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AB T

The first essay ev;1uate§ the forecasting accuracy of monetary and
random walk models of the exchange rafe. usinfg monthly data on the US
and UK economies over the recent flexible exchange rate pe}iod. Instru-
mental-variable estimatﬁf of the simple monetary‘mode1 are not supported
by the data, while the fuﬁl-infbrmatfon maximum-1ikelihood estimates of
fts rational-expectations éounterpart é;e. The latter is found to foré-
cast as wélT as ‘the random walk model. ‘chordingly,'in the context of
the monetary model bf the exchange rate, the explicit incorporation of
the hypothesis of rational expectations permits a richer speciffbation

~ of the dymamics of the exchange rate process and thus an improvement in

forecasting accuracy. . -

The second essay undertakes an econometric analysis of the exchange
rate and .current aécount of the balance of pa}ments*th%t seeksito estab-
Tish whether the beh;v1our of these two variables .can be explained by a
smali-scale choice theoretic 1ntertempora1 general equ111br1um model in
‘which both are endogehous. Quarter]y data over ‘the recent flexible ex-
change rate perin serve as the c;se study. The'mode} is found to be
Nell-supported-by the-déta and is éapable of expiai;ing a substantial
proportion of exchange rate and current account movements .This suj—.

gests that the intertemporal general- equilibrium mode) const1tutes an,

advancement in our ability to explain _exchange ratg behaviour over

e

exlsting empirical excnange rate models.

- - . y

The third essay constructs a stochastic intertemporél géheral-equili-

h Y

brium model of savings and 1nve;iment in a small open economy under




conditions of perfec; international capital mobility and examines, using

simulation techniqdéé, the predictions of the model for the dynaﬁics of
savings and }nvestment in response to technological disturbances. The
key findings of the study are that the cases of positively- (negatively-)
f’gﬁtocorreyated disturbances tq both domestic and foreign technology and
9f serially-uncorrelated disturbances to domestic (foreigg) technology
are characterized by a significantly positive (negative) relatﬁon;hip
"between saving aqs investment.dynamics. .These results suggest -that high

* ) . - - k3 >
saving-investment correlations arelnot necessarily indicative of inter-

national capita1.immobi1ity.'

.
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~e ~- CHAPTER I
FORECASTING THE EXCHANGE RATE: A MONETARY )
. OR RANDOM WALK PHENOMENON? N .

. -

This paper evaluates the forecasting accuracy of monetary and random

walk models of the exchange rateT Instrumental-variable ;stimates of
. the 'sfmp]e' mohetagy model are not supported by the data, ;hi1e the
i fu1iQiﬁ}ormation-méximum{J1ke1ihood esttmates of its rational-
expectations counterpart are. The latter is found to forecast as well -
as the random walk model. The ra{iona]-exﬁectations monetary model is
operationalized using the results of Hansen and Sargent (1980) and
Flavin (19§1) and Box-Jenkins time series techniques. Monthly data on
the US and UK economies over the recenl flexible exchanée rate_period
serve as the case study.

The purpose of this paper is to undertake an empirigal investiga-

tion of our ability to forecasf the exchadge r;tg. More precisely, the
paper seeks to address the question as to whether future values of thé

exchange rate can be predicted more accurately on the basis of a monetary

model of exchange rate determination or on that of a random walk model.
_ The motivation for the paper derives from two recent éontributions
. to the literature: one, Meese and Rogoff (1983), analyzed the compara--

_tive forecasting accuracy of alternative time-series models and the

following ;tfuctura1‘mode1s of the exchange rate: the simple flexible-

"price and sticky-price monetary models and a sticky-price model which'

et m  a v  em - r e v



.

. . ’ . a
incorporatés current account balances in an attempt to capture long-run

Creal exchange rate changes.1 Their essential finding was startling,

viz.: the random walk mpdelloutperformed all other models across all
exchange rates and forecast horizons envisaged. Accordingly, their

study calls for: ...a structural model which could perform substan-
tially better than this,...' (Meese and Rogoff, 1983, p. 17). The second

‘contribution, Hoffman and Schlagenhauf (1983), marks the first attempt

" to estimate a complete monetary model which explicitly ipcorporates the

hypothesis of rational expectations. From their study, they conclude
‘that both the parameter constraints associated with the monetary model

and those implied by the rational expectations hypothesis are consistent

with exchange rate behavidﬁr. Therefore, in their words: ...our study

. can be considered part of-the increasing amount of evidence which con-
]

éludes that the ﬁonetary model of the exchange rate behaviour does have
empirical content' (Héffman and Schlagenhauf, 1983,‘p. 259). With view
to these contributions, thén, the question naturally arises as to whether
the explicit incorporation of the hypotﬂesis of rational expectations

permits a richer specification of the dynamics of the excbénge rate

process and thus improved forecasting accuracy with structural economic

models. - .

Here, this question is addréssed in the context of the monetary
model--more specifically, the simple flexible-price monetary model and
Jits ratioqal expectatians exten:ion.- The US-UK exchange rate over the
recent flexible exchange rate period serves as our casé study.

!

N



(1) S, = P.IPt

The remainder of the paper is organized as follows: Section 1
specifies the monetary mode1§ which are employed in the empirical work;
Section 2 contains some preliminary implementation considerations;
Section 3 discusses the empirical findings for the US-UK exchange rate,

and Section 4 concludes the paper. ©

1. MONETARVMBDELS

The asset market approach to exchange rate determination views the
exchange as being detgrmined by the requirement of asset market equili-
brium. One asset market model which has received much attention in th

literature is the (flexible-price) monetary model.

The monetary approach2 takes its point of departure fram the assump-
tion that domestic and foreign goods are perfect substitutes, so that
abstracting from transportation costs and trade impediments, purchasing

power parity is assumed to hold:

t

where S denotes the domestic gurrency price of foreign exchange, and

P (P*) denotes the domestic (foreign) price level.

National price levels, in turn, are viewed as determined by the

requirement ¢f money market equilibrium:.

(2) R fPr = ML) (L0,

where M (M*) denotes the domestic &foreign) money supply and L( )

(L*( ))/Eae domestic (foré‘gn) real demand for money function.



Specifying the real demand for money function as a Cagan-type func-

tion, we get: .
n¥ -5*1;
) L*( ) Yrooe
(3) £t :
LT )t - -€1 e
Y' e t -
t

where Y (Y*) denotes domestit (foreign) real income, 1 (i*) the ddfestic
(foreign) nominal interest rate, and n (~*) and ¢ (e').denote the dames-
tic (foreign) income elasticity and interest semi-elasticity of the

demand for money, respectively.
Using equations (1) to (3) we therefore obtain:

- - PR
(4) sy = mpmpenyentyprei ety R

where 1ower case letters are the 1ogar1thms Qf the correspond1A! cap1ta1
lettgrs, with the exception of interest rates which remain ynchanged.
This-encapsulates the essence of the monetary approach view: the ex-
change ratg_is the relative price of two moniey, determined by their
relative demands and supplies. Equation (4) is what [ refer to as the
simple monetary (SM) model.

A further hallmark of the monetary approach is the assumption that

a
domestic and foreign bonds are perfect substitutes, so that uncovered

interest rate parity is assumed,3 i.e.,

-

P- i .
(5) N RSP ¢

where denotes the value of St+1 expected as of time t. Aisuming

t3t4
rational expectations:



t - 14

system are we11 fitted; and the OW/Dh stat1st1cs are consistent with the

n T~

auty hynrothesis of zero fxrst -order autocorreIatxon -~

Consideriny the estimation results for the unrestricted SM model,
we note immediafe1y that this model finds little empirical support in

¥,

this study JA11 coefficient estimates are insignificantly different - -

~/Fcom‘!ero and often incbrrect1y‘signed from the viewpoint of the monetéry
approach. It is therefore not meaningful to examine the forecasting

performance of this modef.]2

The difference.between our findings for';He REM and SM models is
striking. The best vantage point from which to con;idez this diffgrence
is to compare the coefficients of the unrestricted REM and SM models.
(This is so since the imposition of restrictions results in a gain in
estimé%ion efficiency, as noted above.) The coefficients on the corres-
ponding variableé in these models a?e, essentia?iy, similar. Since the

“basic difference between the two models is whether or no;;the stochastic
4 processes of the exogenous variables have been substituted for the
domestic interest rate variable, it seems that the dynamics of exogerous
Varfab1e§ are captured more aCCUfately in the REM system.' As a result,
the REM 'structural estimates' (n, €, and the unit coefficients of the .
momey supplies) agcord more closely to their theoretically-expected

- values than those of the SM model.

_Finally, note that the results reported above (including the tests
of coefficient restrictions) remained robust across the estimation sub- '
periods used in the forecasting exercise. Therefore, we proceed.to

comﬁare the fo}eqqsting performance of the restricted REM model vis-d-vis



Rogoff point out, while deviations from interest rate parity are signi-
ficant they ;re small in magnitude and therefore, unlikely to explain
the poor forecasting performance of structural models. Hére. in
attempting to explair the latter, attention is focussed dn the explicit

incorporation of the hypothesis of rational expectations.

2. IMPLEMENTATION CONSIDERATIONS

2.1 A Sample

The sample used in our study takes the USA as the domestic eqpnomy_
and the UK as the foreign economy; monthly data over the period 1974:5
to 1982:12 (after allowing for lagged variables) are employed. A com-“

Y

plete déscription of the data and data sources is given in Appendix 1.

2.2 Operationalizing the Monetary Models

First, with respect to the REM ﬁode1 (equation (7))--in order to

‘ operationa1ize this model it is necessary to obtain an observable ex-
pression for the expectational terms it contains. It'is, therefore,
netessary first to specify the stochasti¢c processes of the exogenous
variables. For this purpose the Box-Jenkins three:stepL univariate
time-series analysis of identification, estimation, and -diagnostics was
carried out. A prerequisite of this analysis_is that the variable be
stationary. First differencing was required .to achieve this. Accord-

ingly, the empirical counterpart of equatian (7) will be expressed in

first difference form for estimation purposes.4



The following results were obtained: The identification step of

the analysis suggested that Ayt. Ly;. and Ai; followed AR(1) processes;—

but was ambiguous with regard to the Amt and Am; processes. The esti-

mation step suggested that am, and Am§ were adequately captured by AR(3)

'brocesses and confirmed that Ay Ay;, and Ai; followed AR(1) processes.

We, therefore, have the following suggested specifications:

P 4 3

(8) 5](L)Amt = Vige 51(L) = 1-01-]L‘-012L -8y5L ‘
(9) s.(L)ame = v §.(L) = 1-8,,L =6,,L% 5 3
2 t 2¢° 2 21 22~ "~23
- - 1

(10) 63(L)Ayt = Vi 53(1.) = 1-63]‘L ‘
. ) X ) -
() 64(L)Ay; -'vat. 04(L) = 1-6,,L

3 * = 4 - 1

where, L denotes the lag operatbr, Vit is a white noise disturbance

term (i = 1,...,5), and Gij is a parameter (i = 1,...,5;j = 1,...,3).
s

The results of the Box-Jenkins estimation of equations (8)-(12)
are reported in Table 1 (Appendix 3). - Also reported are the Box-Pierce
Q statiﬁtic and the critical value of the XZ for the Box-Pierce test.5
This test suggests, at reasonable levels of confidence, that the resi:

duals have been reduced to white noise.

e—

Next, equations (8) to (12) are used to generate observable expres-
sions for the infinite discounted sum of (the first differences of) the

expectational terms appearing in equation (7). In Appendix 2, we



establish the result: 1if any variable 3x, follows a.covariance-

stationary AR(q) process with white noise disturbances, that may be

represented by:

. R A BN q
A\ = N = - - - -

(13) e(L).xt Vis L) =11 &L -3l S
where, Si {i = 1,...,a) is a parameter, L the lag operaior, and Ve ds
whité noise disturbance term; then o oo

2] P A TS BT
(19) Do s Ex =)D T 0D o ax

j=0 ¢ M j=1 k=j+1

where - is a scalar. As noted above, Am umt. Ay . Hyt and AiY are

t’ t
stationary processes. We can, therefore, apply the foregoing result

in our case. Doing this and rearranging, we get the following opera-

L} .
tionalized REM-exchange rate equation (in first difference form):

(18) as, = (1+e)'151(e/1+e)'1{(1+e)Amt+[(s/1*5)512+(e/1+e)2§13

-~

: -1
‘E‘S]]]L\mt_1+[(€/1"C)‘S]3‘t012]ﬁmt 2 -8 3Mt 3-0(“’{)

'52(c/l+s)']{(1*E)Am;[(e/1+c)ézé+(e/1+e)2' Spy-cép Jom.

+[(c/1+c)623-2622}0m; 2"€853 am? 3} q(1+e)(}+e 66 )‘]

i . -

Ayt+n563](1+£-6631) ]Ayt-]+n'(l+s)(l*e-eéd1) Ay;.
_ ) . :21

-n*eby, (1+e-€64,) ]Ay;-1*(e-c*)(l+e)(l+6reés1) aiy

‘(E € )565](]+€ 265]) Ait 1
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Turning, finally, to the SM model (equation {4)), this equation is

estimated in first difference form in order to conform with the func-
tional form of the REM equation (15). Therefore, the operationalized °

SM-exchange rate. equation is:

- ‘(16) Ast,’ Am

- *_ » * i _~WwAIWw
t Amt nAytfn Ayt*€Alt evaiy L
. ’ 2.3 Estimation Technique and Diagnostics .
-’ . - k-" . - \\.—'
': " . ’
T g‘\ "In deciding on estimation technique it is important to first carry -
. X
oué a diagng tﬁcﬂchgck on the consistent residuals from the estimation

N,

Ag of equat1o§igfl§jriid (16s (With unrestricted parameters) Jfor p0551b1é

oF

R 7 prdb};hs such as: out%zers, functional mis-specification and parameter'
. Ha.!.

"ﬁﬁ’tab111ty. heteroschdast1c1ty.‘mu1t1co111near1ty, autocorrelation and
non-norma]ity of'rgéjdua1s.6 Equation (15) is estimated consistent1y
using ordinary least squares. while an instrumental variable technlque
is required to cons1stent1y estimage eQuatton (16). This is due- to the

: 3 possitfle correlat1on betueen the domestic interest rafe and the (omwtted)
disturbance term, precvatated by poteht1a1 feedback from the exchange
rate to the dpmestic intérest rate, "as stated by the interest rate parity
hypothesis .. The resultsﬂpf:eur diagnostic check suggested that none

. ' of the forego1ng prob]emg were present in the case of equation (15);

. whilst only (fjrst- order)keutocorre1ut1on was detected in thg{"

equation (16). ; Accordingly, the REM system (equat1ons (8) tzgilzl/and,
(15)) is estimated using the full- information maximum 1ikelihood (FIML) * .

Ll technique and the_sﬂ model (equation (16)) is estimated using Fair' s

(1970) instrumental variable (1IV) technique fthis-coqrects for first-order

’




autocorrelation). In view of our diagnoétic findings, these techniques

yTeld consistent and asymptotically efficieht coefficient.estimates.

-

IE'is, fﬁrthermore:,noteworthy here that the SEM'and SM models are
_identified and the following tests of coefficients were undertaken.
Firgt, with regerd to the SM model: the.'monetary apﬁroach restrictions'
{i.e., unitary el?sticities with respect to domestit and foreign money

. \ .
supplied and equal crossfgagntry real income and semi-interest elasti-

cities) were tested by obtaining Fair's IV estimate of the restricted

' . »
equation {16) and its unrestricteé counterpart:

(67 a5t 1’-’":‘“zmt"“f’t"“a*y'*“s“t‘“ﬁd‘
Aanftgst of tﬁé }éstrict{ons was then undertaken (see Chow, }983..Ch.
g); .Seconddagﬁ\re]atio;‘to the REM mode]: the within- and cross-
equation(coefficiéﬁt'restricgiong which were obtained above from the;-
ﬁﬁcprgoration of the rafiona] expéctatiods hypothesis Sre tested jointly
thh\the mOnetary approach restrwctlons “by obta:nwng the restricted .
and unresbracted FIHL esﬂimates of the REM system and carrying out a
1zke31hood rggzg\{ést Eseg Harvey, 1981).- The re;;ricted REM system
‘comprises equatioﬁs (8) to (12) and (15) with the exception that the
restrictions n=n* and €= r' are also 1mposed The unrestricted FEﬁ §ys-

tem, on the other hand, comprises.equations (8) to (12) and the unres-

tricted counterpart of (15):




-

1)

(15%)  as, = apdm, ¢ ajam, | ¢ a,am, 5+ a am, o )

+ bamE + b am¥

) * *
oIMT ¥ DyAmE_y * bpamE 5+ baom

t-3

TGl T e
* ! .

*dgbyt * dyA¥i,

+ eOAi; + e131;_1 . . 3

2.4 Forecasting Considerations

The forecasting exercise undertaken in this paper follows that of

.

Meese and Rogo¥f (19?3). This exercise invoives using eaéh exchange rate
model {(including the random walk model) tohgéﬁeréte forecagts of the
fgture exchange ra{:e7 at qné- to twe1ve-moq}h horizons. The, parameter
estimates of. the structural models afg‘basea on.the ﬁost'récent informa-

tign available:at the time of a given forecast. This is achieved by re-

L

estimating the modeis'eac_:z forecast period. '

. More precisely, the structural models in our study are initially
! : s ne | ‘e -
estimated using data through to the first forecasting period,.J979:12.
. : 3
The choice as to where to begin forecasting was predicated on the desire

* L]
‘to have sufficient degrees of freedom for the estimation of the 'REM

mmodgl. Forecasts are then generated at one-,. six-, and twelve-month

-

‘ﬁorizons. Next; data for 1980:1 are added to the sample and each model

_ fis_re-estimated. New forecasts are then generated at the ene-, six-,

and twelve-month hor.zons. This process is continued through to Ere

-

Yast forecaét'pgriod,_1982:11. . < .

Am %

-
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. The structural exchange rate models require forecasts of their ex-
planatory variables in order to generate the forecasts of thé exchange - ;’
rate. In the tase of the REM model, its FIML estimates dre used iq;
éqﬁations (8) to (12) to forecast the exp1anatok¥ variables. With regard .

. . to the SM model, Box-JenRins estimates of equations (8} to {12) are used
\\?b forecast. \ts exogendus explanatory varwables while the domestic

interest rate var1ab1e is predlcted from a least squares regression of -

‘e
. ¢
this var1able on the re1evant exogenous variables. 8 Note, furthermore, !

here that (due to the f1rst d1fference specification) the structura1 . e

-

1s, in forec&stlng the future exchange rate, include its one-per1od

lagged value on {he right-hand s1de of the equation. Th®s value is

generated by the model"’ s prevwous prediction.

Finally, note that forecasting performance is measured by the mean

" absolute error (MAE) and the root heqn square error (RMSE). These sta-

tistics are defined as follows:

5 &
. Nl : |
(17 MAE = I [F(t+s+k) - A(t+s+k)[/N
s=0 ——
N =T )
(2)  RE -0 T [F(tes+k) - A(tesek)12/n, 3172
S'-'

-whebg k =1, 6,12 (the ?orecast step); Nk is the number of forecasts
throughout the entire forecasting period-.9 F(p) and A(p) denotes the® )
forecasted and actual values of the exchange rate for period ‘p'. Fore-

casting begins from time t.
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' 3. EMPIRICAL- FINDINGS FOR THE US-UK EXTHANGE RATE

- . *3.1 Estimation Results
. 4

> .-
The FIML estimates of the restricted and unre3tricted REM systems

aﬁ;fpresented in Table 2 (Appendix 3); and the unrestricted estimate of
’ ., the SM model in Table 3 (Appendix 3).“-0 These estimation results are

B based on the entire sahp]e.period of our study: 1974:5 through 1982:12.

It is notewortﬁy at the outset that the teSt.of coefficient restric-
tions, discys§éd‘§ﬁ the previous section, could not be rejected (at the . -
S per cent signffiﬁance feve]) in fhe case of the REM modé1, but'was
strongly rejected for the SM model. These tests are vefy'%mportant--

» insuring, as Hoffman and Schlagenhauf (i983) point 0ut,‘that the .effi-

¢

ciency gain realized by structural parameter estimates does not come at

‘ . the expense of incorporating a priori information that is inconsistent

with the data.

v

-~ 0%
" . Examining the estimation results for the restricted REM system, a -
\ .}mgber of points are in order:
7 _A .
First, the coefficients of the time-series processes of the exo-
;' géhous variables are similar in magnitude to the corresponding Box-
‘ Jenkins (Table 1) estimates; .they, furthermore, accord in significance.

‘Second, the key structural parameters of int;rest (n and ¢, the real
tncome elasticity and interest-rate semi-elasticity) assume plaqsible
‘magnitudes in light of studies on the demand }or Qonex (see La¥d1er,
f977); further, they are both significantly different from zero. Third:

the 'fit' statistics (SSR and SER) indicate that the equations of the
) - : _ @
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system are well fitted; and the DW/Dh statistics are consistent with the

. - ' . ‘\.'
aely hymothesis of zero ﬁrs_t-order,autocorre1atlon.n -

Considerinﬁ the estimation results for the unrestricted SM model,

we note immediately that this model finds little empirical support in
."

this study. JAIT coeffigient estimates are insignificantly different -_ -

~«$nom‘!ero and of*en incbrrectly‘signed from the viewpoint of the monetéry

approach, It is therefore not meaningful to examine the forecasting

performance of this model’.12

The difference.between our findings for'pﬁe REM and SM models is
striking. The best vantage point frbm which to con;idez this difference
is to compare the Epefficients of the unrestricted REM and SM models.
(This is so since the imposition of restrictioné results in a gain in
estimé%ion efficiency, as noted above.) The coefficients on the corres-
ponding variahles in these models atte, essentia]iy. similar. Since the
“basic difference between the two models is whether or noyéthe stochastic
A processes of the exogenous variables have been substituted for the
domestic interest rate variable, it seems that the dynamics of exogerous
Var{ab1e§ are captured more accufately in the REM system.’ As a result,
the REM 'structural estimates' (n, €, and the unit coefficients of the ‘
momey supplies) agcord more closely to their theoretically-expected

A :

- values than those of the SM model.

_Finally, note that the results reported above (including the tests

" of cbefficient restrictions) remained robust across the estimation sub-

periods used in the forecasting exercise. Therefore, we proceed. to

comﬁare the fo}eqqsting performance of the restricted REM model vis-3-vis

i
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that of the random walk (RW).

3.2 Forecasting Results

The summary statistics on forecasting performance (RMSE and MAE)

for the restricted REM and RW models over one-, six-, and twelve-month

\‘
horizons are listed in Table 4 (Appendix 3). As noted earlier, the

\
forecasting period embraces 1980:1 through 1982:12.
~——

On inspection it is clear that for both criteria, the two models
are very closely ranked for-the one- and six-month forecasts--the RW
model performing marginally better at the one-month horizon and the REM
model margina]]y;better at the six-month horizon. For the twelve-month
horizon forecasts, both models are also closely ranked--the RW model
berforming marginally better on the MAE criterion and better by approii-

mately 1.1 percentage point on the RMSE criterion. -

In 1ight of these results it seems fair to conclude that the REM
model forecasts as well as the RW model.

4. CONCLUSION

.

This_p{per sought to address the question as to whethgr the exchange
rate- can be predicted more accurately by a-mpnetar} model of exchange
rate determination or the RW model in the case of the US-UK exchange
rate. The results of the study suggest that the simple filexible-price

netary model is not supported by théZAata thle ite rational expecta-

tions counterpart is. Using the latter to generate one-, six- and

j .

!



twelve-month ahead forecasts, we found that this model performs as well

as the RW model.

18

In conclusion, then, it would seem that-the explicit incorporation’

of the hypothesis of rational expectations permits the dynamics of the
forces influencing the exchange rate process to be captured more accCug
rately and therefqre, our study toco: '...can be considered part of the
increasing amount of evidence which concludes that the moﬁetary model
of the exchange rate behaviour does have émpirica1 content' (Hoffman

and Schlagenhauf, 1983, p._259)
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CHAPTER 1 - NOTES

1. The simple flexible-price monetary model is based on Frenkel (1976)
[
and Bilson (1978), the sticky-price monetary model on Dornbusch
(1976) and Frankel! (1979), and the sticky-price model incorpo-

rating current account c¢ffects on Haoper and Morton (L982).

2. The interested reader is referred to Mussa (1979) for a discussion
of the asset market approaches and how they différ from the flow

market approach. - ¢

4 ‘
3. More precisely, note that the FisHer equations for noming} Ynterest

rates give:
!
Te Ty ®ePra - Py
ik = W - - *
T et e T Py -
“ .
. where r (r*) denotes the domestic (foreign) real interest rate,
. p (p*) the logarithm of the domestic (foreign) price level and

- ~
tPes1 (§Prsq) denotes the value of p, ., (p},;) expected as of

1 time t. The assumption that bonds are perfect substitutes implies

v -~ that S.

* am—N

- *
. . v * "t

and the assumption of (ex _ante) purchasing power parity impiies
‘ - -

that

£5e+1 " St T (¢Peay - Py) - (PEy - PP ‘ T
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Both of these assumptions, together with the Fisher equations, :
iéply uncovered interest rate parity {equation (5)).
This ensures that all variables are measured in the same units for
the join; estimation reported in Section 3. Note, furthermore,
that any sign Fhat overdi;ferencing had occurred as a result of
this first-differen&ing transformat}on would be revealed by diag-
nostic testing for functional misspecification and autocorrelation
(for details see note 6). No such ;;1dence was obtained in the < 7~
present cdse study.
See Harvey (1981) for the details of the Box-Pverce test. )
The pgoceddres employed are briefly reported here:
(a) A time-se:lg§/61ot of the residuals was examined for the pre-
sence of outliers.
(b) Scatter diagréms of the residuals and fitted values o;\zﬁh
dependent variab]es’were examined for sysiematic relation-
ships, which would imply inconsistency of the estimation
technique. . | * .
(c) Scatter diagrams Bf the residuals and each explandtory .
| variable were also examined for systematic >?$i4106;hips.
' ¢

which would imply functional misspecification or parameter
instability. This diagnostic check was supplemented by a
- Chow test for stability and misspecification (see Chow,

v
1983, Ch. 29).

L)

>

.



(d) Scatter diagrams of the squared residuals and fitted dependent
variables, as well as of the squared residuals and various .
lagged values thereof, were also checked for systematic
patterns; which would imply the presence of heteroscedasti-
city. .This check was supplemented by the White and Bartlett
tests (see White, 1980 for a description of the former and
Pindyck and Rubinfeld, 1976 in relation to the latter).

(e) Simple correlation coefficients were computed to check the
correlation between the explanatory variables.

(f) An LM ifSt was used to check for the presence of autocorre-
lated residuals (see Pagan and Hall, 1983).

(g) The Jarque-Baga test for normality of the residuals was under-

taken (see darque and Bera, 1980).

More precisely, it is the future logarithm of the exchange rate
that is forecasted. - This. is so since the benchmark of comparison

is the random walk model which is in logarithmic fqrm.,

N ] s .,‘ '. . h *
That .is, the least squares estimate of: ‘ K

8y = By & <8, Ami+By Ay, +By Lyi*Bg 2it*g

where, Bi = parémeters; %s used -to forecast future values of Ait;
¢ ) ’
in conjunction with the forecasts of its explanmatory variables,

which were obtained as describedisin the text. ., This specification
of the Ait equation- is consistent with the instrumental variable

‘technique used to estimate the SM mode1.'

.

18



10.

1.

12.

For k =1, 6, 12 Nk = 36, 31, 25, respectively.

The restricted estimate of the SM model was omitted as it was re-

jected by the data. l -

This latter resﬁ1t is.not-Surprising in respect of: (a) the time-
series equations, since their parameters are close to those of the
Box-Jenkins regressions, whose residuals were checked for white
noise properties; (b) the exchange rate equation, in view of the
diagnostic check on its consistent residuals, reported above (in-

deed higher order autocorrelation was also tested). Finally, note

that!the Dh was nbt defined for the foreign interest rate equation.

i
More Rrecisely, one would expect this model's forecasting perfor-

mance to closely match that of the random walk mode’! since the

coefficient estimates of the former are insignificant and small in

magnitude. On checking, this was indeed the case. However, this..

finding is meaningTess since the estimates do not support the

theoretical underpinnings of the SM model.

.

VAN

>0



M (M*)

Y (¥Y+)

i {i*)

Source:

Aggendix ]

-

DATA AND DATA SOURCES

US dollar price of one UK pound; end of period,;
seasonally adjusted. .

us (uxk) M p1u§ quasi-money; end of period; seasonally
adjusted.

US (OK) index of industrial production; seasonally
adjusted.

US (UK) 3-month treasury bill rate; end of period.

*

0.E.C.D., Main Economic. Indicators: Historical Statistics
1964-83.




Appendix 2

“ea [y ! .
The purpose of this appendix is to obtain an opservable expression for:

‘J‘
A\ ..xEx+-
¢ 73

1] ‘(11

j=0
N .
where * is a scalar, ! is the first-difference operator, € is the expec-
- t
tations operator conditioned on information at time t, and x 1s a

variable.
By definition: ..
(A1) " 3 Ex,..=Eax, . .+ {E-E x \\
_ t t+) ' t+] £ t-] t+7-1
[ 4 .
therefore: -
2y 0 Jd sEx .= T B, r B e E ) . 8
j=0 N T A P R

Next, note the Hansen and Sargent (1980) result: If 2x, follows a co-

variance-stationary AR(q) process with white noise disturbances, that

*

may be represented by: .

] 2

- = 1. . . .5 (9
(A3) §(L)Axt v 6(F) 15l -8,L%- . SqL

.

t’ 2

where, éi (i =1,...,q) is a parameter, L is the lag operator, Ve 1§
a white noise disturtance term; then: o . .
L

-

1

(
1 k=

. « q
(A4) T I Eax, =870

k= J
A Y8 LY Jax, .
j=0 AN k t-

"y

+]

. 0

j

With regard to the second term on the right-hand side of equation (A2)

°2
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notice:

J
(A5) A (E RRIRLITOR “t+3-1

\j(E - E)
j=0 t t

t-1

since (E - E )xt_1 = 0. Lletting s = j-1, we may therefore write:

t -1
(A6) FodE -, s FOS(E-E )x
jeo ot g1 tHI] s=0 ¢ .t-1 'S
Flavin (1981) shows that when x._ follows an ARMA (p*,q*) given by: '
._ ) - 1 2 p*
(A7) : o(L)xt z c(L)vt. oll) = 1-o]L -cZL e op,L
(L) = 1+®]L1+02L2+...‘oq.Lq*

where, o, (i =1,...,p*) and ¢, (i =1,...,39*%) are parameters, L is the

lag operator and v, is again a white noise disturbance term; then:

t

(A8) » ¥ S . f )xt*s

= 3ot00(0) o) ol L)x,
s=0 t t) -

So in our case where xt follows a ?irst-differenced AR(d) précess,

G(L)hxt * Vi, note we may set o(L) = &(L)(1-L), o(2) = &(A)(1-1),

o(L) = o(2) = 1. Therefore,;equdtion (A8) bécomes:

(A9) VB S - e dxg,, = 0070 s(L)ax,.

s=0 t t-1 S

Finally, substituting equation (Ad) into equation (A2) and using equa-

tions (A9) and (A6) in equation (A2), we obtafp the.following observable

-expression:



'
\j -
A E xt+j
P

q s .
c K Jék)LJ]&xt
k=j+] )
(V)78 (L) ax
(L)
14

24



» . N ) 3
. ) . *|3Ad| Judd 43d G§ Y3 20 Aue
S43YI0 | [P " |IAI| IOUIPLIUOD JUID 43d G /p DY J° SAN|BA |PIL1FLAD SIJOUIP () ae3S"Y  (111)

"S|enpLsaJ ayj JO SUOLIR|3UA0D03NR ()7 40j I1ISL1IRYS D) 3JA3|d-x0g Y3 sajoudp (02)0 “(i1)

’ »

“ ,.momo:ﬂcmgan U] pajuaodad auae sanfea 3} (1) ]
- L )
. . ) Y "€8-996( SO13S1I1€IS (EIIJOISIH :SA03EI|PU] JWOUGD] uley *°°3°3°0 :3I4N0S
| e g — : 2
. o o
| . o wLU¥E T26e (29°'1) st'0 . g v
b L €282 , T (Bete) 2zo- the v
A b e S2 pt ' - . (8v°ol) 220 - te Yy
» . . L]
C i SE5T1E oLret (96°2) 820 oo (6°1) L0 %% (65°€) €€’0 9 tw SN
\ (8'82  v2iel . (e'n) avo tlo (s8 1) 810 o (€8°€) s€°0 Uy
“ ‘ Nx (02)0 S9Jewyls]y 49jdweaey . : M\.L~>
. .. _ ‘ *dag
A . .
1o T(21iesel 01 Giy/6L  :pojuag ajdwes) sdj3soubeiq pup uoiIewilsy supyuIL-xog | dlqel .
_ € xjypuaddy | . J




?'

»

! -

- ' “(ud) PUISLIAIS Y-uigung 3Y) Jo/pup, (AQ) 1151115 UOSIEN-UIQUNG Ay t(¥3s) voissasbaa
3y} JO J04aa PAPPURIS BYY '(YSS) 'SIPNPISII pasenbs yo uns Ayl Z1A Scuwn (00 ysayybla ¢ Ayl vl PaIS|| 34P $I1IS1IEIS D§)idads-uoiend]

' . ’ -spsayjuased ul Pajsodas e sINjeA 3

(1)
4y

~

10°2
Gv°0/L0°2
26°0/89 " |
(S e
0/00°2
91

90°2
Hy 0/60°2
9 0/88 "1
L2 LeL?
£1°0/86°1

wing

600°0
£10°0
00
2100
500°0
£20°0

6000 -
(100
#vo o
210°0
S00°0
800
43S

q00°0
0£0°0
{00°0
$10°0
£00°0

900

8000
0F0°0
{00°0
vi0°0
£00°0

v9l'0
4ss

 ho
“*ba
."ba

I L}

: ha
‘heo
Ho

w.<

(1n)
Wi (n)
Yoy (1) .
.wE.;::
Aury (11}

Tso (1)

(sp o)L 0-
(9v 0)8¢ "0

59 RZ61

w:. (1n)

1P

oAV (A) .

Yoy (A1) .

ac:hr.A—-—v

Yury (tv)

Ysv- (1) te peel

pooys 3%
30 b0 .

(21 2861 23 Gip/6l

‘T9-4961 $I115119715 |PILI0ISIH

tq

Lo

e

(co')wpo - 'a

. (92'1)gz’0  'p
' (12°0)3g 0" -1
(1e-oXi-0- Ce- (60°0)60°0- 'q
(te'0)ee'0 %o (orojoro e
(g ust'o S (oeezo- e
(o-a)6z0 % (set)vrro %
(wa)ee-o e (wosto e
K (8¢)i6z O

s Uzio 1% steyero- e
(9c-2)e'0 % (arnsto %

Cwomseo. He o aeasie o (esrueee

(85°2)s8°0-
{e1"0)e0'0
(st 0)02 0
{200°0)100°0-
(s1-1)g0°t-
(r0"11)2¢L°0
(1 e)eto
(6v:5)ve°0

{(8v"¥)1L°0
{2y 20020
(€a-s)eL 0

$31PWI1$] J9} auLivy .

PoLadyd u:_sumv Swd)SAS WIY PAIILATSIAUN PUP PIII|AISAY JO SITPWIIS] W4

et m— e m e e s e —— -

7510703 1pU] J1WOU0IT VPN ‘"' ) 30 :924N0§

0, .
l°v
cu
oa )
0p
—nc L 2R
PIYILAISIIU
_No
L )
u
:”4 ‘ .»
(2 2] SAS

¢ paIdlarsdy

t2.a1qe)




. . "(¢) wad) 3duequNIS|p Y) YIIM PIIL|I0SSE JUI|I}43300 .
U0|I@[A4A0003NR A3PUO-15J14 Y] pul (MO) I13S|IPIS UOSIEN-ULQUNQ AY] *(y3$) v01s534634 3yl Jo 40443 paepuels Y _
t(¥SS) Slenpysas pasenbs JO wnS Yy I°Z)A ‘Suwn|o0d 150wy £ Yy Uy PaIS| de SIJISIILIS Ipjydads-vojienbl \4}) .
Vd

: *$3s3ayluaJded Uy pajaodad Je SaIngea ) (1)

. .

. M . “EB-V961 SI13511815 [€D|J0ISIH :5403€3|pu] djwouddl ujey *°0'2'3°0 :3dd4nos :
i o T ey T M e = = e S T " — e o g ——— e — - N - - N : ’ .
20000 00°'2 820°0 v20°0  (08'1)09°0- % (20°0)E€°0- S0 (b0°0)10°0 *® (26°0)91°0- *o (z0°0)00°0 Zo (08" h0s 0~ o
9 M YIS ¥SS . e,

L B ”

(21-2861 03 G- bi6l :poyaaqd 2| dwes) (IPOW WS JO uuem_umu Al i€ 3l4eg

-




28

[

Table 4: Forecasting Performance (Forecast Period: 1980:1 to 1982:12!?

<

-y

i
‘Part AT "RMSE* RPart B: MAE*
Horizon - REM RW Horizon REM RW
. & :
1 ménth 3.13 3.12 1 month 2.53 2.47
6 months 9.74 9.89 6 months 7.67 7.94
12 months 18.00  16.90 ° 12 months 15.39  14.96

* These statistics are approximately in percentage terms.

™~
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= CHAPTER 2 \*—'
AN EMPIRICAL ANALYSIS OF THE EXCHANGE RATE

AND CURRENT ACCOUNT

1. INTRODUCTION

The purpose of this paper is to undertake an econometric investiga-
tion of the exchange rate and the current account of the balance of pay-
ments, that seeks to establish whether the behaviour of these two
variables can be explained by a small-scéle choice-theoretic intertemporal

general equilibrium model in which both are endogenous.
The motivation for the study derives from two considerations:

Firstly, existing empfriéal exchange-rate modéls have been un-
successful compared w{th the random walk modetl. Fof example, Meese and
Rogoff (1983) analyzed the comparative forecasting accuracy of alterna- -
tive time series and a variety of structural models of the exchange rate:
a simple flexible-price monetary model, a sticky-price monetary model
and a sticky-price model wﬁich incorporates current acc0uﬁt balqnces in
an attempt to capture long-runm real exchange ;até g:hanges.T All were
outperformed by a random walk model aﬁrbss all the exchange rates énd
forecast horizons envisaged, Alsos Backus (1984) uqdeftook-a regression

.analysis of the random walk model, the simple monetérx model and its

,rational expect ions extehsion, and various versigns’of-sticgy-price

nce mode]s.2 QOnce again, empirical

monetary mode)s and portfpli

support for any of the structural models was weak, while the random walk
X ' ' |

>
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model provided a reasonably good approximation to observed exchange rate

dynamics. These studies leave open the question as to why the random
walk model does so well and establish it as~the benchmark against which

to evaluate the empirical performance of structural exchange rate models.
. . [y

Secondly, no study has yet empirically.éxamined the simultaneous
determination of the exchange rate and current acc0uﬁg based on the
intertemporal genéra1 equ11ib;ium (GE) model, despite its growing pre-
ponderance in the theoretical international finance literature. Within

_ this framewérk, stemming from its in:ertemboral nature, current and ex-
pected future real opportunities and monetary policies play a'keytro1eA
in both fne money demand decision that governs the evo1utioﬁ of the
exchange rétgwand the consumption-savings-investment decision that deter-
mines the current account. Empirically examining the predictions of such
models for exchange rate and current account behaviour permits not only
a test of the validity of the framework but also a gain in\estimation~
efficiency in exploiting its simu]tanéous nafure, Accordipgly, it will
be of interest to compare this model's performance hat of the random

walk.
\ '

3
[t is, furthermore, of interest to note here that the intertemporal,
GE .model encapsulates the monetary model (flexible pricé) of exchangeu
rate déterminasﬁon, whi1e’embra;ing (at least potentially) various views
« on the relationship betwéen the exéhange rate and.current account which
have been advanced in the earlier literature. HMore specifically: .

(1) the Kouri-Branson view,3 which focuses on the effect of current

account imbalances on net holdings of foreign-denominated assets,; which




] . ' b L

in turn effects the risk premium on the domestic asset, thereby inducing
portfolio shifts that affect, inter alia, the demand for domestic money
and thus the exchangé rate; (2) the Dornbusch-Fisher view,4 which empha-
sizes the wealth of current account imbalances on the demand for money
and thereby on the exchange rate; (3) the Stoékman-Mussa view,s which
ar@ues that real shocks may cause current account deficits (surpiuses)
and real exchange rate dépréz;}tions (appreciations) and to the extent
nominal exchange rate movements accommodate the latter, may lead to
nominal exchange rate depreciations (appreciations); thereby creating a
statistical correlation between the current account and (nominal) exchange
rate. The fundamental point of the intertemporal GE model is, however, '
that none of the aforementioned links are hard and fast--the exchange
rate and current account are both gndogenous variables; accordingly, the
relat1bnship between their movements depends crucially on thé nafure o?
the predominatiég exogenous shock to the economy and, in particular, on

whether it is perceived as a transitory or permanent disturbance. This

feature is highlighted in Sachs (1981) and Greenwood (1983).

The remainder of the paper is organized as follows: Section 2 seés
out the model which serves as the framework for our empirical analysis;
Section 3 contains some preliminary implementation considerations;
Section 4 discusses the empirical findings in the case of the UK;
Section 5 concludes the paper.

»
.

2. THE MODEL

) ’
The model describes a small open economy that is inhabited by iden-

tical, infinitely-lived agents and that operates under a flexible exchange

‘uke P . . . s
AR e Y el s W L . e
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rate. Agents have perfect foresight and maximize utility from consump-

tion and real money batances over an infinite gbrizqn 5ubjecf to an inter-
temporal budget constraint, Ope good exists in this world, so that

domes%ic and foreign goods are perfect substitutesi therefore, abstractﬁng~i
from transportation costs and trade impediments, purchadwng p&wer parity S
holds. Agents are (exogenously) endowed with "y" units of the good each
period. The domestic govemament taxés agents and 15sues a currency,which

is held only by nationa1§. No foreign money is held by ‘domestic resi-

dents. Finally, domestic residents (agents and government) can ffeely
participate on an international bond market at a constant.real interest

rate, r*, and interest rate parity (real and uncovered nominal) holds.

Three comments on this proposed structure are in order: -

First, it is clear that the framework of analysis is a simple one.
Some may fault, in particular, the aSSumptions of purchasing power
parity, uncovered interest rate parity and real interest rate constancy,

in view of substantial empirical evidence to the contrary [frenkel

(1980), Cumby“and Obstfeld (1982), Mishkip {1984)]. . The viewpoint

' adopted here is, nonetheless, that it is best to procééd (at teast ini-

tially) from the simplest possible framework. I |

Second, with respect to the assumption of perfect foresight--this
raises the issue of using a deterministic framework as a basis for

empirical work. Clearly, a stochastic framework would be preferable.

-

However, experimentation with: alternative functional forms (for. the

¢

momentary utility function); solving the Euler equations forward [as in
Pl

14
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Sargent (1984)]; and .imposing restrictions on the joint distritution of
consunptjon and asset returns (following Hansen and Singleton (1983)]
fa11ed to yield a closed form solution amenable to econometr1c est1ma-
t\on. Accordingly, [ work with the determ1nwst1c solution, replac1ng

future variables with their rationally-expected values.

Finally, it is noteworthy here that motivating money via the utility
function turned out to be more convenient/interesting than by alternative
means. More specifically, motivating money via a transactions costs
specification.as in Greenwood (1983), lead to a similar framework but
requires a data series on transactions éosts for empirical purposes.

— 3 -

g money via a cash-in-advance constraint also leads to a

L3
similar framework, but one with a more restrictive specification of the

demand for money than either of the above alternatives, since the velo-

city of circulation is fixed.

The model may be more formally described as follows: ‘Thé represen-

tative agent solves the following optimization problem:

S t-1 Me
maximize ? 8 [?(Gt) :_V(pz)].
3 . : Me-M, | .
. = - - - : *
subject to: bt Ye Te Ct (-—-p't—-—) + (]I"’r )bt-i

"~ with b? « 0,

where, £ is the subjective discount factor,

. [
C is real consumption,

.

M is desired nominal money holdings.\
» ‘ .



P is the nominal price level,

u( ), v( ) are the momentary utility functions,

is the privaﬂ% agent's one-period real bond purchases,
y 1s real income,

T 1s the real, lump-sum tax,

r* is the foreign real rate of i1nterest.

The problem may bg_hewrittgn as:

p -
VM Py P2
Ht 0 /
m:x {u(Ct) s vl(g) o+ SV(Nt'bt'pt+1)f
Ct’bt'Mt { ]
M -M, -
P _ . . tot-1, e\ P P _
s.t. bt yt \t Ct (——p—t———-‘)‘!]#r )bt'1‘b0 0
The first order conditions may be expressgc as: .
(1) U'(Ct) = 8(T+r*)u'(Ct+]) \
(2) w(fi) () - e Con) | =_T_pt*‘ "t
t U t
The government's budget constraint is:
) S .S
M -" -
g - g tt-1y. 9 - ;
A I L A (—Ft_”)' % 0 .
g

where, b denotes government one-périod,rehl bond purchases,

g denotes government purchases of the one good,
. ] - - ’ J
' denotes the nominal money supply.

b4
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Assuming "t = Hi for all t, and substituting the government bud@et con-
straint into the individual's budget®constraint gives: - * :
- _ .
= - ~- L = = p S
(3) b, =y, - € - g * (1sr*)b, ;. by =0, 6 =87 « b7,

-

This equation implies that the economy faces an intertemporal budget

constraint of the form:

I % T Dm0y
51 (o) T T t3 (e B ()
) . bT
As T - =, we infpose the transversatility condition: 1im — 7 = 0.
Teo (14r*) ®

so that the budget constraint may be rewritten 'as:

. C (y,.-9,)
(4) i t - ¥ LI M -
=1 (1+e9)E7  £21 (14re)t"

- ) ) .
N

1} i§ important to impose the transversality condition in the present
setting of perfect capital mobility, for it rules out the possibility
(/thx the household can attain unfgunded utility by Borrowing arbitrarily

large sums in the world capital market and meeting all interest payments

through further borrowing. ’—)

Finally, rearranging the first order conditions and using (4), it
is.clear that the general equilibrium solution of the model involves

the simultaneous solution of: : R
(1) u'(C) = B(1er*ju'(C, ;)

(5) v el ey
: R ¢

L

S



e (ye-9,)
- : W
<o 1

T {N+re)

"oty

T (1+r=)* t

) where it is the nominal rate of interest earned on a bond held from
period t to pericd t+l, and ", is real wealth as of period one. [n order
to solve the model expiicitly, some specific assumptions about functional
forms are required.

2.1 Specific Ffunctional Forms

F . N \ C(“-‘Y) ®
Assume u(C ) = t — , » = the coefficient of relative risk aversion

\\\\ . /\\\\\\ , ) with respect to consumption

Substituting this result in (1) and-réarrangwng gives:

(6) Cy = q(t'q)cx. for all t, where q = [3(1+r*)]'/"

Substituting (6) into (4) and rearranging gives:7

. _C] = mW

which, together with (6) - ) . o

C, = q(t'])mw for all' t. : | .

t i )
[t is straightforward to ‘show that: .
N I el LR N ({"')bt {
s=0 (]ﬂ") s . " )

where Ht is real wealth as of period t.

8

"9 Hher‘e m = [] - T-T%r‘i—y ':8(14-1-’)}]/)‘] L
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We may, therefore, write:

(7) C, = mh,, for all t
t
w5 .
Next, assume V(FE) z t_ —~ , & = the coefficient of relative risk
t i )
aversion with respect to real
balances.
] M -
- V'(pE) = (55)'3
t t
Using this in (4) above, while noting u'(Ct)-='C;Y, gives:
(Mt)'é . C.‘Y 1t
P e T

Using the approximation it/(1+i = 1 above, taking logarithms of the

¢}
resuylting expression and rearranging gives:

_ Y ] .
(8) log Pr= log M, - 3 log Ct t 3 log i,

Next, taking a first-order Taylor series expansion.of 109.\'t {about
it = T) gives: . .

log i, 3 Jog(T) + % (it-T), where 7 = mean of i

: t

Substituting this approximation, the uncovered interest rate parity and

purchasing power parity conditions, i.e.,

t ge1 7 109 €

i, = i; + log e t

P, = e

*
t tpt

3
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»t

into (8) and rearranging gives:

where, a prime denotes the logarithm of a var%ab]e.
1* denotes the foreign nominal interest rate, -
e denotes the domestic currency price of foreign exchange,

P* denotes the foreign price level.
E 4

Solving (9) for e, gives: -
el = 3T [wepr] o X a1 [iz+er, 1+ s,
Eoee) VT (esy P (esT) PR
s @ —1 (tog T - 1]
. (1+37)

" Finally, solving this equation forward:

(10) e = F oy .

e - '-]
Eo(1eeT) gm0 1esT Bt
Y (e
(1+87) j=0 1+57 %
+ ¥ L—J——)j+] i;+. *ls ? ( ] )J
j=0 1467 J j=0  1+63

Or, noting from (6) we have Ct*. = qJC

j ¢ (10) may be rewritten as

IR



: ’ 29
&7 ® 1,3
(1) e, = T }w (M, - Pr]
/ b(1+6T) 320 1457 tr ot
- —L— T (—=)7 10g(a’c,)
(1+87) j=0 1+&3 .
SRR i ts T L
: §=0 1447 ) w20 1437
' In summary, then, equations (7), (11) and the 1dentity.:8
(12) CBt Yy - Ct -9, where (B denotes the current account

" balance, f?om the basis of our study.

Before discussing some implementation considerations, a few comments

must be made.

.
N
. - - R -
- - -~

First, (7) is a statement of the permanent income ﬁypdthesis of

consumptions.9
’ ' :.\ ‘ LI .
Second, (11) is5 in essence, a statement of the menetary approach

view of exchange rate determination [or more precisely of its rational
expectatioh; extension once the future values of the exogenous variables
are replaced by their expected véﬁd@é. conditioned on §11 avqi1ab1e
current infbrmgt{on--seg Bilson (1978)]. "This is, perhaps all the more
evidént if (7) is used to replace the consumption variable by permanent
income and the parameter -L-is interpreted as the interest sémi-elagticity

]éT ' : .

of the demand for money.

-

In view of the foregoing points, it is clear that our empirical o
study constftutes.a joint test of the permanent income hypothesis and

the monetary approach to exchange rate determination.




Finally, it may be of interest to clarify here, in an intuitive
fashion, the characteristics of our framework. Firstly, in respect of
the current account: The model predicts that the current account will-

exhibit little response to permanent disturbances, while, on the other

4 *

hand, will be significantly affetted by temporary disturbances. The
reason is that, ia-the former case, both (yt'gt) and Ct adjust more or

less equi-proportionately since Ct moves-proportionatefy with permanent
-
! -

(disposable) income. In the case of temporary shocks, Ct remains largely

unaffect%d, thus giving rise to significant current acc0uﬁo»%ffects.

L 2

Secondly, in respect of the exchange rate: The response of the exchange
rate to temporary and permanent shocks. depends crucially on the value of

J: (which eorreiponds, as noted above, to the interest semi-elasticity-
81 ' ‘ .. L
_of the demand for money). As Adams and Boyer (1985) point out, high

-

values of this elasticity -imply great yeight is attached to future move- -

ments.H The converse is true for smal} values of the interest semj- R

" elastidity. Thus, in the former case, the exchange rate will exhibit

little response to temporary disturbances and a significént response to
permanent disturbances. Contrarily, when the interest-semi-elasticity is

low, the exchange rate‘résponds similarly to both types of disturbance.

3. IMPLEMENTATION CONSIDERATIONS

3.1 Sample

s
The sample used in our study takes the UK as the domestic economy

-

and the U.S. as the foreign economy . We, thus, expect ‘the small open

~economy assumptions noted above to be satisfied.




{13) K, = (1+r*)(H

The sample employs quarterly data over the.period: 1974:1 to

1984:1 (after allowing for lagged variables). A detailed desgription’

of the data and data sources is given in Appendix 1.

3.2 Consumption Function

With respect to the consumption funcfio&>[equation (7)] derived
above: It is convenient to operationalize this'function by exploiting
a first-order difference equation for the human wealth component of total
wealth, as in Hayashi (1982). This may be outlined as follows:

y
Define H. = F _tiS

t S=0 (1+r*)5 ’ Where yt"’S E yt*S'- gt+s :

b

This is the human wealth component of Ht. ¢

may be rewritten as: . -///

t1 - Yeop)-

!It'is easy to show that H

t

Using (7) to eliminate H, and H from (13), noting the general equili-

t-1
brium budget constraint--equation (3)--and rearranging gives.:]2

(14) Ct = (1+r*)(1-m)Ct_]

I® is clear that this equation is more convenient for estimation purposes

‘than equafion (7).

F4d <
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3.3 Exchange Rate Equation

With regard to the exchange rate equation [equation (11)] derived
above: MWe operationalize this equation firstly, by replacing the future
values of variadbles by thgif expected values, conditioned on current
information and secondly, by obtaining observable expressions for the

jatter. In order to do this, we proceeded in the following manner:

First, sn»unconstrained vector autoregressidn was estimated, com-
pnising-of’the three exogenous variables: M', P;'.and i* and the two
endogenous variables: e' and C'.]3 Three lags were employed on each
Variaﬁle and since Fhe joint estimation revealed neqligible correlation
acrossrthe equations' residuals, each eguation was estimated by OLS. A
segue:;e of F-tests suggested: (1) The endogenous variables‘do not
Granger«cabsg the'e;ogenous var{ables and (21 Each exogenous variable
is not Granger-caused by any other exogenbus variable._]4 The former
findiﬁb-is 3 pre-condition for the applicqbi]%ty.of the Hansen and
Sargent (iééoj formula employed below; while the latter finding suggests
that, for forecasting purposes, univariate time series models of the

exogenous variables are- adequate.

Therefore, iﬁ order to obtain a parsimonious representation of the
stochastic proces;es for the exogenous variables, the Box-Jenkins three-
step, univar1atew time saries analysxs of identification, estimation and
d1agnoStrcs was carried out. ‘A prerequisite of this analysis is that
the variables be stationary. Flrst differencing\was required to achieve

this. [Accordingly. the observab1e counterpart of equation (11) will ber

12
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expressed in first difference form for estdmation purposes.15]

<+

.The following results were obtained: The identification step of
the analysis prd!ed to be ambiguous. The estimation step 3uggested‘that
4PY' was adequately captured by an AR(3) process, while M, and 5i€
seemed to follow AR(2) processes. We, therefore, have: -

®
. ] 2
(15) G1(L)AMt = th' a-l(l.) - 1 "‘1]11- = 3]2L
-
(16)  a,(L)AP* = v, ., a (L) = 1 - & L - 2, L =75 13
2 t 2t 2 =21 22° - 723
€ - -
. o -:‘.— ’
(12) a(L)aiy = Vo, ag(l) = 1 - a5l - ay,l
1
where, L denotes the lag operator,
Vit is a white noige,disturbince term; i =1, 2, 3
uij is a parameter, i =1,2,3, j=1, 2, 3.

The results of the Box-Jenkins estimgtton of (15)-(17) are reported in

Table 1 (Appendix 2).16 Also reported are the individual autocorre]aa

.
-~ .

tions of residuals, the BoxsPibrce Q statistic and the critical value of
. - "\‘

the x2 for the Box-Pierce test. This test suggests that the residuals
have beer/reduced to white m;fse. A further diagnostic cheék was un;;r-
taken by comparing the autocorrelation funcfions of the original and
simulated time series. This suggested also that the specifications
adopted Qere adequate [see Pindyck and Ru&infeld’(l976ﬁ for further

details]. .

LY
1wy o



Finally, equations (15)-(17) are used to gegerate obser-able ex-

pressions for the infinite discounted sum of (the first differences of)

expectational t;:ﬁsxin:

(1) de, = RIS ST S S Y O T e
e : :

More specifically, this equation may now be operationalized using the .
. following result:

- J o= ]
\WAEX . = - \ E.:.X . 4
0t 50 ¢ Y

n oty

J

where, Ax_ is a covariance-stationary process:

t

. S g
a(L)Axt = Ve a(t) = a]L e JqL

-~

where, v is a white noise disturbance, \ and a; are parameters. This
result constitutes an extension of Hansen and Sargent's (1980) usage of
the Weiner-Kolmogorov prediction formula in operationalizing infinite-

discounted sums of expectational terms. [For further details see Finn - -

“©
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(1986).] Since (AME), AP;‘ §n§'Ai* are stationary processes we may

t

directly apply the above result to equation (11').

tionalized exchange rate equ«mtion:]7

(18)  sep = (a7

LI PO+ 1+47
+ i’ 3](L)AH"'
5T t

St R B NS
1+41 1+&1

1 .

aéi

L) la (——)17 1

+
1467 S 1447

1 .
+ — a.{(L)Ai*}
&7 ° t

= vf8 ACt.

1 2 ]
T (T (kg

-

§=1 k=j+1 1487

2 3 .
D (T (==,

+

j=1

1 2. .
f I (T (=)

j=1 k=j+1 1487

3.4 Estimation Technique and Diagnostics

Tk)

3k

This gives the opera-

Jqam
L ]AMt

J .
k)L ]APE

L aiy

" Bringing together the various components of our solution, then, we

have the folpwing system of equations.

Ry



Fadib b
5!?
t

L 4
12 S
(08) el = () la (== 17D ¢ T (T (=) i
1+681 'l+51 j=1 k= _]+‘i 1+37 .
L s ¢
o '-*_i- 1 t) e
2 - t
ol ] . -]r < .i 4 .
L e I A I QR LS L MRS TR I
1457 2 1457 371 k=3el 1eaT
Lo (L)arry 3
X3 2 t L]
12 | |
191, - - .
e () ey (=170 ¢ T () g 0L
1487 1457 §=1 k=j+l 1453 St
L 1 * *
+ — a3(L)A‘| v N
87
- v/8 ACt.
(15) aMp =gy ot Ve
. \
Apx!' = * ! ' -«
(16) aPY" = 2y 8PELy + 3pp8PE 0 * 2238l * Vo
;% =- s x ;w
(7) 3iF = ayTig ) *agpdify * Vg
o o

(18')  aC, = asC, ;. a = (T+r*)(1-m)

Notice that (14) has bepﬂ ertered also in first difference form. quin.
this was necessary “in order to obtain.a stationary process for consump-
tion, which is 1mportant to ensure accurate System-coef‘lcient estxma-

t1on. -0



This simultaneous system of equations is eslimated below using tbé\
fu!l-inforhation’naximum Iikefihood technique {FIML). Al coefficients
are identified with the exception of m and r*’'in equation (14')--only
the "product” -parameter a is identified. Farthermore, the within- and®

: cross-equation coefficient restrictions are tested by obtaining both
the restricted and unrestricted FIML estimates and carrying out a like-
1ihood ratio test. The unrestricted system is as above, except that

(18) ig replaced by:

(18') Aeé = C]AH% + CZHE.] + C3AM£_2

AP*x! L * Y
" CuaPYT ¢ CoaPYly * CeaPy, ¢ CouPYy

R i A T

v

4

Final]y,'we examine the model's within-sample tréﬁking ability with res-
pect to exchange rate and current account movements. The former i's com-
pared with the random walk model's tracking peffofmanée. In view of the
sanéle-séze, it was thbaght best to use all observations for estimation
purposes; accordingly; we.do not &xamine the model's forecasting abi-
lity. This remains a task for future research as more observations be-
come available. - 5

Before preseﬁting the emp%rica} ffadings, it is important to.note

‘that a diagnostic check on ‘the consistent (OLS) residuals from the esti-

~—e—

—_— .
such as outliers, functional mis-specification and parameter instability,
. ~ R

L - N -
- e

mation of equations (18') ang (1’4‘)..was u.ndert'akﬂn for possible problems

12
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heteroscedasticity, multicollinearity, autacorrelation and non-normality

. 1 ' . . .
of residuals. 8 The results of this diagnostic check suggested that

‘none of the aforementioned problems werg present. Accordingly, estima-
tion of the above- joint system by FIML is expected to yield consistent

and asymptotically efficient coefficient estimates.

4. EMPIRICAL FINDINGS FOR THE UK

The FIML estimates of the restricted and unrestricted systems :n

the case of the UK over the period 1974:1 to 1983:1 are presented in

Table 2 [Appendix 2).}9‘20‘21

R .
It is noteworthy at the oufset that the likelihood ratio test could

not reject the restrictions at the 5% level of Significancez More

specifically, the test result is:
' : »

0 . ) ' 2 ’ -
- = 7? ‘! = . * Ad
2 1og[gR/LUR] 8.77 < °(9) 16.92 |

-
a—

where,” Lp = the value of the restricted 1ikeTihood; and

oo

Lur =Jthe value of the unrestricted likelihood.

A number of comments may-be made about the'coefficients of the res-

L

stricted system: : ’ . *

%irst1y, the coefficients of the time serie$ processes ;re simitar
both in magnitude and in sigJif?cénce to the corfe%éonding Qox-Jenﬁin;
estimates (jn'Taéle 1). In }egard to. the key structural barameflrs.
viz. vy and §, the coefficients of relative risk aversiog attached to

‘consumption and real mone} balances, réspectively;'these are pfausible

-
El

[+




in magnitude and are very significant. More specifically, these values
seem plausible in view of other estimates of y which have been obtained

in the 1iterature: Hansen and Singleton (1983) found values of y that

;typica11y'were between Zero and two, while Grossman and Shiller (1981)

AN
found that stock prices could be explained by values of y in the ra

of four, Ffinally, notice that the estimate of a--the consumption
tion coefficient--is insignificantly different from zero. This 1;ﬁ1ng
is consistent with Hall's (1982) findings, in suggesting that consump-

tion follows a random walk {in levels).

Next, consider the explanatory power of the modef: the rightmost
columns of Table 2 list the sum of squared residuals¥and standard error
of the reéression for each of the system's equations. These Suggest that
the equations are well fitted. We also examine the model’'s tracking ~
ability in respect of exchange rate and current account Wmovements.

Time series plots of tie actual and reduced-form (of the restricted

system) estimated values of the exchange rate and the current account

indicate that -the model tracks very well. Of particular-interest in

this regard is the fact that the model's tracking performance closely
corresponds to that of the random walk model. Table 3 (Appendix 2)
summarizes this performance using the mean absolute error (MAE) and root
mean square error (RMSE) statisticsl The§§:§tat1st1cs indicate that

both the intertemporal geheral equilibrium and the random walk model
trqck exchange rate movements well--the former having a s]igh; edge over
the latter. This result is interesting since, a]though the intertemporal

general_equi]ibrium model. contains more information than the random Qalk

19



model {(given that the former's estimates are based on the entire sample
period), the Backus (1984) study found the random walk model to be
superior in terms of within-sample explanatory power than the existing

exchange rate models.

©2
S. CONCLUSION -

The small-scale intertemporal general eQuiIEBrium model finds a good
deal of empirical support in this study. The key structural parameter
estimates (of v and 8) have plausible magnitudes and are significantly
different from zero; highly non-linear within- and across-equation co-
efficient restrictions are accepted ac¢ a reasonable level o7 .onfidence
and the explanatory power of the model is very good, with the model

closely mimicking the observed random walk behaviour of exchange rates.

-

Therefore, while the intertemporal general equilibrium analytic%]
framework employed here has maintained some strong assumgtions--such as
purchasing power parity, uncovered interest rate parity, real interest
rate constancy--assumptions shared by most existing empirical exchange
rate models; the evidence suggests that the framework constitutes an
advancement %R _our ability to explain exchange rate behaviour over Ehe
latter, specificylly by modelling current account behaviour ;i@ultaneously
and by taking explicit account of the restrictions imposed by forward-

looking rational economic behaviour,
[ \
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CHAPTER 2 - NOTES

The simple flexible-price monetary model is based on Frenkel (1976)
and Bilson (1978); the sticky-price monetary model on Dbrnbusch
(1976) and Frankel (1979) and the‘sticky-price mode! incorporating

current account effects on Hooper and Morton (1982).

.
-

The sticky-price monetary models were based on Dornbusch (1976),
Frankel (1979) and Driskill (1981); and the portfolio balances
models on Branson et al. (1977), Dornbusch and Fischer {1980), Kouri

{1976) and Obstfeld (19%2).

See Kouri (1976) and Branson et al. (1977).
See Dornbusch and Fischer (1980).

See Stockman.(1980) and Mussa (1980).

This is not available on the quarterly basis required for our case

study.

/v
L 4
In solving for C, we require [Bg}t:,;] < 1. This condition

unambiguously holds for y > 1. *

A

Note, this identity is consistent with the theoretical framework for

A

our study. For empirical purposes, y is defined as GDP plus net

factor income from abroad plus net unilated transfers from abroad

minus investment.. For more precise definitions on these and other
p

variables see Appendix 1. Notice, furthermore, that since ‘consump-

tion s che only endogenous variable in the current account



identity, the current account equation contains only the parameters
of the consumption equation--therefore, the current account identity

plays no role in the system estimation below.

9, This is, perhaps, clearer to see when one notes that weaith and
permanent income bear a proportionate relationship to one;inother.

*
at a constant interest rate, viz. W 's (1+r*) »p P

t = Yt. where y~ dencotes

_ permanent {disposable) income.

10. To see this latter point clearly, note that a typical expression.of

-the monetary approach is:
' = 1 - - - “ol ; &
e Ht p* ¥yt g(i

where the new notation is: .-

3
1]

n = the real income elasticity of money demand,

[
the interest semi-elasticity of money demand,

E:

a = constant term ) .

0 ) ]
y = real income measure (current/permanent income). ,

This equation compares directly with equation (9) in the text.

‘
s

11. This is clearer when we note that ( -
. RE LN

1 € 57
) = and -
(T+¢) (1+87)

in equations (10) and (11) of the text, where € is the

1+¢

interest semi-elasticity of the demand for money.

12. The details of ihis derivation are as follows:

~ 2 o~ -~
w _Jtes a3 Y42 '

o) Y., * + - o
t S=0’-(]*r*)s t {T+r*) (]"'!")2 -

LY H

nt

(d




y y y
. . Ttes-] ~ t t+1
(‘1) . H z f _——:y + +
t-1 s=0 (1¢r*)s t-] (Ter®) (1+r*)2

Equations (i) and (i1)

(iii) Hy = (1+r')(Ht_1 - yt-l)
From (7) in the text and the definition of Ht we have:
= = *
Ct mHt m[Ht + (1+r )bt-1]

1 -

- 1 = - - *
(iv) Ht = Ct (1+r )bt-1

] o

= (V) Hear = ooy - (1ar90be

Substituyting (iv) and (v) into (iii) gives:

]

\

(vi)"

- ! 5
Cp = (1#r®)b, 3 = (Ter) (o Ct-1_f (Yer*)by 5 = ¥ y)

al—

iy i 2
(vii) Ct_- m(1+r*)bt_] + (1+r*)Ct_] - m(1+r*) by_»

- m(Hr")yt..l
But, from equation (3) in the text:
Coop ™ =bpy * Feoq + (Terdby

- -m(1+r*)C

) - 2
t] ° m(lfr’)bt_1 - m({+r*)yk_] - m(1+r*) bt-Z

Substituting this into (vii) gives equation (14) of the text, i.e.,

(14) ¢, = (erm)(A-m)C,



13.

14,

15,

Notice, furthermore, equation (6) in the text directly implies

equation (13), i.e.,

(&) ¢, =t

. C, =0 Cyqe = [BLer) )Y = (ern) (1m)

But, the reason the more lengthy derivation above is noted is to

show tﬁg consistency of equation (7)--the permanent income hypo-

L.

thesis, which is more gerieral than equation (6) in imposing the

dFeseng-va1ue budget constraint [equation (4)]--with equation (14).
-

Note that all variables were entered in percentage-change format
(except for the interest rate, which was entered in first diffe-
rences); since in (11} they enter logarithmically (the interest
rate in levels) and first differencing was necessary to achieve

stationarity.

A similar testing procedure was undertaken by Rotemberg and

Giovénnini {1984).

. . 'R

This, together with the §irst-differencing of the consumption func-
tion, ensures thit all variables--not just the éxogenous variables--
are measured in similar units for the joint-FIML estiﬁétion of the
exchange .rate, consumption and time-series equations. (This i
1mportant to ensure accurate system-cqefficieq§ estimation.)

Also, first-differencing of all the va:iables in a model is desir-
able, as Grange; and Newbold (19745 ;oint out, so as to avoid the

problem of spurious correlations which are likely to. occur when both



the dependent and the explanatgry variables are non-stationary,.
Finally, as Nelson and Plosser (1982) point out: First-differencing

avoids the spurious periodicity of trend residuals.

16. Note that since the stochastic processes for the exogenous variables
are modelled as autoregressive processes, all current period shocks
¢ decay through time at a speed determined by the magnitude of the
autoregressive parameters. The larger are the latter, the more

permanent are the effects of current period shocks.

17. Notice that im going from equation (11') to equation (18) we have
also used the following result:

= 4l o ! 1 A]og(qJCt) = - 3 Alog C,-

(1+6T) j=0 1467 §

> 18. The procedures employed and results are reported here:
‘4‘) A time-series plot of the residuals indicated that outlying-
residuals were not present.

4 [
(b} Individual scatter diagrams of the residuals and,each explana-

»

tory variable exhibited no systematic relationship, suggesting
) that there is né-functiona] mis-specification or parameter in-
stability. This diagnostic check was supplemented by a Chow -
———— . test for stability and mis-specification, which confirmed the '
. findings of the former check [see Chow (1983) for détai1s].
(c) Scatter diagrams of the squared residuals and fitted dependent

< varigbles, as well as of the squared residgals and various

lagged vaTues thereof, indicated no evidence of

- . -

[

N
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19.

(e)

[t is noteworthy that the estimates proved robust to alggrnative

heteroscedasticity--time-varying or otherwise. White's test
[see White (1980)] and Bartlett's test [see Pindyck and
Rubinfeld (1970)] for heteroscedasticity confi}med the-]after
finding. Note that only an approximation to the White test
was undertaken for the exchange rate equation since the large
number of bivariate combinations of the exp]an;tory variables
required exhausted oﬁr‘degrees of freedom. This is why the
Bartlett test was also undertaken.

As a check for the presence of multicollinearity, a simple
cross-correlation matrix on all of the explanatory variables
entering the mode} was examined. In no case was evideﬁce of
high correlation found, suggesting that multicollinearity is
not a prob1em for our case study.

Scatter diagrams of the residuals and their {agged values in-
dicated autocorrelation was not present. This was confirmed
by an LM test [see Pagan and Hall (1983) for details].
Finally, the Jarque-Bera test for the normality of residuals
was not rejected for the equations [see Jarque and Bera (1980)

for details]. —

!

starting values. This is important as it suggésts that the likeli-

hood function is well-behaved §pd‘tha£ we are at the globalt-maximum,

point. The actual starting values used for the results reported in

Table 2 are:

(a)

. *

for the restricted systems: the Box-Jenkins estimates of ‘the

time series parameters, a = 0.5,y = 2, § = 2.



v (b) for the unrestricted system: the Box-Jenkin§ estimates of the

time series parameters, a = .5 and OLS coefficient estimates
of the exchamge rate equation.. .
’ 20. We also estimated a version of the model in which we admitted the

possibility of government (consumption) expenditure serving as a

substitute for private consumption, following Aschauer (1985). It

PR

proved insignificént and, is, thus, omitted from consideration here.

g

2. The estimation was also undertaken using an alternative, broader

measure of money--namely a measure of M2. Similar results were

.

obtained.
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Appendix 1

Data agpd Data Sources:

UK pound per US doller; end pf period; seasonally adjusted;

source 1.

UK M1; end of period; seasomally adjusted; source 1.

US GNP Price Deflator; 1980 = 100; seasonaliy adjusted;.source 1.
US 3-month treasury bill rate; end of period; source 1.
UK Consumer Expenditure on Nondurable Goods énd Services at the

1980 prices; seasonally adjusted; soﬁqce 2.

UK Current Account deflated by GDP deflator (1980 = 100); seasonally .

"adjusted; source 2.

¢

UK GNP plus net unilateral transfers from abroad Tess gross domes-

~

tic fixed capité1 formation less increases in stocks less con-

sumer expenditure on durables, at 1980 prices; seasonally adjusted;

source 2. . T A

-

&

UK government consumption expenditures; seasqnaiiy adjusted.

source 2. . . o ) -
- 2 . . N

-

Source:l1: O0.E.C.D. Main Economic Iﬁdicators,-His;ofical Statistice,

Ve o %

1964-1983. . - \\

Source 2: CSO (UK) Ecbnomic Trends,,vafious issues.

v
-
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Table 3: Tracking Performance - Summary Statistics
- < * - \ P
' : ‘ - __MAE RMSE
| (i) - Intertemporal: General Equiiibrium Model .
' (a) Exchange Rate 0.0354 0.0446
(b) Current Account ’ : -——-—\ 0.0207 0.0274
J(ii) Random Walk Mode} '
s " (a) Exchange Rate 0.0388 0.0486
. 5. wa
e L
> — '
‘ ! 3
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CHAPTER 3
ON SAVINGS AND INVESTMENT DYNAMICS
IN A SMALL OPEN ECONOMY

1. INTRODUCTION

The purpo;e of this essay is to construct a stochastic inter-
temporai general equilibrium (GE) model of savings (S) and investment
(I) in a small open economy (SOE) under conditions of perfect interna-
tional capital hobi1ity and to examine, using simu1atioq techqiques,
the predictions of the model for the dﬂfcs- of S and I .bgr;aviOur in

response to technological disturbances.

Y

The motivation for the paper derives from the'fd1103ing cpnsiaéraJt-»

) . .'_7-3.7_,"-

tions: REITI e

(1) Most of the existing studies of Currenﬁ actount determination.in

the context of intertemporal GE-models focus e1ther echus1vely on

Obstfeld (1981), Svensson and Razin (1983), Helpman_and Razin

(1984)) or model both S and [ behaviour jointly.in a two;period _

13

1ived economy (Razin (1980), Sachs (1981), Svensson (1984)).' In our

view, it is of interest to examine S and [ determin;twon simul- .“
taneously, but in a mode1 which does not restrict the lifetime of
;Qg economy to two periods-—;hereby permitting more interesting S
and f dynamics. ) o o

_ Two recent studies do just that., More specifically, .Persson and
v . " 7

R2 " 'y,

the savings side of current account determ1nat1on (Greenwood (19831,":

5



(2}

. In:the words of Feldstein and Horioka it is arqued: "With perfgét

Svenssogﬁ(1985) use a deterministic, svér1apping-geperations (OLG),
SOE" mode! under conditions-of perfect international capital mobi-
Tity, to examine the dynamicéﬁof S, I and therefore the current
account.in response to static and intertemporal terms-of-trade
disturbances. The model generally predicts S and I dynamics which
move in opposite directions, thereby producing sizeable current
account movements over time. Persson (1985) uses a deterministic,
OLG model of a_closed. SOE and large-open economy (under conditjons
of perfect capital mobility) to examine the effects of a one-period
governyent budget deficit. The model predicts zero co}ariation
between S and I in the SOt gase, while some ﬁbsitive covariation
between S and I obtains in the largg ppeh écbnémy cése'auelio-in-

duced, equilibrating, world interest rate movements.

There now exists- a siiéablelempirica! literature (Fe1dstein and

Horioka (1980), Feldstefn (1983), Penati and Dooley (1984}, Fieleke

' (1982), Caprio and Howard (1984)) which,documenzf_significant1y;

positﬁve'cross-sectidhal correlations--for a Qide range of QECD

countries--between § and I, averaged over periods varying in length .

between 5 and ZO.yeers.]’Z

dence--for $even OEE€D countries--of mostly sign%ficantly positive
quarterly time series correlations between S and I and Frankel

(1985) shows ‘evidence of signfficén;Iy positive.decéde‘average and

.annual time series correlations between S and I for the U.S.

‘This evidence has, largely, been interpreted as béing fndicative.”

. T ¢
that capital is strongly immobile for a wide range of countri'es.3

‘In addition, Obstfeld (1985) finds evi-

"3
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world capital mobility, gthere should be no're1ation between domes-
tic saving and domestic investment; saving in each country responds
to the worldwide opportunities for investment and investment in

that country is financed by the worldwide pool of capital" (Feld-
stein and Horioka (1980), p. 317). While it is recognized that
common factors may affect saving and investment in the same direc-
tion even under perfect capital mobility, it is argued further that
the above evidence places the burden of identifying these common
factors on the proponents of the hypothesis that capital is inter-
nationally mobile. Obstfeld (1985) simulates a deterministic, OLG,
SOE model with perfect capital mobility to show that effective
labour-force growth is one such factor--cggable of explaining the.
cross-sectional S and I correlations. The example is, however,
qualified by the observation tpat Tabour-fogge growthvis not an
important determinant of teal-world S and | rates. Obstfeld,
furthermore, points out in the context of a deterministic, repre-
sentative-agent, SOE model with perfect capital mobility that an
unanticipated and sufficiently temporary domest%c produCtivity

shock in one period induces positive correlation in the impact res-

ponse of § and 1. He also potes that S and [ must be expected to

be more stronglf'(directly) related for larger economies than for

smaller ones--since a country's influence on world real interest .
rates is directly related to its size. Persson's (1985) results,

referred to above,° serve as a case in point.

sS4



(1)

With view to the points made in (1) and (2) above, this paper in-

vestigates, at a theoretical level, the question.of the dynamics of S
and | ip response to technological disturbances under conditions of

perfect capital mobility and, in particular, the question as to whether

these dynamics wi]i ba characterized by significantly positive correla-
tions between S and I. These questions are addressed in the context of
a stochastic intertemporal GE model! and dynamic simulation techniques
are employed. C(learly, a stochastic framework is necessary to develop
rigorously the implications of the model and, as will be inJ?cated be-
low, the $tochastic framework differs fundamentally from a deterministic
framework. Dynamic simulation techniques are used to generate the time
series for S and I implied by the model under alternative specifications
of the distribution of technological disturbances. .(A similar simulation
strategy is used in Huffman (1986).) The dynamics of S and I relations
are then summarized by regressions and correlations between the simu-

lated time sgries.

A few specific points on the analytical framework are in order here:

The model is an OLG model of a 2-period lived agents. -The main
reason for choosing this frapework is its analytical tractabilfty

in a stochastic environment with endogenous rates of return to fn-

3

vestment. Indeed, by contrast, it can be shown that an infinitely-_ -

lived fepresentative agent framework proves intractable in such an

environment.‘

Also, the assumption of infinitely-lived agents
giveé }152 to a very'high degree of consumption smoothing and inter-

temporal substitution. In this regard, Persson and Svensson (1985)



point out: "One could thus argue that a model with finite planning

horizons seems to give rise to a more intuitively reasonable and
even more realistic savings behavior". Furthermore, the OLG

—has nice stability properties--in particular, it does hot require
‘arbitrary restrictions on the rate of time preference in order to
enéure stability of the steady state, as is the case for the
infinite-horizon analysis of Obstfeld (1982) and Svensson and Razin
(1983). .
[t is, finally, noteworthy here that before one compares sta;istics
generated from simulations of the OLG model with documented statis-
tics, one must decide on the length of Fhe time period'of the model
--i.e.,“;hou1d the generated statistics be comparéd to monthly,
quarterly or annual statisfics. etc.? geme may argue tha% the OLG
model is suitable only for analyzing low frequency S and [ dynamics.
However, as pointed out by Huffman (1986), the OLG model does not
lend itself to an easy answer to this question and this problem is

.
' not specific to the OLG framework. Even if agents were infinitely

lived there would still be ambiguity in matching the model with the

data. This qualification ﬁust therefore be borne in mind in inter-

preting the results below.

(2) The prime concern of the analysis is in the dynamics of the S-I
relationship in a _SOE in respoﬁse“to shocks to technology. The
focus on the case of an SOE is due to the fact that most of the
empirical literature, referred to abeve, deals with the SOE.

Furthermore, one must automatically expect higher S-1 covariations .




N— -
\\ » - .
-___‘ﬁhhh“‘“‘““-<::n:§§g:lg£gs\gffh economy case since, as mentioned above, a coun-

try's infhuence on world rates of return is directly rela¥d to its
size. Accérding]y, the SOE case is the most interesting.
The focus on technology shocks is due to the fact that expenditure
disturbances have been analyzed by Persson (1985).5 '
k3) As ﬁas been mentioned above, the analytical framework is stochas-
tic--with uncertainty introduced alternatively via domestic ér for-
eign technology shocks. A stochastic environment is necessary to
develop rigorously the implications of the model. In addition, an
interesting feature a§i§és from the stochastic nature of the model:
~whi1e'the focus of attention is on an SQE, it is also necessary to
model the ngif-of-the-world (or foreign country) decision problem.
The reason is* that uncertainty and risk aversion on the part of
agents prevents the international equalization of real returns on
(real) investments--and this is so gxgﬂfin‘a world of perfect capital
mobility.6 Accordingly, especially for the purpose of the present

study, the stochastic framework differs in an important respect

from the deterministic framework.

The remainder of the paper is organized as follows: Séction 2 out-
1ines the model specification, Section 3 presents the simulation results

and Section 4 concludes the paper.

L 4
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2. MODEL

The model describes a twoscountry (domestic and foreign-country)
world in which agents live for two periods. A new generation of con-
stant size is born in each country each period. The domestic country is

assumed to be small” in relation to the ?oreign country--this is re- |

flected in population sizes.

In their first period of life, each individual in each country in-
elastically supplies one unit of labour to a firm located in their
country. The firm combines tﬁis labour input with the (non-depreciating)
capital invested in that country to produce output. Production func-'.
tions are assumed to be of Cobb-Douglas form in each country and contain
a multiplicative productivity (or technology) variable. Uncertainty is
introduced into the model alternatively through stoch&stic variations ig
the domestic or fofeign technology variable. The return to labour each
period is its realized marginal product. Once incomes are received,
individuals decide on their savings and its composition. Wealith may be
held in the form of domestic .and foreign physical capital and in domestic
and foreign private consumption loans--i.e., perfect internatignal mobi-
lity of botp physical capital and consumption loans is QSSumezs;";;:
portfolio size and composition decisions are made in su;h a way that

agents maximize expected utility.

Agents enter the second Beriod of their 1ives as capitatists--owners
of the firms. They now hire labour and pay each worker their marginal

product. Their consumption is di.tated by their portfolio choices when

d B - a
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they were young.

v The model is formally described as follows. Table 1\&59pendix 1)

1ists‘all notation used in this description.

First, consider the case where uncertainty stems solely from stoc-

hastic variations in domestic technology. The representative young

domestic agent solves the following optimization problem:
&

. Max E[log(ct)+8 1og(dt+1) = 1og(ct)+8 ? fij ]09(d1t+1)
. . _ o d . d/oy. . ,
whece the choice variables are: ki ;, kt+1’ and ]i(t)‘ subjegtto:
_ d d

(1) c, = "t'kt+1 k;+1 E Q; (t)1 (t)
(2) d = (V4r, o kS 0+ (eer k9 w1900

it+l it+1 77t 4] t+1 t+1 i
where w (1-a)(1§)a -- the marginal product of domestic labour

) Fige] = 1t+1 af t+l)a-1 -~ the marginal produét‘bf domestic
capital
* - * t+] » -
rEe) = a*(—— ) -- the marginat product of foreign
~ capital

The demestic technology variable, 6, is assumed to follow a first-order,

two-state Markov process of the form:




¢ : sy s s -
61 with probability f1] if Git.' 91
) . 82 with probability f21 = l-fn if eit = e]
8.7 =<
¥§+1
a] w1th'prqbab111ty f12 = 1-F22 if eit = 82
L 82 with probability f22 if eit = 3

2

The state of nature, indexed by i, is identified with the realization
of Gi (i =1, 2).
> 4

Multiplying (2) by qi(t) and summing over i gives:

: = d s d
(3) : qi(t)dit+1 = ? qi(t)(1+rit+])kt+] + ; qi(t)(1+r§+])k;+1

+ 2 g (1(t)
1

v,
Adding (1) and (3) gives:
- d
' d
. R RO RIRIT e

1

.

B ,.p""'—\

- - -

The i'bsence of arbitrageﬁpportunities in equilibrium implies that

the following conditions must hold:

' Ca e od ~
(5) [E q; (t)(14r  4)-1] < 0 = 0 if Keop > 0 (as will be assumed)
- l.' d .
(6) [§ qi(t)(1+r€+1)-1] <0=0if k¥ey > 0 (as will be assumed)

1
otherwise, there wouid be an incentive to borrow infinite amounts and

invest the proceeds in the domestic and/or foreign technologies.

.
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AccordinETy, (5) and (6) will be imposed on the agent's de(?sion prob-

lem (see Sargent (1984)).

The first-order conditions are:

(7) , =
- - - L3 -
[wt Ki o1 kt+1 i t)l (t)]
+ BL fiJ'(1 * ritﬂ)
. 3 3 4
IO+ riegkey O 4 t+1)kt+1 +15()] . -
<0, =0if«3 . >0
- t+1
>
(8) . -1 .
* v = keay - kg - T (0150
\ f (1 + rt+])
8L 3
i [0+ r1t+1)kt+1 + (1 +r2 1)kt+1 15(8)]
' J
<0, =0if k¥ >0 -
) 2 t+1° R
-qi(t)

d
[wg = kg = kEay - Doag(eny(e)]

. f,.
+ B . i

[+ s (1 e +‘)kt+] 19(1))

T
TIRLOVE

20 for i = 1, 2 .




ik
3.
'

(10) s, = k

Assuming an interior solutian for capital hoidingg, these first-order

conditions.may be rearranged to give:
*

-

d d d : g
¢ 2 KLyt kit 9y (nS() + o ()13 - iy

- st is pre-determined at time t

).t Figlt * riea

s d
i[O + rit+1)kt+1 + (1 +

) - (] + r;"’])] ’

ety + 9]

t+1

-1
f,.q,(t)
(12) 2j2

3
L+ rppa ke = O arty) t+1 33

-1
] f3H () -

‘ 3  ECIT
LA+ rpn ke = O F rpg )iy = ()]

1 . e

From {11) it is clear that under uncertainty and risk aversion on

the part of agents, real rates of return to domestic and foreign invest-

Y

ment are'not equalized. Accordingly, it is not poss1ble to solve for

thé domest1c capital stock and, hence, domestic investment and saving

withaut modelling the foreign country decision probiem. >

3

Correspondingly, the solution to the representative young foreign

agent's decision problem involves the simultaneous solution of (5) and

(6) and:



_f f f fooy . _ 8*
(107) sp = kiyy * kg * 08+ qp (0)5(t) = gy Wi

T - s{ is pre-determined at time t

¢

£LLO ) o0 e )]

(M Su A LA M -0
{ ”* *
PLO *+ripadken + O+ ek + 15(0)]

-
f2jq2(t)

'I w
(12%) L f

. f .
LA+ rapapken * (1 * ik + o000

-1
y f1191(t)

- 4 f f =
[0 +r (U4 ez ke, 2 ()]

0
1ee1 K g
®
E*a*
- t . .
where wg = 6:(1-a*) —§% -- the marginal product of foreign labour. The

. equilibrium conditions for the world economy are:

. - ad f e
(3} Koy = Nkpyy + Ny :
s ' ?
Cme - auad f. ,
L (13) K€+1 - Nk§+l * N*k§+l- ‘ C}
. - )
05) M) + enf(ey =0 -
N -
E (16)  MI(t) + w1 5(¢) = D
- It is straightforward, although lengthy, .to show that, noting the

, -
»
definitions of Wes WEs Tiesps r:+1,.the equilibrium solution of the

médel (i.e., equations (5), (6), (10)-(12), (10%)-(12*), (13)-(16))




. e
:

./,*educes to the solution of the following system of four equations<in the

four unknowns:

(17)

(19)

Ryt Rhars oo 53 -
Kt+1 +'KE+] = Nstﬂ&»N*s{ .
1]
el ~
0+ e U marCEL Gty 7
g .
r bl 1 t+l,a-]
- 83,0(—) - /fzJe]a( )1
X K Koy ooy
t+1,q-1 t+] a*-] t+] o=
X
<o [B*a*( t+l)a -1 ‘9201( tN+1 ]U . e]a(—tﬁﬂ)a-]]}
_ ' 4
Kt a )
O TT:ET (1 ~a) )
s o*(1- *)( Bt . \ ' “
St TTT@T)' - ~ S

The ,assumption of-perfect international capital mobility-domvined

&

with the assumption.of identical relative risk aversion across domestic

and foreign agents8

iﬂblieé that agenhts are indifferent as to the pompoi\

sition of their portfolios between domestic and foreigﬁ physical capital

' ‘holdings' and consumption loans.

® .
with regard to portfolio compostition.

The model. is, therefore, indeterminate

For our purpose of determining

oA



aggregate net investment and saving it is, of course, 1rre1evant as to

who hq1ds what asset. In part\CUIar for example, the solution for

' - 2l T e : ;T 5 '
$‘+i and sz from equations TT77=f20)\are used in the following equations
: to solve for aggregate domestic net investment '
| {21) I = Keay - K .
e (22) sy = My - sy ) :

"An interesting extension of the model would be to allow for diffe-

.

L} .
" rences . in relative risk aversion across domestic and foreign agents and

.

aevelqp and test its.predictions for domestic hnq foreign portfolio com-
i f. . position. An a;ttactive feature of the OLG f}amewofk is that such an
| .extension is t;actab]e " In contrast the solut1on procedures for open-
econony 1nf1n1te1y-1rved representat1ve a,ent ‘models r§1y heavily on k

Ve the aSSunption of an 1nternationa11y-perfect1y pooled equilibrium. ;;

v

:finaliy. th; nogeT is easily amended to deal with‘thé case whefe
Auntertaiuty stems soleTy from stochastic variations in ?oreign techno-
logy4 The equ{}ibriun solution of the model reduces, in this case, to
- the solution of the fol]ouing system of four equatﬁons in the four un-

knoms: Ky yps im' St st -

- .. ¢ t

7y X
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The solution for Kt+1 and s, from equations (17')-(20') can be used in

~ equations (21) and (22) to solve for aggregate domestic net investment
. , ,: . )

~ and saving. *

3. SIMULATION RESULTS ‘ '

Tables 2-4 (5-7) (Appendix 1) report tﬁe results\from simulating
. B the model in thé.qpsE whete uncertainty stems sole1y'fron-stochastic
. ,Jyarigtions‘in_gomésiic (foreign) technology. In particular, Tableg 2,
Jand 4 (5, 6 and 7) dea], respectively, ;ith the-cases where the dames -
- : tic (forelgn) technology process exhibits positivd, negative and Zero

autocqrrelation._ Each. table, 1ists" the parameter values‘b§ed in the

[
- »

. . .
. M .
.
.9 ~ - .~ . . -
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simulations; tbé 1east-sqﬁares estimate of the simulated technology

process in question; and the results of the regressions and correlations
| between the simu1aied domestic savings (S) and investment (I) rates.g

For .the latter regressions, ma;{mum 1ikelihood estimateg'(corrected for

serial correlation) are reported in addition to 1east-sqﬁaré estimates

. in the event of evidence of serial correlation of the error term.
~

Each simulation experiment was conducted as. follows: The indicated
parameter va{ues on the probability distribution of 8 (8*) were used to
generate one-thousand time series values for & (8*). The resulting &
{e*) time series, together with the indicated parameter values of the;
modeI10 were then used in equations (17)-(22)[(17')-(20'), (21)-(22}]
to obtain a dynamic solution for 5 and I—-o;e-thousand time serie; :
values for each., The solution féchniiak used is a variant of Newton's
jterative nethoq for solving nonlinear simultaneous mode1s.]], The
deterministic steady state.solution of the model was used to provide
initial !Elues for the domesti{fanq foreign capital stocks.

‘e
.First, we examine the results from simulating the mode! in the cases

where uncertainty stems from stochastic variatioqs in domestjc_téfhno- ‘
logy. As is indicated in Table 2, the case where é follows a positively-
autocorrelated stochastic process is chéracteri;ed by-a significaﬁtly
positive Felationship between S and I rate dynamics. In this case: the
. maximum-11kelihood coefftc{ent éstiuat; gf the S-1 rate relationship is
0.69 and it }s—significa;tly diffe;ent from zero; the simple correlation

Lo . e
. coefficient between S and 1 rates:- is 0.97. Table 3 shows that the case

where © f&?was a negltt»eTy-ihtocorrelaged stochastic process is = IR

]2 -

s
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characterized by a siénificantly negative rélationship betwee; S and 1
\rate dynamicg. In this case: the maximum-likelihood coefficient esti-
mate of the S-1 rate relationship is -0.62 and it is significantly
differéﬁt from zero; the simple correlation coefficient between-S and

[ rates\is -0.98. Finally, Table 4 shows that the case of & serially
uncorrelated 6 process is é@aracterized by a significantly positive
relétionship betﬁeen S and [ rate dynamics. In this case: the maximum-

likelihood coefficient estimate of the S-I rate relationship is 0.15 and

it is significangply different from zero; the simple correlation coeffi-

cient between S and I rates is 0.95.

The aforementioned findings are qualitatively what one expects.of
the relationship between S ‘and I dynamics stemming from stochastic
variatidns in 8. A change in 6 instantaneously dgives S and'I in the
same direction when this thgﬁge is expected to persist for sdme time.'
and a change\in 8 instantaneously drives S and I in the opposite direc-
tion when this change js expected to be reversed next period. Further-
more, note that the induced change in I affetts the domestic capital

Y

. stock and, therefore, the domeﬁtic:yage'one perioé later. Since 5 and
wages are positingyvrelaied, cyclé? in leqd~t; simjlar cycles in $
with'a one-period lag. This technoiogy- induced lagged S and I-cycle
r;latiodship serves to reinforce the.afor;men;ioﬁgd\instantaneous posi-
tive~(qe§at1ve) covafiStion betweén S and-I in thefp&sitive1y: (nega-

> tively-) anaéq:re1ated @ cases. Tpése considénations aIsq‘suégest that -
thg qua1ftai1ve characteristics of the serially-uncorrelated 6 case Sre
theorgtically ambiguous’gﬁnce thi;ﬁpreSents an intermediate case to the - -

-

foregoing two?

L4
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Next, the following results were obtained from simdlating the model
in the cases where uncertainty s;ems from stochastic vériations in fora-
eign technology: As js—indicated in T-5le 5, the case where 8* follows

- positiver-autocorﬁelated stochastic process is characterized by a \
significantly positivwe relationship between S and [ dynamics. In this
case: the 1east7§quares estimate of the S-I] rat% rétetionship is 0.1
and it is significantly different from zero; thelsim;le correlation co-
efficient between S and I rates is 0.38. Table é %hows that the case
where 6* foliows a negatively-autocorrelated sto hQ$tic process .is
characterized by a significantly negative relati nsﬁip between S and I
Mte dynamics. In this case: the maximum-tikelihood estimate of the
S-1 rate relattonshwp 1?'-0 14 and it is signjficantly different from.
zero; the simple.correlat1on coefficient between S and I rates is -0.71.
Finally. Table 7 shows that the case of a serially uncorrelated 6* pro-
cess is characterized by a significantly negative relationship between
S and I-rate dynami¢s.- In this case: the least-squares coefficient
‘9stimate of the S-1 rate relationship is -0.08 and it is significantly
diffe;ent from zero; the simple correlation coefficient bélweqn Sand |

rates is -0.30. . : -

The above find{ngs are also qualitagjvely what one expects of the

'rg1ati6nsﬁip between S and I dynamics stemming from stochastic variations

] in 6%, A change in 6* has no effect on the instantaneous covariation 7

between S and I but the lagged S and'l-cycle relat\onship, explained :// '

above. operates to create “some positive (negative) covariation betwee

S and I in the positively- (negatively-) autocorrelated 8* cases. y e

’ » r



absence of an instantaneous-covariation effect implies a weaker relation-
s;ib between S and [ dynamics obtains in the case of autocorrelated-o*
processes when compared to those obtaimMmg—In the corresponding auto-
correlated-8 cases. The qualitative characteristics of the seri;11y-
uncorrelated 8* case are theoretically ambiguous since this represenﬁs

an intermediate case to the positively- and negatively-autocorrelated

cases. ‘ .

The results fog the Positive?y-autocorrelated 3 and 8* cases are
especially of interest in view of the documented evidence og signifi-
cantly-positive S and [ relaiionships, referred to above, as well as
evidence suggesting that technology variables exhibit high persistence
(see, e.g., Prescott (1986)). It is not, of course, to.be claimed that
the simulation results for the artificial economies studied, and summa-
rized in Tables 2 and 5, therefore, offer an exg1anation of real world
S and [ behaviour. Clearly, estimation‘and econometric testing of the
model using actual. data §0u1d be ‘necessary before deciding on the model's
explanatory power.. The results are, however, suggestive that persistent
innovations in domestic. and foreign tgchnblogy at least play a partial
role in explaining the high S and I cov;fiations whiéh have been ob-
served to occur empirically ?nd that fhese latter high covariations do

not necessarily indicate international capital immobility.
. , ,

4

4. CONCLUSION ' .

" -
L4

This pqper deveiopeé~a stochastic intertemporal GE model of S and

I in a small open economy, under conditions of perfect international



capital mobility, and examined, using simulation techniques, the predic-

tions of the model for the dynamics of S and ! behaviour in response to

L ]

domestic technological disturbances.

A

Some key features of the analytical framework and suggestions* for

further research are:

(1) It was shown that an overlapping generations structure with two-

period lived agents permitted a tractable solution to an open economy

model with stochastic, endogenous rates of return to investment.

An interesting topic for future research would be to examine whether

there are conditions under which the infinitely-lived representative

agent fnamework would have-a unique stationary competitive equili-
brium solution in an.oﬁgﬁ-economy set-up with sfSchastic, endo-
genous returns to investment--as has been shown for c]gséd economies
(see Lucas and Prescott (1971)). SueH a framework would be useful
not onTy in addressing current account issues but also in analyzing

international business cycle behaviour.

-

(2) An interesting feature arises from the stochastic nature of the

°  model. While the focus of the analysis is on S and I behaviour in

< a SOE,.it is shown that uncertainty and risk aversion on‘ part

s of agents prevents the 1nternation?l)e&uaIization of real returns

;o investment, even under perfect internatignal capital mobility.

Th; foreign country-decisiop problem mugt therefore also be modelled. '
This feature marks a.fundamenta1 difference between a stochastic

and deterministic framework for analyzing S and I in a SOE- In

particular, in identifying common faégors which cause positive S

¢ -




and I covariation under conditions of perfect international capi-
tal mobility, it would seem important to conduct the analys™ in
an explicitly stochastic framework.

(3) {E was seen that the assumption of perfect international capital

-'

mobility, together with the assumption of identici1 coefficients

of relative risk aversion across domestic and foreign agents implies
an indeterminancy of the composition of agents' portfolios. An
interesting extension of the model would be to rg1ax the assumption
of identical relative risk aversion and develop and test the model's
predictions in respect of portfolio composition in this case. An
attractive feature of the OLG framework‘is the tractability of such

L

an extension.

With regard to the simulation results: The model was simulated for

six cases in which, alternatively, the domestic or foreign technology

variable exhibited positive, negative and zero autocorrelation. A

significantly positive relationship between S and [ dynamics characte-

rized the bositively-autocorrelated domestic and foreign technology cases

“and the serially-uncorrelated domestic technology case. A significantly-

negative relationship between S and' I dynamics characterized the
negatively-autocorrelated domestic and foreign technology cases and the
serially-uncorrelated foreign -technology case. The finding of a signi-
ficantl;i;ositive relationship befween S and I dynamics generated by
positive]y-autoco;reTated technology processes, is inferpreted as Séidg

suggestive that pérsistekt innovations. in technology play, at least, a

partial role in exp]fining the ﬁigh S and [ correlations whigch have .
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been observed to occur empirically. In particular, it suggests that
high S and | covariations are not necessarily indicative of intérnational .

capital immobility.

<
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_ CHAPTER 3 - NOTES

More precisely, these studies document a significantly positive
coefficient in"least-square regressions of investment rates against

'

"savings rates.

Sacbs (1981, 1983), on the other hands finds evidence of a strong
inverse cross-sectional relafionship--aéain for a range of QECD
countries--between the current-account and investment in apparent
contradiction of'the aforementioned findings. Penati and Dooley.
(1984) in an attempt to reconcile these findings suggests thaa

Sachs's results are sensitive to outlier pr051ems.

Exceptions to this interpretation are: Frankel {1985), who inter-
prets his evidence as ind}cagive of weakly integrated goods rather
than financial markets; Obstfeld (1985) arques that explanations
other than that of cap\tal immobility are quite possible--such as
labour-force growth, country size effects, temporary productiiit;

shocks.

An interestiqg topic for future research would be to investigate
this issue further--i.,e., to examine whether therg are conditions
under which a two-;ountry modeé with infinitely-{ived representa-
tive agents in which uncertainty stems from shocks to technology
would have a unique stationary competitive equilibrium solution.
Such a model would constitute an open economy extension of the )
neoclassical ,growth paradigm used by Kydland and Prescott, amon
others (see e.g., Prescott (1986) and the references tharein), to

3
R



N

omitted from consideration here. : ,

study business cycle behaviour in a closed economy. The extended

model would be useful not only in examining current account be-

haviour, but also intergational business cycle behaviour.

~

Note it is not .entirely evident, though, that Persson's resul® re-

maia robust in a stochastic setting.

0f course, the fact that uncertainty and risk aversion on.the part

of agents prevents the international equalization of real returns
on bond investments has long been recognized irr the literature
dealing with foreign exchange market risk (see Obstfeld (1985) for
a review of This literature). Given this, ‘it is no surprise to
find that real returns on real investments are not equalized under
conditians of uncertainty and risk aversion. The peint is worth

emphasizing here however, since no study (at least to the author's

_knowledge) models S and I behav1our in a stochast1c SOE model and,

as mentioned in the text, the implicatioh is that the foreign
-
country decision problem must also be modelled. .

)

A version of the model incorporating domestic and foreign govern-
. . .
ment bonds was also developed: It can be shown that the inclusion .

of such bonds is of interest only if one is concerned in addressing

crowding-out issues. This versibn of the model {s accordingly

- . '
.

Recall that domest1c and foreign agents are assumed tob have loga-

rithmic utmty functions T

-
N

. ' : } ,
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S A

The- regressions and correlations deal with S and 1 rates rather
than § and I levels since the empirical evidence referred to ip

the introduction pertains to rates. The S and-] rates are defined

’

by St/Yt and It/Yt, respéctively, and note Y, is also generated by

t
the gimulation of the model using the equation:

(1-‘3)
Y = & .
8 K. N

TMeter values for the probabilities describing the distri"_

bution 6F § (5*) argchosen to capture persiségnce or non-

~—

persistence in the disturbances. The parameter values for 81. 32

and 8* (e;, 83> 9) are arbitrarily chosen for fllustrative purposes.

The parameter values for N and N* are chosen to capture the assumed
smallness of the domestic economy in relation to fhe:foreign eco-
nomy. The parameter values\fgr a and a* equal capital's share of
output'in the U.S. economy over the poétwar-pe}iod. Finally, the
parameter values for 8 and 8* equal the Kydland and Prescott {1986)

estimate of this coefficient (interpreted as a per-year coeffi-

cient) for the U.S. econgmy over the postwar period.

mcre specifically, the solution technique is-the\ZSPOH subroutine
from the IMSL package. The solution values for the domestic and
foreign capital stocks each period are used to feed the lags on

. &
these variables, indicated in equations (17) and (18), used in

“~ . .

next period's solution--hence, I refec to the sn]u;ion as dynamic.

The steady.ﬁtate §0]J§ipn was also used to provide starting gquesses

for the 1terative'§olution in ‘€ach period.

-
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Appendix 1

Table T1: Nogation

-

w,(w*):

t 't

kt+1(k;+1):

1

t+1(kt+1)'

digyr f
{005 (0)]:

61, 92:

or, 5: '
.

Fien (Fin):

€onsumption when young at tlme t by the domestic
(foreign) agent.

Consumption when ol1d at time t+]1 in state i by the .
domestic {foreign) agent.

Wage payment received when young at time t by the
domestic (foreign) agent. ,
Desired holdings of domestic (fareign) capital at the
beginning of time t+1 by the domestic agent young at
time t. .

» ' .
Desired holdings of domestic' (foreign) capital at the
beginning of time t+1 by the foreign agent young at
time t.

Number of loans made by the young domestic (foreign)
agent at time t, each 'of which guarantee the delivery
of one real unit in time t+1 if state i occurs.

Price at time t in terms of time-t goods of a consump-

.tion loan whose payoff occurs in state i.

Aggregate domestic (foreign) capjtal stock-at the
beginning‘f time t+l. # )

Domestic (foreign) technology parimeter in the case
where uncertainty stems from stochkastic vartations .in
domestic technology. The former is time-varying de- » -
pending on realizations of 8, (i 51, 2). -

—

Foreign (domestic) technology parameter in the case
where ungertainty stems from stochastic variations in
foreign technology: The former is ttme varying de-
pending on realizations of oy (i =1, 2). .

Comestic technology Parameter in state i, i =1, 2.
Foreign technology pg}ameter in state i, 1 =1, 2. -

Net real rate of return from investment in domestic
(foreign)_ production between time t and time t+l in the
case where uncertainty stems from stochastic variations
fn domestfic technology. The former depends on the state
of nature at time t+1, identified with the realiza;ion
of 6, (1 =1, 2) at time t+1.

87 N
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Table 1 (continued) .
. ‘L )
— - ——— a | 4
<’ .
stﬁs;)' Saving when young at time t by the domestic (forkign)
agent.
It: Aggregate net 1nvestment dur1ng +1me t i@ domestic
. production. ‘ . i
Sy Aggregate net saving during iﬁme t by the domestic noo
country. _ - '
Yt(Y;) Aggreg;;E domestic (foreign) output at time t.
B(B*) . Domestic (fqreign) agent's subjective rate of discount.

Probab111ty of state i OCCurrlng next period given
state j occurred this period (i,j = 1, 2), where states
are identified with reatizations of Q‘ (i =1, 2).

f:.: Probab111ty of state 1 occurring next period given
J state j occurred this period (i,i = 1,72), where states®
are.identified with realizations of GH (i =1, 2).
ala*):. Bomestic (foreign) capital share of dombstic (‘Prgign) .
output.
N(N*): - Size of domestic {foreign) population. - ' .
\ ! ~ )
= ¥
L ¢ 1
> , S
» . ‘
‘f ! -
) ;
- <
i ’ ™~ ’
'S t' ’ .
‘ .
- -]
v ' -
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» ) o
"‘ L]
. -
. - - ! .



4

2

-~

'\ -~
= “
= e CHAPTER I
FORECASTING THE EXCHANGE RATE: A MONETARY
/
’ y OR RANDOM WALK PHENOMENON? N~ . .
This paper evaluates the forecasting accuracy of monetary and random

&
walk models of the exchange rate. Instrumental-variable estimates of
-+ ..the 'simple' monetary model are not supported by the data, while the

fuT1-information-maximum-jikelihood estimates of its rational-

expectations counterpart ave. The latter is found to forecast as well -
as the random walk model. The ragiona1-ex§ectations monetary model is
operationalized using the resq1ts of Hansen and Sargent {198G) and )
Flavin (1981) and Box-Jenkins time series techniques. Monthly data on
the US and UK economies over the recenf flexible exchanée rate~period
sergé’as the case study.

The purpose of this paper is to undertake an empirical investigat
tion of our ability to forecasi the exchange r;Ee. More precisely, the
paper seeks to address the question as to whether future values of thé
exchange rate can be predicted more accurately on the basis of é monetary

model of exchange rate determination or on that of a random walk model.

" The motivation for the paper derives from two recent contributions

. to the literature: one, Meese and Rogoff (1983), analyzed the compara--
_tive forecasting accuracy of alternative time-series models and the

following structural 'models of the exchange rate: the simple flexible-

’price and sticky-price monetary models and a sticky-price model which.
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Table 2:

<9

The Case of a Positively Autocorrelated Domestic Technology

4 Process :

Parameter Values:

a = a* = 0.36 2= 3*=0.96 .
N = 100 N* = 5,000

3y = 15 2= 5§ ar = 10

Flo=f =075 ¢

11 22 "
Least-Squares Estimate of the Domestic Technology Process:
8. =4.97 +0.50 3% .

to16.30) (1810t
R? = 0.25 { SSR = 18.789.65 W = 2.06
Estimates of the Domestic S-1 Relationship:

(1) Least Squares: ___
1,7 S
73 = 0.01 + 0.76 73 N

t (3.84) (116.89) 't
R% = 0.93 SSR = 1.8616 OW = 2.62

(11) Maximum Likelihood(Correcting for Autocorrelation): -
I S
73 = 0.002 +  0.69 <

t (3.44) (126.68) 't
RZ - 0.94 SSR = 1.5025 OW = 2.01
¢, = -0.60 (18.70) 6, = -0.28 (7.59) by = -0.12 (3.35)

. 94 = -0.05 (1.57)
Correlation Between [ /Y, and S, /¥,: 0.97
—
Notes: (1) t-values are reported in parentheses . .>
(2) Rz denotes the coefficient of determination

-

(3)

SSR denotes the sum-of-squared residuals )

OW denotes the Durbin-Watson statistic ’
¢; denotes the autocorrelation coefficient of order i

The number of observations used is one thousand



-~

N\

20
Table 3: The Case of a Negatively Autocorrelated Domestic Technology
T Process 4 .
Parameter Values:
a=a*=0.36 8 = 8* = 0.96
N =100 N* = 5,000
8y = 15 - &, = 5 ar = 10'
Fig = fap 20-25 - - ' —_
\/'L;;Eb\ng;res Estimate of the Domestic Technology Process:
6. = 145 -  0.47 @
t (47:$XQ (16.88) ¢! 1
RS = 0.22 SSR = 19,422.39 . DN = 1.95
Estimates Ef the Domedtic S-1 Relationship:
: ‘\~--—'“ﬁ\ -~
(1) Least Squares™
I S
F=00 - 06 :
ot (3.52) (170.21) "t \‘.‘
R? = 0.97 SSR = 3.1893 DW = 2.48
(11) Maximum Likelihood (Correcting_for_Autocorrelation)
I - . S
=001 - 062 ot
t (7.83) (170.91) 't
R? = 0.97 SSR = 2.7079 W = 2.0
¢, = -0.31 (9.48) ¢, = -0.33 (9.98) 95 = -0.04 (1.14) o, = -0.16 (4.49)
¢g = -0.05 (1.38) ¢, = -0.13 (3.60) ¢, = -0.04 (1.31) og = ~0.07 (2.25)
Corre]atjon Between I,/¥Y, and S, /Y,: -0.98
LA
Notes: (1) t=values are repqrted in parentheses
(2) R denotes the coefficient of determination

SSR denotes the sum-of-squared residuals

DW denotes the Durbin-Watson statistic

¢i denotes the autocorrelation coefficient of order i’ .

(3) The number of observations used is one thousand
C 4




v

91

~

Table 4: The Case of a Serially Uncorrelated Domestic Technology T
Process ' :

™ -

Parameter Values:

a = a*=0.36 8 = 8% = 0.96

N = 100 N* = 5,000 )

g1 = 15 3, = 5 3* =10
Flp = f2 = 0.5

Least-Squares Estimate of the Domestic Technology Process: -

3

. 9.76 + 0.003 8 _
(28.06) (0.102)

R2

v

1

0.00 SSR = 24,932.67 Ow = 2.0

Estimates of fhe Domestic S-1 Relationship:

(1) Least Squares:
1 s, - D
== -0.0047+ 0.16 = :

(8.21)  (95.30) 't

o ]

R" = 0.90 SSR = 0.25 W =.1.79

1 S )
75 = -0.01 +  0.15 73- -

t {(17.57) (133.53) 't
R% = 0.95 SSR = 0.196 : OW = 2.02
6, = 0.23(7.25) 5, = -0.56(16.93) 65 = 0.10(2.71) . -
65 = -0.26(7.09) 3g = -0.001(0.04) 8 * -0.11(3.55)
Correlation Betwegn Itiit and StLit: 0.95 - ‘ v

Notes: (1; t-values are reported in parentheses
(2 denotes the coefficiem®d® determination
SSR denotes the sum-of-squared residuals
DW denotes “the Durbin-Watson statistic
¢ denotes the autocorreiation coefficient of order i
(3) The number of observatigns used is one. thousand

L}
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Table 5:. The Case of a Positively Autocorre1ated Fore1gn Technoldgg
-Process
Parameter Values: -
a =a* = 0.36 8 = 8* =0.9
N=100 N* = 5,000 .
gr = 15 . 8% = § - 8 =10
1 2 .
Least-Squares Estimate of the Foreign Technology Process:
(same as that of the domestic technology process in Table 2}
e; = 4,97 + 0.50 e;_]
- (16.30) , (18.10) . .
R% = 0:25 g SSR = 18,789.65 N = 2.06 °
Least-Squares Estimate of the Domestic S-1I he]ationshig: -
I s, |
¢ =0.0002 + 0.11 ot -
t (1.28) (12.97). 't
. 8% £ 0.15 .. SSR =0.0234 DW = 1.69

Correlation Be tween 1,/Y, and S /Y, : 0.38-

£

t-values are reported in parentheses
(2) R2 denotes the coefficient of determination
SSR denotes the sum-of-squared residuals
DW tes the Durbin-Watson statistic
{(3) The number of observations used is one thousand

.
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Table 6: The Case of a Negatively Autocorrelated Foreign Technology
Process

-—
L]

w

Parameter Values:

a = a* = 0.36 - 8 = 8% = 0.96 _
N =100 N* = 5,000
g* = 15 ax = § | 3 = 1C
1 2
< - * -
f1] f22 0.25
Least-Squares Estimate of the Foreign Technology Process: -

(same as that of the domestic technology process in Table 3)

=14.75 - 0.47 or

Tt oa713) (16.88) b .
‘ -
RC = 0.22 SSR = 19.422.39 OW = 1.95 i
\

Estimates of the Domestic .S-1 Relationship:

(i) Least Squares:

b, S,

= 0004 - 021 b .

Y+ (3.09) (31.47) t )

RS = 0.50 SR = 1.2888 ° OW = 2.48°
hﬂﬁmmﬂ@@-@m@&ﬁdmwﬁﬁwl ‘

S

73 = 0.01 - 0.14 73

t (4.80) .(5.03) "t

R® = 0.22 | SSR = 1.1739 W = 2.22
¢y = -0.43 (4.98) \

Correlation Between ICZLt and Stiit: -0.7M

-

Notes: " (1 ) t values are. réportedfin parentheses
T (2) R? denctes the coefftcient of determination
SSR denotes the sum-of-squared residudls
OW denote: the Durbin-Watson statistic
¢y denotes the autocorrelation coefficient of order i
(3) The number of observations used is one thousand
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Table 7: The Case of a serially Un lated Foreign Technology Process

>

L

Parameter Values:

a =a*=0.36 8 = 8* = 0.96 -
N =.100 N* = 5,000 -
8¥ = 15 . . .8x =5 . . v8 =10
1 B h 2 - )
=i = 05 = Lo
Least-Squares Estimate of the Foreign Technology Procédss:
(same as that of the domestic technology process ih Table 4) .
62 = 9.76 +0.003 ef ‘ | |
(28.06) ' (0.102) ) .
R® =.0.00 _ . -SSR =24,932.67 pw = 2 f
vggpst-Squaréé Estimate of the Domestic S-1 ReTationship:
. 'I . S > . ' -
7 = 0.002 - 0.08 & : -
t (2.50) (9.73) t ‘ P
R = 0.09 . SSR = 0.3581 B S A LI
Correlation Between I /Y, and § /Y,: -0.30
A . ’ .
Notes: (1) t=values are reported in parenthesesf'
s (2) R2 denotes the -coefficient of determination.

R SSR denotes the sum-of-squared residuals

OW denotes the Durbin-Watson statistic , -
{3) The number of observatigjs uéed is one thousand
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