marginally with its correct sign as indicated in Table 27. A low

23 N ote tha t estim ation using generalized least squares makes no improvement in reducing serial 
correlation.
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T a b l e  25

E s t i m a t i o n  o f  OLS Model f o r  DM/$.L 

P e r i o d  o f  F i t :  J a n u a r y ,  1973 “ D ece m b er ,  1983

C o e f f i c i e n t  T - v a l u e

C o n s t a n t  2 . 7 9 5 4  7 4 . 6

CCABY - . 6 3 4 1  - 9 . 5

PPP .0 2 8 2  5 . 0

S t a n d a r d  E r r o r  o f  E s t i m a t e :  .1 46 4

RBAR S q u a r e d :  .6 7

D u r b i n / W a t s o n :  0 . 0 2
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T a b l e  26

E s t i m a t i o n  o f  OLS Model f o r  DM/$.H 

P e r i o d  o f  F i t :  J a n u a r y ,  1973 “ D e c e m b e r ,  1983

C o e f f i c i e n t  T - v a l u e

C o n s t a n t  - . 0 2 1 5  3-1

RRI .0088  4 . 6

DM/$. H Lagged  1 . 7 6 7 6  19-5

S t a n d a r d  E r r o r  o f  E s t i m a t e :  . 0 6 0 6

RBAR S q u a r e d :  .83

D u r b i n / W a t s o n :  1 .3 3
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T a b l e  27

E s t i m a t i o n  o f  OLS Model f o r  DM/$

P e r i o d  o f  F i t :  J a n u a r y ,  1973 " D e c e m b e r ,  1983

C o e f f i c i e n t  T - v a l u e

C o n s t a n t  2 . 8 7 0 0  5 5 . 5

CCABY - . 5 3 4 4  " 5 - 5

PPP . 0 6 0 6  6 . 2

RRI . 0 0 7 2  1 .0

S t a n d a r d  E r r o r  o f  E s t i m a t e :  .1 4 5 2

RBAR S q u a r e d :  . 7 8

D u r b i n / W a t s o n :  0 . 2 9
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D urbin/W atson is again observed though Figure 21 tends to  negate its significance.211 The RMSEs 

generated under these equations are  presented in Tables 28 and 29.

A t last, the proposition stated a t the outset is supported. The separate models for D M /$,L  and 

D M /S .H  out-forecast the single fundam ental based model for D M /$  for every forecast horizon 

detailed in Tables 28 and 29. Furtherm ore, focussing now on the longer term  forecasts of Table 

29, the decomposition based models m ake about a 10 percent better forecast a t the end of 12 

m onths but extend this to a better than  25 percent im provem ent at the end of four years. Addi­

tionally, it is interesting to  note that the RMSE for D M /$ .L  actually declines as the  forecast span 

increases. This finding can be in terpretted  as meaning th a t long run deviations in the actual ex­

change rate  from  its "fundam entals" equilibrium is due to  random  and other short term  forces.

The preceding analysis focussed on estim ation diagnostics and the forecasting ability of both 

D M /$ .L  and D M /$  to narrow  dow n the field of candidate models. In actuality however, there 

was a bias in the calculation of the RMSEs. To see this, consider the following. The calculation, 

in the frequency dom ain, of D M /S .L  is a function of how m uch inform ation is available on D M /$. 

In the ex-post simulations tha t have been reported up to now, D M /S.L  was calculated over the 

entire span of January , 1973 through December, 1983 and was assumed to  have been known 

throughout.25 If the calculation of D M /S .L  based on inform ation about D M /$  through 1980 was 

roughly similar to  tha t over the entire span then this bias is minimal. However, it is apparent from  

Figure 22, which com pares the tw o time series, tha t D M /S .L  definitely is changing as m ore infor­

m ation is know n about the original exchange rate.

24 Again GLS yields no improvem ent.

25 I am  indebted to  Professor Ronald Anderson for pointing this problem out to  me.

Em pirical Tests and  Results 69



T a b l e  28

Root  Mean S q u a r e  F o r e c a s t  E r r o r s  1/81 -  12 /8 3

OLS M ode ls  I n c o r p o r a t e s  CCABY, RRI and  PPP

Hor i zon

Model 12 m o n th s 2*4 m on th s

1. OLS Models  F o r e c a s t i n g  
DM/S.L and  DM/S.H

DM/S.L .0 5 8 5 8 . 0 3 5 9 0

DM/S . 1 1 1 8 7 .11961

2 .  OLS Model F o r e c a s t i n g  
DM/S

DM/S .1 3 0 8 0 . 1 5 0 7 9
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T a b l e  29

R oo t  Mean S q u a r e  F o r e c a s t  E r r o r s  1 /7 9  ~ 12 /83

OLS Mo de ls  I n c o r p o r a t e s  CCABY, RRI and  PPP

Model 12 m nth s

Hor i zon 

2** m n t h s 36 m nth s J»8 m n th s

1. OLS Mod els  F o r e c a s t i n g  
DM/S.L and  DM/S.H

DM/S.L . 0 9 6 6 8 . 0 9 9 8 8 . 0 5 8 5 8 . 0 3 5 9 0

DM/S . 1 1 7 0 5 . 1 1 1 5 2 -1101*3 . 1 1 9 5 9

2 .  OLS model  f o r e c a s t i n g  
DM/S

DM/S . 1 2 7 3 0 . 1 2 8 3 0

OC
Oo

. 1 5 0 7 9
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To be technically correct, D M /$ .L  m ust be calculated iteratively, in the same fashion as the 

RMSEs are  generated. The iterative procedure used was as follows. First, D M /S.L  was calcu­

lated through Decem ber, 1980 w ith the candidate models being estim ated through the same point. 

They w ere then projected out in steps of up to  24 m onths (considering now the short term  hori- 

A t the second iteration, D M /S .L  was calculated based on the availability of D M /S from January , 

1973 to  January , 1981. The models w ere again reestim ated and another series of up to 24 m onth 

ahead forecasts w ere generated. The iterations proceeded in a similar fashion until all da ta  was 

exhausted. The series of up to  24 m onth ahead forecasts w ere then converted to  RMSEs. N ote 

in this procedure D M /S.L , and likewise D M /S.H , do not exist beyond the iterative date so 

RMSEs cannot be calculated for them  but they can be calculated for their sum, namely D M /$.

Tables 30 and 31 present the results under the iterative procedure for the first degree VA R 

incorporating CCABY and RI. The results of the OLS models, which emerged as the best candi­

date under the biased data  set, are  given in Tables 32 and 33. The VAR, though rejected initially, 

is repeated here to gauge the effects of the correction. In general, the RMSEs of the V A R system 

are  m uch greater than  they w ere previously. In addition, whereas before the V A R models (for 

both decomposed and undecom posed data) proved superior to  a random  walk, this now is only 

the case for the D M /$  based V A R and  only for selected forecast horizons.

The results for the OLS models, while not as clear cut as previously, are nevertheless some­

w hat encouraging. Using actual values of exogenous variables, both the D M /$  equation and the 

decomposition based model outperform  a random  walk. Additionally, the model based on the 

frequency decomposed tim e series, which far outperform ed the D M /$  model under the biased 

data, is now superior a t a span of 24 m onths under the  short term  forecasting horizon and at spans 

of 24 and 36 m onths under the longer term .
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T a b l e  30

Ro o t  Mean S q u a r e  F o r e c a s t  E r r o r s  1/81 -  12 /83

V e c t o r  A u t o r e g r e s s i o n  I n c o r p o r a t e s  CCABY and  Rl

Model

Hor i zon

12 m on th s 2*» m on th s

1. V e c t o r  A u t o g r e s s i o n  
F o r e c a s t i n g  DM/S.L 
Combined  w i t h  
ARIMA ( AR( 2 ) )  F o r e ­
c a s t i n g  DM/S.H

DM/$ .1H291! . 6 2 9 6 8

2.  V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/$

DM/$ .18671 . 3 1 7 1 2

3.  Random Walk S p e c i f i c a t i o n  

DM/$ .1 8 3 7 7 .32A85

It. V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/S.L 
Combined w i t h  a 
Random Walk S p e c i f i c a t i o n  
f o r  DM/S.H

DM/$ .1 9 2 3 9 . 3 2 6 M
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T a b l e  31

Root  Mean S q u a r e  F o r e c a s t  E r r o r s  1 /7 9  “ 12 /83

V e c t o r  A u t o r e g r e s s i o n  I n c o r p o r a t e s  CCABY and  Rl

Model 12 mn th s

Hor i zon 

24 m nths 36 m nt hs 48 mnths

1. V e c t o r  A u t o g r e s s i o n  
F o r e c a s t i n g  DM/$.L 
Combined w i t h  
ARIMA ( A R ( 2 ) ) F o r e ­
c a s t i n g  DM/$.H

DM/$ •^5 3^ 9 . 8 0 2 0 9 1 . 1 9 6 1 4 1 .6 2 6 5 6

2 .  V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/$

DM/$ . 2 2 7 7 4 .44 2 0 6 .67141 .94421

3.  Random Walk S p e c i f i c a t i o n  

DM/$ . 2 7 0 5 6 .4 7 0 4 7 .6 68 13 .72481

1*. V e c t o r  A u t o r e g r e s s i o n  
F o r e c a s t i n g  DM/$.L 
Combined w i t h  a 
Random Walk S p e c i f i c a t i o n  
f o r  DM/$. H

DM/$ .34901 •73975 1 . 2 0 5 0 6 1.71261
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T a b l e  32

Root  Mean S q u a r e  F o r e c a s t  E r r o r s  1/81 -  12 /83

OLS Mode ls  I n c o r p o r a t e s  CCABY, RRI and  PPP

Hor i zon

Model 12 m ont hs 24 m o n th s

1. OLS Mod els  F o r e c a s t i n g  
DM/$. L and  DM/$.H

DM/$ .19831 . 14412

2 .  OLS Model F o r e c a s t i n g  
DM/$

DM/$ . 1 5 1 3 9 . 1 5 9 5 7
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T a b l e  33

Root  Mean S q u a r e  F o r e c a s t  E r r o r s  1 /7 9  " 12 /8 3

OLS M odels  I n c o r p o r a t e s  CCABY, RRI and  PPP

Hor i zon

Model 12 m n ths 2*» m nth s 36 m nt hs *»8 m nth s

1. OLS Model s  F o r e c a s t i n g  
DM/S.L and  DM/$.H

DM/$ .232*19 .1*1995 . 1093*1 .152*15

2.  OLS model  f o r e c a s t i n g  
DM/$

DM/$ . 1 8 9 0 7 .18113 . 1 6 0 7 9 . 13984
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A final non-econom etric forecasting technique inspired by Figure 22 will be the last a ttem pt 

in this paper. To recall, Figure 22 com pared tw o D M /$.L  tim e series defined under alternative 

spans of dates. The frequency decomposition methodology used to  calculate these components 

utilized the Fourier representation introduced in C hapter 2. The Fourier representation is essen- 

a function of tim e thus, one can use it to  extrapolate into the future. The original D M /$  tim e se­

ries can be converted into a trend  and non-trend com ponent. The non-trend com ponent can be 

extrapolated in complex space, converted back to  real space, and be com bined w ith ex trapo­

lations of trend  to produce forecasts of D M /$ . Doing these operations in an  iterative fashion as 

before produced the RMSEs given in Table 34. U nfortunately, these errors are again large and 

m uch greater than those generated by a random  walk leading us to  disregard this methodology.
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T a b l e  31*

R oo t  Mean S q u a r e  F o r e c a s t  E r r o r s  

E x t r a p o l a t i o n  o f  F o u r i e r  R e p r e s e n t a t i o n  and T r e n d

Hor i zon

12 mn th s 21* m nth s 36 m n th s  48 mnths

P e r i o d  1 / 8 l -  12 /8 3 .72751 .981*92

P e r i o d  1 /7 9 -  12 /8 3 . 6 0 3 1 5 .839 53 1 . 0 2 5 6 5  1 .1 0 7 4 7
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5.0 Concluding Remarks

The goal of this paper was to  see if the forecasting accuracy of m onthly exchange rates could 

be improved using the tools of frequency dom ain analysis. Indications are that such may be the 

case. G ranted tha t only one exchange rate, th a t between the Deutsche m ark and dollar, was ex ­

amined. Likewise, the time periods over which forecasts w ere com puted represent a relatively 

small sample, though this period was particularly difficult for forecasters. However, the observed 

results cannot be dismissed. W hen the  fundam entals are know n w ith absolute certainty, a system 

of structural models, based on decom posed data, performs a t least as well as an economic struc­

tural model based on un-decom posed data.

The results of this study favor fu rther research on tw o fronts. First, to  improve the ability to  

predict high frequency com ponents and secondly, to apply the methodology to  other "m arket- 

oriented" exchange rates. In fact, there  is no reason to  limit the methodology to  exchange rates. 

It seems tha t application of the frequency decomposition approach lends itself to  forecasting any 

economic time series that is both subject to  an underlying economic theory yet plagued by short 

term  shocks.
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Data Sources

THE DEUTSCHE M ARK PER D O LLA R EX C H A N G E RATE

Source: International M onetary Fund (IM F), International Financial Statistics Tape. 

G ER M A N  CU RREN T ACCO U N T BALANCE

Source: Organization for Economic Development (O ECD ), M onthly Economic Indr 

cators Tape Series is seasonally adjusted by the au thor using the " X - l l "  m ethod. 

CONSUM ER PRICES

Source: OECD 

INTEREST RATES

Source: OECD

Germ any: 3 m onth loans (Frankfort)

U.S.: 3 m onth T reasury Bills

NO M IN A L AND R EA L GN P 

Source: IM F 

M ONEY SUPPLY (M l)

Source: IMF 

IN D EX  OF INDUSTRIAL PRODUCTION 

Source: OECD
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Technical Appendix

The construction of the periodogram  begins w ith the Finite Fourier Transform  defined in 

complex space as:

r - i
X  (2*7/7) =  2  X fi~ 2vij,/T j  =  0  T  -  1

i-O

w here i =  ' / —I . T is chosen to  be optimal according to the following tw o criteria:

1. For com puter com putational efficiency, its length is 
a product of small primes and is greater than the 
num ber of original da ta  points.

2. T is evenly divisable by the periodicity of the original 
data. In this way, exact seasonal frequencies can be 
com puted.

In this instance, T is taken  to  be 288. This num ber is a product of small primes (3225) and is 

divisable by 12 (m onthly data). Additionally, because the original D M /S  series has only 132 data 

points, a  T  of 288 provides ample padded zeroes which are  appropriate w hen filtering is to  be 

done.

Given the Fourier Transform , the  periodogram is easily derived by com plex multiplication 

(i.e. multiplying the transform  by its conjugate) and then scaling each ordinate by 1 /2 irN, w here 

N  is the num ber of original data points (N =  132).
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The periodogram as described above and as pictured in Figure 1 is an inconsistent estim ator 

of the true  spectrum  (i.e. the  variance does not go to zero as the  num ber of data points increase). 

Techniques have been developed in frequency domain analysis which trade off some bias for a 

decrease in variance by  "sm oothing" the periodogram. The smoothing takes the form  of "w in­

dows" which take moving averages of the entries of the periodogram about each ordinate. The 

sm oothed entries are related to  the original periodogram (I) by the following formula.

n—1

S ( J ) =  X  W k W - k )
— ( n —1 )

w here m is the w indow width, n = ( m + l) /2  and wk are window weights such tha t their sum is 1. 

A com m on weighing scheme used in spectral analysis, though not the only one26 is w here the w ’s 

= 1/m.

Smoothing the periodogram  in Figure 1 according to  three representative window widths 

(m = 5 , m =23, m = 41) results in Figure 23. Figure 1 would imply that most of the spectrum ’s var­

iance (area under the periodogram ) is exhausted by the time cycles fall below approxim ately 32 

m onths. This contrasts sharply w ith the sm oothed periodogram w here cycles below 32 m onths 

still account for approxim ately 50 percent of the variance w here m =5 and account for m uch 

m ore than  50 percent of the variance for o ther values of m.

26 See Chatfield for a discussion of m ore sophisticated smoothing techniques. 

Technical Appendix 83



PERIODOGRAM VS LENGTH OF CYCLE
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