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- Introduction
The relation between economic growth and exchenge
rate system'is'an important‘issue,'but it has been

scarcely dlscussed 1n a fully dynamlc model (L) If a

developlng country, receiving suff1c1ent forelgn aid to

1ntervene in the forelgn exchange market has economlc growth

as the primary target, should the exchange rate be overvalued

or undervalued? What type of economy can successfully .

"talke off“ ana.maintain éteady:economic growth? ls_iflposéiblé
for.a country to gchiéve both‘gponomiq g?qwth éﬁé the
balaﬁcg-of—paymént.surplus?-Dé‘the ﬁluctuations of the .

domestic sector disﬁurb.the stability of the foreign exchange

market? These ere the main problems which we sre going to

discuss and give answers in this paper.

In Chapter I, we'present a 51mple one~country growth
model with the small country assumptlon. In the follow1ng
chapters, the policy discussion and deduction of stability-
condition are developed in terms of a suggested taxonOmy
of an economy. Chapter I1II, III, and IV deal w1th the fixed
exchange rate systen, tﬁé managed—-float exchange rate system,

and the flexible exchange rate systenm respectively.

Footnote

[l] See Appendix.



«
%

foreign currency and the current level of imports is
confined withinrthe currént earnings qf Toreign curréncy
through exports. On the other hend, if Sn=0 and O(SJ_(l,
the country can easily finance her necessary imports.LBJ
We assume 1>§,5>0 hencef&rth.

Our model is deduced to the following differential

equation; . ‘ ' ‘
Y= pr+ 86 [5@_;%%%‘ 22 exp(¥t)-x? exp’(@)] (8)

where f 5(1-0(+_§2)[9>O andy= )+ €.
The balance of payments(ﬁ) is defined as

Rz 22 _pay | S (9)

We shall ignore capital movement thfoughout this

‘paper.



Footnotes to Chapter I

(1) Export function (5) is deduced from

-a
p=a,vw(ES-) *

where Tw and Pw are world income and world price respectively.
Assuming that Yw Yw(O)exp(hit) and Pw-Pw(O)exp(hlt), we
dyFPel O
obtain equatlon (5) by writing G=d Yw(O) 55%6%) yb=d,,
and E§h1d1+(hlju~k)d2.
[2 The rate of change of terms of trade is ).minus the
rate of change of exchange rate.

Gﬂ In some countries where 1mport substitution has a great

effect on 1mports Slcan be negative.
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Chapter II / Fixed Exchange Rate System
Section 1 / Conditions for Sustained Growth

From a long-run point of viéw, the maintenance of
sustained growth is a key issue. Ve give the.following
definitions. | |
Def1n1t10n° Successful—Sustalned Growth (SSG) as

11m Y(t)}O a

tyeo

Definition: Successful Balance of anmen%s(SBP) as

1im R(%)>0

to~ .

S8G means that an economy can eventually "take off",

Let us conszder the conditions for SSG and SBP.

Under the fixed exchange rate system, the full solution

for Yand R based on the 1n1tlal value of capital stock (K(O))

becomes; ... " ) ) : o , ;}
YHﬁ[Aexp(S)t)+Bexp(€t)+])exp(h"b)] | - (1oj
R= expgpt)[§GPe(0)r - exp(ft)-?m(o)Slﬁ@exp(ft)+
_ | +B§@(ét)]] . (11)
where As¥(0)-B-D, B_};——g D= §,¢ i-%%(%% b—l/(h,_f,)’ -y
§=l—& iﬁ}? The perameters ¥ and P can be 1nterpreted as

the growth rate of forelgn currency earnlngs deflated by Pm
and the growth rate of domestic sector respectively.
According to the value of the different parameters,

we can classify economies into several types.[l]

“Definition: We cell an economy as "X type" iff X=max(X,Y,z),
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”and denote it by the symbol (E,Y,Z).
Hence our ecoriomies are basicallylciassified into thfee
categories;'b’type,)o type and £ type.
From (10) and (ll), the next fheorem follows.
Theorem 1 (Succeésful Growth) N ‘
(a) S86G océurs when (i) (g}P:Ej,or (ii)-(xbﬁ é)rénd A>0.

(b) SBP occurs when (l) (Kﬁudftﬁ 6~ﬁu)>0 and§>0 or

(11) (i, )0174 PEHR) >0 ‘and <0, o0 (222) (oepts papes g+/,()>o
Hence both SSG and SBP appear when (?ﬁy,ﬁtﬂ,@ﬁ#))O and
3)0._This might be the cases 6f'Japan and West Germany
in_fﬁe late 19608 and the eaxrly 1870s,
Secfion 2 / Immiseriéing Bxport Growth

An increase iﬁ exﬁorts‘has effects in two ways on futuré
GNP, While its direct effect on capital accumulation is
negative as mentioned in Chapter I, it incréases,impofts _ ~
throuéh its effect on the foreign currency earniﬁgs, and thus
stimulates capital accumulation. Thus the overall effect
ol the growth of export onlfuture GNP depends on fhe types
of economy.

Definition: Immiserizing Export Growth (IEG) as

9v(+)
fim == <o,

Theorem 2 (Immiserizing Export Growth)
IEG occurs if (i) (H}P,G) end r<r ; where

o= $1200) (—;,L‘_"% , or (ii) (B’,ﬁ,é).

—Em
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Proof: Differentiating (lO) with respect fo é, we have
QY 'tF Bexp(e't)+Dexp(b/‘b))+‘9( exp(f'ﬁ:)-i- € exp(&‘t)+
+9€ exp(¥+t)) '
| where -ﬁ W(r —r) l
Sec:'tlon 3 / Policy Bffects

Let us con51der the current and long—-'run effects of
the exchange rate dévéluation. Differentiating (11)nwith
respect to r, we can deduce the following theorem.

’J.‘heorem 3 (Marshall-—l:erner Condition and Long—mm Effect

of Currency Devaluation on The Balance of Paymen*bs)

(a) QR(O)

>0 iff b-1>0. _ -
() 1' a’R(J°)>o it (i) (af+/u PR e+)¢)>o and (b-1)§>o or .
(id) (B’-l»}k,)oz-fl.; E+/“)>O and ryry, where rm—cl(’;::).and

¢ = 52t ;;; 845 or (4d4) (r+f<,/o+/x,e+ju)>o.

Theorem 3 (a) corresponds to the Marshall-Lerner condition.(:?]

We assume this condition is satisfied hereafter.

Assumption I: The Marshall-Lerner condition is met. .

Namely b-1 "> 0.

Similarly, dlfferen"bn.a'b:l.ng (3_0) wn.th respect to r,
'bhe next theorem follows.
Theorem 4 (Tong-run Effect of Currency Devaluation on
GNP) | _
Under Assumpbtion I, lim%—f—_&?—)> 0 if (i) (s\",/’,é), or

‘e

(i) (K,ﬁ,é) and r{ry.
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taking a limit, we have

In the late 1950s and the early 1960s, eifhough
Japanese economy enjoyed high rate of growth, her beianee
of trade, on the whole, turned into red. In our model this
situation can be 1nterpreted as either (kﬁk fﬁﬂ Gﬁ#))O
and A0, ox (:r+/4 PP )>o and §<0. Hence Yen devaluation
in this period must have deterlorated eithexr Y or R in
the long run. In other werde, high economic_growtﬁ and the
balance—of-paymen#_surplus were in a trade hfﬁ.reiatien
es_far as ‘the exchange rate policy is conce?nee.

It is elso.intereeting +to note, considering from
Theorem 1 te Theorem 4, that in a country where'people
enjoy both S3& and SBP ~- Japan and West Germany in the late

1960s and theeerly 1970s seem to have represented thls case,

» currency appreciation will decrease both GNP and the

'balence—ofnpaymenﬁLsurplue in the long run.

Section 4 / Optimum-Fixed Exchange Rate
We define +the long~rﬁn policy target as the discounted
accurmulation of GNf.l | |
Definition: National Weelth‘as
V=1lim STY ( t)exp( —n‘t) dt
T Jo .

The parameter n is an adequate discount rate to secure the

existence of V. Integrating (10) with respect to time, and

k(0) Gx® Sexr®t Pe(o)]. |
7 [ (h-e)(n~f>+ (n-n(n-p Pal0) (12)

—8-
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Definition: Optimum-Fixed Exchange Rate (rv) as a fixed
exchange rate which maximizes V,
Theorem 5 (Optimum-Fixed Exchange Rate)

Under Assumption I, there exists Optimum-Fixed Exchange

Rate.
Proof: Differentiating (12j with respect té r, and setting
it equal to zZero, we have
n—§&
_ o™ cl( Y) .
If brl, T, is positive and gives a global maximum of V.|

It is worth noticing that T, is not necessarily associated

with the balance-of-payment deficit.

Section 5 / Bquilibrium-Fixed Exchange Rate

Definition: Future Foreign-Exchange Reserves as

T-
FElimS H(t)exp(—mt)dt
Tabe Yy

The . parameter m is an adequate discount. rate to secure.the
existence of F. Integfating (11) with reépect to time, and

taking a limit, we have
- }G»Pe(o)rb”l Pm(O)&F[ G-rb S[Gr b=l 5o(0)

Deflnltlon Equilibrium-Fixed Exchange Rate (r ) as

a fixed exchange rate Whlch gearantees R(O)HO and P= O'C3j

Theorem 6 (Equilibrium-Fixed Exchange Rate)

There ex1sts BEgquilibrium-Fixed Dxchange Rate 1ff¥<fcn?§<0

Proof: From R(O)_O we have

Ko)- Sefntgl ) . (14)

-9-
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Substituting (14) into (13) and setting F=O, we obtain

= SEate) -G I, 9
x>0 iff ¥Lpor ¥<0. -

I%¥ must be noted that r, is not necessarily undervalued

than rH; In some economies, if a country aims to maximize

V, the exchange rate must be overvalued thaﬁ tﬁe Bquilibrium-
Fixed E#change Raie.E4JAlso it is interesting‘to n&te that
T does'not exist in a country where people;?njoy both SSG
and SBP. Hence the fixed exchange rate systeﬁ was not suitable h
+to achieve the_balance—of—payment equilibfiﬁm in Jgpan

as well as in West Germany in the late 1960s and the early

197OS.E53

~10-
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Footnotes to Chapter IT - . -
(1] The taxonémy presented here is uéed only in fhis-chapter.
Another taﬁonomy will be offered_ih:the folleowing chapters.
iaxonomy of economies and the results obtained in this
chaptér are‘summarized’in Table 1.

(2]pifferentiating R(0) with respect o r, and evaluating

- at the equilibrium, we obtain

ar(0) Pe(0)E(0) = 9m(0) =x» gm(0)
ar rz E(0) 2 ~ ™M(0) 3r

| :E%Eﬁ-) [b— S.(b—l)-lj .

=30

(3] The condition ﬁ(o):o is nécessary to obtain unique

solution. By this condition, we implicitly assumed the initial

Pe(0) b-1{1-&
Pm(0) OTH (s.szg)'

This is possible either by raising foreign loans and importing

adjustment of K(O) such that K(O)=a
foreign capital or by laying idle the excess capital..

[4) see Theorem 9.

[5} C£. Theorem 12.

-11-



Table 1

" Farameters

A 3‘ =Ty }*—_Y‘I

+|

xY
v .
o .

+ .

|1+

l
_l

||
|
=1 |
XXX XXX |O]O|O]|O|0]|O|wwew
OO0 O 0O X XXX IX|O|~vwa
- .
!

e |l E

Key:(; Satisfaction, X ; Not satisfied.

As for SBP, bothO and Xinclude the case lim R(+)=0.
’ Lo

-12-

o|x|o|o|o|ololololofo]|x
olOJo|x|olx[o[x[ox XX [=~mn




Chapter IIT / Managed-Float Exchange Rate System
Sectlon 1 / Equlllbrlum Exchange Rate
We shall céll an exchange rate Which'changes by the
identical rate with the market-clearing exchange rate as
Managed—Float Exchange Rate.Elj
. To begin with, we define Equilibrium Exchange Rate
and will study it in this‘sectidn.

Deflnltlon. Equilibrium Exchange Rate (re) as an exchange

rate which secures R(t) =0 for =211 *,

Settlng R(t):O in equation (9), and solving it for.Y(t),

we have
¥(+)= (1313)3’—952)1 orPLexp(rt). | (16)
We assume re to be en exponential form end write
re(t)=C exp (kt). - (17)
Slncelre(t) must satisfy both (8) and (16), we obtain
=35 i‘f}(g) (182)
k=N ' ' o (iSb)
where Y=l %E% (18e)
and Ye(b-1)A+¥ =bas €. _ . (18a)
Hence from (16),(17) and (18), we obtain
¥(t,re(t))= (l”f')l.?eg%) 60, ® Lexp(¥*t) (29)
and  ze(8)=52210) Gexp(re).  (20)

By aessuming an exbonential form, we implicitly'presupposed

the initial adjustment of X(0) such that

~13-
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x(0)= S,(:SLESQ)EEEQ% G02 .[2] ) L (21)

We will show in Chapter IV that ever though this initial
condition does not hold, Equlllbrlum Exchange Rate coincides
with re(t) in eguation (20) for sufflclently large +. We
shall assume that the initisl oondition (21) is met when we
talk about re(t) henceforth.

U%in equation (18a) can be interpreted as the rate of
growth of foreign-ourrency earnings deflatea by Pm under
the managed float exchange rate regime. Slmllarly‘ﬂ can be
regarded a5 the rate of growth of domestic sector as mentloned
1n Chapter II. Ve redeflne the types of eeonomy as follows. .
Definition: We call an economy as Outward—Biased-Growth .
type (0BG type) when f4———§iﬁ> X*>/O;

{= 3
Definition: We call an economy as Inward-Biased-Growth

%ype (IBG type) when Y*<19.E33
The following theorem.holds;
Theorem 7 (Eguilibrium Bxchange Rate)
Bquilibrium Exchanée Rete.(re) exists if a country is
one of'the two types; OBG or IBG°[4j | | '
Section 2 / Optimum Maneged~Float Exchange ﬁa$e
Definition: Optimum Managed~Float Exchange Rate (rdj as
Managed;Float BExchange Rate which maximizes
Y(T)ES{F'é'(t)dt
VO

subject to equation (8).

-14-
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Define the Hamiltonian (H) as

_Y(t)- -HDY('!:)+PG$&E%'Q) (t) exp(f’c)-

() expcet)}]  (22)

H

Solving the necessary condition, we have

: b-1\ Pel O :
()= 6,532 exn (i) SO (23)
It is easily verified that rd(t) 2lso maximizes A
D . .
v(m)sS Y(“b)exp(-—-n't)d't.tsj
0 .
Theorem 8 (Optimum Managed-Float Exchange Rate)
Under Assumption I, there exists Optimum Managed-Float
Exchange Rate.
It is intuitively clear that rd(+) is the most efficient
exchange iate for the growth target.

Substltutlng (23) into (8), end 1ntegrat1ng,'

'we have..

Y(t rd(’b) P[Aexp()ﬂt)ﬂaexp(b'x't)] ‘ . (24)
siec*lre(0) and C. =g )Pe(o

where A=K( —-B B=
rewe Rex(o) 5@ 5)2m(0) CoF

Similarly, eubstituting (23) end (24) in-bo (9), we ob“baiﬁ
- bl ;
R(+,%3())= exp(t) EGcl o)}*exp(zr

-SzﬁAPm(O)exp(ft)] ' (25) .
S182 8 . !
&%= -

Section 3 / Biased Bvalusation Theorem

Mmme§%5!~&

We classify OBG type economy further into Strong—
0BG type and Weak-0BG type.

15
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Definition: We call an economy as S"crong—-OBG type (SOBG

-!:ype) when /)+—.—E*3| > ¥ >}0+( YRR

Definition: We call an economy as Weak—OBG type (WOBG type)
$182 X

n 4 S182f >

when P (l~8[)l;)>}r f)

With these definitions, we have the following theorem.

Theorem 9 (Biased Evaluation Theorem)
In WOBG and IBG (in SOBG) economies, if economic growth

is the primary tareget, 'I:he exchange rate must be overvalued

(undex“valued) than Equ:.l:.br:.um Exchange Rate.

Proof. re(t)> rd('t) = z%l_'&_—-—-—__—) >f’ '\'%l:g_lg%‘ |

‘l‘hls 'tneorem su_ppor'ts the evidences of overvalua'ba.on 1n

some IBG economles.[.?; ‘ _
FProm (19),(24) azld(25), the next theorem follows.
Theorem 10 (Successful Gr-owth) |
(a) T rda(t) is adop'b.ed, the ecoz:f.omy_enj_oys S5G.
(b) If re(£)>0 is adopted amnd if Y¥*P0, then the economy
enjoys B88G. o
(e¢) In soOBG (in WOBG and IBG) econo}nies, if -a country
ad:opts rd(t), she. will enjoy (suffer from) perpetual balance—

of-payment surplus and SBP (def::.c:r.'t:)

Proof: From (21) and (25), we have )

sign R(t,7a(+))=sign [(BL) _—5_, 1 exP(X*tj-—exp(ﬁt)>
' ()@:_)o)[bb l] e:scpg(f)t)]
Therefore R(+t,rd(t)) 20 =i zZpt (ll ;i [8]

16—
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. Theorem 10 suggests that if a country is SOBG type, she

can realize bofh growth target and pérpetual balance-of-
peayment surﬁlus simultaneously by adopting rd(t). On the
other hand, IBG and WOBG countries will offen éonfront
with severe foreign-exchange shortage when %hey try to
éttaiﬁ growth targét by overvaiuatién.
Section 4 /VImmiserizing Export Growth
Let us define Duai—Structure Exchange Raig_as'.
ru(+)= SZSH exp(nt). - | (26)
Then, using ru(t), we can write Managed-Float Exchange‘
Rate:as |

r(t;x)Eeru(t)=S,x-%ﬁ%%%expC\ﬁ), x>0. (27)

Substituting (27) into (8), and integrating, we have

T(£,(+5%)) =g [Foxn(p) +Bexn ()] (28)
Pe(0) b xb-l(l—x)

mm(0) ) ¥*—-p

When ru(t) is adopted, GNP grows at the ratef), and the

where A=K(0)-F  and EEG(&

foreign trade (Egg)grows at the rateh?{ Moreover the growth

rate of GNP is totally independent of the extermal growth

rates; A\, Eandxaf This is why we named ru(t) Dual -Structure

Exchahge Rate.
From {28),

av(+,r(t;x))
3 € ‘

From (29), follows the next theorem,

1 1 '
FB&%—E)EXP(Y*t)-I-XT_fexP(ft)]- (29)

-17-



Theorem 11 (Immiserizing Expoxrt Growthj
IEG occurs iff the exchange rate is undervalued than
Dual-Structure Exchange Rate.
Proof: r(‘t: x)>m(‘t)—"‘x> lmﬁg.igagét)go B
Theorem 11 suggests that an expznsion of exporits does
decelerate economic growth in the long ¥un, if r(t;x)
is held higher than ru(t).tgj
Section 5 / Susteined Growth apd Policy EBffects
' Using the initial condition (21), equation (éa)
can be rewritten as |
Ct(t,x(t5x))= Fe[ﬁ‘exp(})t)éexp(zr*t)] | (30)
where A-‘—‘G- (S Pe(O)) (———%[qul(l CJ.) b1 l-x)]
Similarly,substituting (27) and (30) into (9), wé have
B, r(t;x))=N[x" l(x‘w)(exp(f t)‘exp(Pt))
P (EE )exp(ﬁt)] (31)
where N—exp(}kt)(gP—eEg)-)me(O)S FG—. i |

From (30) and (31), follows the next theorem.

Theorem 12 (Successful Growth) . -
(sSe)(a) The OBG countries enjoy SSG if they hold the
exchange rate below ru{t).

(b) The IBG countries enjoy S8G¢ if the;sr. Iteep the
exchange rate beléw re(t).

(SBP) Both OBG countries and IBG countries enjoy {suffer

from) the balance-of-payment surplus (deficit)

-18-
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i1ff the exchange rate is undervalued (ovérvalued) than

re('t) .
Proof: (SBP) r(+;x) % re(t)e— x2 q @I’{(‘t,r(t;x) )ZO[ILO]!

Theorem 12 does not mean that the devaluation always

improves the balance of payments. As for the effects of

currency devaluation, we have the following theorem.

Theorem 13 (Effects of Currency Devaluation)

(%) > fpp <Ol
(a) =5 20 for all ¢ N A |
(b) In 0BG countries, g__:r;ga?i )2 0 if xz.b_;l?i.

| . . aR(%) bl

In IBG countries, lim—-—" 20 if xZ—7T— .

- _
Proolf: ( a) ‘a—.ay:(—c:t_) =§G(&_§_(z(%%_) xb“Q(b—-l--bx) (em(a’;r)‘r;xp(ff)) ( 32)
(b)gi(ct)“ a’*r-q-p LP-2 [( bx-(b~})’é’) exp(¥*+t)+(b~1-bx) exp(ft):[ (33)

These resulits are derived without assuming (21). Note that

K(O)in equation (21) is indepencien't: of x. Hence this theorem
does not depend on the ini'tial-condition.{lljl
Theorem 12 suggests that both SSG énd SBP are
concurrent in the OBG doun‘tries,if the exchange rate is
held such that ru(t)>r(t;x)yre(t). Moreover, re(t) does

exist in these countries in contrast with the fixed exchange

ra‘te. regime. [12)

-19-



~ Footnotes to Chapter IIX
(1) Managed-Float Exchange Rate does not diverge infinitely
from the mérkét clearingllevel.
' [2) see footnote (3] to Chapter IT. Given the initial
condition K(O), the exchange rate whi;h makeé ﬁ(Q)=O

(denoted by rf) becomes 1

5. Pm(0)8E(0))°"t
ri= [cl—s,)re(o) G ] y

[3) The distinction between 0BG and IBG type depends on

the long-run ieading sector of the economy. The similar
ideas are proposed in Balassa[ZJ,'Fukﬁchirana Imagawa[qj ,
and Kaldoz'tgj . Also Tubits sz suggests consumption-

led growfh and eipo?t—léd growth. | |

{4) In the case when re(t) is adopted, E and Y expand at

+the same rate and that

E('t,rE('}J)) SISI'\I
Y(t,re())"T-82"

[5) Since H is a concave function of the state variable

Y(t), rd(t).satisfies the sufficient con&ition as well,
.[6) In this case the Hamilfonian becomes |
E=Y(£)+ 7 (%) [fY(t)+ e (S,iﬁ%r(t}b“lgxp(ﬁ)
-r(t)bexp(ét))]. :
wherey(t) is a Lagrange multiplier or a costate variablé.
The sufficient §ondition is met here, too.

[7] See, for example, Balassa [ZJ yPP39.

-20-
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(8] By assuming ‘that the initial condition (21) holds,

we also presuppose E)O and that re(t)}O; because, otﬁerwise,
x(o)<o. Thégrgm 10 (¢) and'Theorem 12 heavily dépend on
this condition. “ | | |

[9) Note that when ru(t) is adopted,

oY(t)  av(s) av(+) ’
5o = Sy = gr?_o for all +%.

{10} When the initial condition (21) does not hold, R(t)

becomes

ﬁ(t):axpgut)fﬁ(o)[u(l— 1~f)exp(¥*t)f
| +{ (l—x) &FK(O)}exp(Pt)]

| where UEG( |%%%)bxb -1 (%) ’

When a country is neither 0BG nor IBG type, we use thls
equation and (28) to obtain the condltlons for SSG and

SBF. See TMable 2.

[ll] The following figure shows the graph of equation (31).

-]~ ’ . ‘
X stands for-b—lq in the case of 0BG countries and represents

b
b-1 . .
—5 - in the case of IBG economies.

[12] The results obtained in this chapter afe summarized
in Table 2.

Lim R(’b
)\

A\
R

hadl

SRR YT
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Table 2

Types of

Econo nx)}

The level of rCos0

Cl }“re‘n.’cl\/ ‘emﬂoye& .

| Fékeygﬁhct

Tx@®

kx(w)

Tl .

——

?¥§f+ | :
Lanp | LY —
S B u
vl —
b1 -
I >xX>5—. —

NW oSO mou| .

o | R | |

N

4y o

OO |X{O |00 |0[|C|O|O|X|O|Q|Xjrvew

B Y

-
57 %

O

I XX [ X[O| X |X|X|O|X|O|0|O|O|0O|Oj=ww

O|0|0|0|0 000|000 O X| X XH' %.
XIX|O|O| XX )i’X_><j)i”Xf(3 XX O jemH

Key:(); Satisfaction, X ; Not satisfied.
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Chapter IV / Flexible Exchange Rate System

We call an exchange rate wvhich is totally entrusted
to:market mechanism as flexible gxchangé rate, 'and fix
the rule as T30 if RS 0. Thus we have two differen.tial
equations; one that shows the growth of GNP and thelother
which indicates “the adjustment mechanism of the foreign
exchaﬁge market with a certain adjustment speed. In this
chapter we will examine the stability copditipns'of the
system.

The equation (8) can be _:t:"ewrit‘ten as

F=(p-7¥)7+a" H(2-a) o (34)

‘where ¥y and g are defined as follows.

rer

fyseg(&%ﬁgg)ﬁ
a= rexgg—kf (36)
3 Pm%o) . ‘

In order to remove the exﬁoneptial trend, Y and r ére
devided by exp(X%t) and exp(%i) respectively. Recall
that A is the growth rate of Equilibrium Exchange Rate,
re(tj, and that ¥¥is the g#owth rate of the corresponding

GNP,Y(t,re('t)).[l]Thus if%}O, GNP grows faster +than

its equilibrium growth rate (r*); and if g £0, GNP grows
slower than Y. In order to exclude the possibility that

vy<£0, i.e. Y0, we assume the following.
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”Assumptlon IT: y>0 if y=0, and y_O otherwise.
Undex Assumption TI, equation (34) must be reformulafed
as | . :
$= [(P ¥ yra® (1-q) 0] if y=0 (37)
{p a’*).wq tima) if y£O .

We suppose that the rate of change of exchange rate

‘ds proportional to the relative size of the excess demand

for foreign currency. Sincefkﬂﬂis the equilibrium growth

rate of foreign t?adefgiE) ;

R exp(—gM+V*)t) shows the
relative size of the excess demand for foreign cur?ecy.
Therefore we write , o _

s R emn(~(uav®e) | © (=8)
where h.';'é ig the speed of adj&stment assumed té be constant.
Defining'a and A as |

'é’—h*Pm(o)SFG]:SPe(O) >0
and K“-l:1§L>O,

Si 1ﬁ

(38) can be written as

. ~, =~ b=l
G=C(y-Aq ™)

. - (39)
Now we have two differential equations, (37) and (39).

Tet us define the internal equilibrium line by

b-1
. o (1-a) ' '
=0 or == " =4 40
§=0 or  ¥= oS | - (40)
and the external equilibrium line by
q=0 or - yﬁxdb L, : ' : {41)

The equilibrium point,EE(§3a), is specified as
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y=ag>t (42)
q=1-a(¥-p) | (43)

Hence if poéitive'y and'E exist, we have a unique
equilibrium point. At a movinglequilibrium roint,
() =re(t) and ¥(£)=¥(t,xe(t)).

Fig. 1 and Fig. 2 show the phase diagrams of the
system when positive § exists.tngy Assumption IIT,

when a time path hits the g-axis, it moves along the

g-axis, and once g=1l, it returns back to.the vositive

quadrant. It is clear from the phase diagrams that the

system cannot diverge infinitely. Any divergent trajectory

may eventually hit the g-axis and return to the point (1,0).

In other words, as long as.positive q exists, there is
no globally unstable case and the systen is either
globally stable or it has at least one 1imit cycle,

In order *to get further insight, let us examine
the local stability condition of the syestem. Expénding
{37) end (39)in the neighﬁourhobd of P and tzking the

first order approximation, we have

(r-F)_[-¥ (e-2-o9)3°72] [v-F] (44)
(a-8)] | € » BE(1-b)5°"2| | o7 |

Since the determinant of the coefficient matrix is
positive, we have the following necessary and sufficient

condition for local stability.
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In an 0BG cogntry, (45)always holds and the sys%em
is locally stable. We will prove later that there exisbs
no limit cycle in this case and hence the s&stem is
globally stab}e as Weli. In an IBG country, if (45)‘is
not satisfied, the system is not stable and thus there
must be at least one 1imi% cycle, whereas when (45) is
met, there remaing ambiguity. |

In aadition, the system of (45) moves cyclicélly,
if

(r—h’*+5ﬁ(b—l)€b;2 )2+43c"ib'2(b-1-b'c‘i)_< 0 (46)
Therefore, if’E%g;ZaQ or-quivalently;'if the cquntfy
is of SOBG type,.P is nodal:\To assure, see Fig.3.
Theorem 14 (Global Stability)
(2)The system of (37) and (39) is globally stable, if
a country is of 0BG type.
(b)The system has at least one limit cycle if a country

@
is of IBG type and c<~(b l)~b-2_.

(e)P is = docally nodal point if a countr&.is of SOBG

type.

Proof: We prove that there is no 1£mit cycie whén F¥>P .
We can see that there mre two possible type§ o¥f

1imit cycie. They are shown in Fig. 4 and Fig. 5.

The second type (Fig. 5) is an ordinary limit cycle,
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whereas the first one (Pig. 4) apvesrs because of
Assumption II. In oxrder for the first type of limit cycle
to exist, there must be at least. one ordinary type of

limit cycle, because, in an O0BG-type country, the system .

is always locally stable; see Fig. 6. Therefore we only

need to prove that there is no limit cyecle of the second

type in an 0BG-type country.

First of all, let us construct a closed square

(Nl NN, )

The closed square contains two corners, one at the origin

in nbn—negative orthant of (q,y) as in Fig. 7.

- ¥
and the other on the external equilibrium line. ¢ in PFig. 7
is given'by

-1 o
d= bbl (bK(al-* ~-p )) y

Note that, under the system of (37) and (39), any +time

path will eventually come intc the square (N1N2N3N4) and

no time path will go out of it. Hence a limit cycle can

appear only inside of this closed domain.
We will prove that a limit cycle, inAféct,_doés no+t
exist within this region.

From (37) and (39), we havé' .

2y 24 r*-(v-1)GAq" 2,
35 ‘aa ~f- (v-1) (47)

I£Y*>p, ﬂ 5——(0 for 211 (q,y) wi%hiq the closed
square (V1N2N3N4). Therefore, if'}deyo, no limit cycle

exists within this area by Bendixson's negation theorem.
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Hence, by the preceding discussion, the system

of {37) and (39) has neither the Ffirst type nor the
second type of Limit eycle. |

Theorem 14 suggests‘thét the flexible e#change rate
system 1s successful in OBG-type countries. IBG countries
must be very céutioﬁs in édopting the flexible exchéngel
rate system.EBJ

It is interesting to note that when the foreign

exchange market is always in equilibrium, that is, C—w ,

~the system of (37} aﬁd (39) is always stable. This is

shown by Fig. 8 and Fig. 9. Therefore, although Equilibrium
Exchange Rate in strict_sense may differ from re(t) in
the short run, it a@proaches‘re(t) ags t->oo . This‘corresponds

to <the remark which we made in Chapter III Section 1.
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Footnotes to Chapter IV
(1) You could normalize v and q by devi@ing Y by Y(t;re(t))
and r by rett) respectively if you wish.
(2] Yhen a country is more outward-biased than SOBG,

. there will be no positive équilibrium‘point. Sge ?heorem T
“ In this country, if she édopts the flexible éxchange rate
system, the exchangé rate appreciateé‘infinitely and,
she suffers from economic decline, See the following

figure. 'ﬁ y e L ‘

'0 A >q 1
[3] Suppose ¥ rgpresents the fiscal poliecy instrument.
Since

¥ ~2~b-2

Y _ - .
=Z=- p(b-1)47¢"""<0, |

. a government can facilitate economic growth by decreasing o ,

provided the time path is stable., When K is decreased,

the equilibrium point P moves along the external equilibrium

DG



line to the northeast (see the figure below)) showing-
that y is increased. However, it is apparent that the
¥isk of the iﬁstability of the sysfem grows as well.
'Thus there is a trade off between‘ecbnomic groﬁth.and
stability of the flexible exchange-rate system ag

far as the fiscal policy is concerned.

N
o
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- Appendix
Table 3 ﬁakes a comparison between the model of.
this paper.and some other relevant models. The ﬁable does -
not® list mény economatric or simulation studies., The
classical partial-equilibrium agalysis ofithe stabilify
of the foreign exchange market (Marshall—Lerner,aﬁd Robinsén

[[{}) was to en extent extended to = partially dynamic

" system by Britfon[4J y 'and was combined with Keynesian

multiplier analysis (Lanfsen—ﬁetzle? 01 ) by Savosnik

[W] end Alexander E‘D « On the other hand.,r 't;hé dynamic
nature of investment was taken into accqgnt by meny authors
(for'example,lKhang'[?J, Mo?iguchi[léj, Bardhan-Tewis [3]
and Fulkuchi-Imagava (7) ), bﬁt they ﬁsually assumed that
the balance of paymentg is in eqqilibrium. This paper has

integrated. these two streams into a fully dynamic model.
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Table 3

Capital

Model Trade Income Exchange
— Sgctor ‘ Sector | Accumulat'n| Rate
3 ' ' Determi-
§ na‘tion
"f,—g Laursen- \ Y=oy +'f:{~E-
2> Metzler s
I IRGLE o \ ' \
= AN
5 | Robinson E “E(r 2, %) \
(2 H'-‘\HL&R"
‘:u.\ Lerner M=M(r, EE,E ;Y) :
b (1937 n s
= )
I | Savosnik E-E(nE,T) Y:ocY+T+E— | N
o Al(izz?e‘r- (rf ) -M
e M= M(F, e,T
SN BALLE)) | N\ ' \
g | Britten E=e(n& T (=oy+I4E- )
E e B ) :41 [= e h PeE ~PaM)
F |K Kawan M=M(r Lo =
o0 D'gRZL‘quz) A ( 7 B )Y> \\ .
The present E=E(th:YW> Y=oy +I+E- Y=gK F= A(%E_RH)
model M= H(h EY) M Iil\; = ‘r(t). or
! r=¥F
Fukuchi- E<E(hY)  [Yeav+1+E- | Y- pK \\
Iniqau.wa. M= RE -M ok
Cian5) v B 1= —{L‘r \
P . e
T | Bardhens | ESEGR WD | Nef4KLD) | Ras - K He N
‘é Lewis " PE P ~ £
2 (270> Ke=2 7.5 LKD) &
I = T
§ KA_G\Y&&_ 3 E(?e[',; :YW) Y= j"(l(,t ,M) K= S(\]’) \
;E? (1368 PeE Fn_ (I)
q.c.), l"lpm,Pe- H
touchs (P - -
g MO(I‘;?‘;:;I E=E (—% ,YW) Y___ )((K'L ,t) K= S(Y"E> Y-_;_Ff_ze‘_%
3 c b " "
3 ey A (5]
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