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Abstract

This study develops a theoretical general equilibrium model of the
determination of the equilibrium long-run real exchange rates in a
three-good open economy framework. Three economic agents are
considered in the model: a representative consumer, a representative
firm, and the government sector. Two goods are produced by the
representative firm: a non-tradable good, and an exportable good
while the consumer demands two goods: the non-tradable good, and
an imported good. The three agents interact in an internal-external
equilibrium framework. Comparative statistics from the developed
equilibrium long-run real exchange rate show that the long-run real
exchange rate depreciates as government spending on the traded goods
increases, and it appreciates as foreign interest rates increase. On the
other hand, an increase in the world interest rates appreciates the
real exchange rates, while an increase in capital outflow depreciates
the real exchange rates. In general, this study adds to the existing
knowledge of the determination of the long-run real exchange rates by
suggesting that the real sector variables, including the capital labour
ratio, are important determinants of the long-run real exchange rates.

1ii



General equilibrium real exchange rates in a three-good open economy setting

Abbreviations and Acronyms

BEER Behavioural Equilibrium Exchange Rates
FEER Fundamental Equilibrium Exchange Rate
LRER Long-Run Equilibrium Real Exchange Rates
NATREX Natural Real Exchange Rates

PPP Purchasing Power Parity
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1. Introduction

Several different approaches have been used in theliterature to define the
Long-Run Equilibrium Real Exchange Rates (LRER). The most common
is the Purchasing Power Parity (PPP) approach and its extensions,
including the Balassa-Samuelson approach and the Capital Enhanced
Measures of the Equilibrium Real Exchange Rates (CHEERS) approach.
The other approach is the Permanent and Transitory Decomposition
of the Equilibrium Real Exchange Rates (PEER) approach, which
includes the Beveridge-Nelson Decompositions, the Structural Vector
Autoregression Approach, and the Cointegration Based PEERS. The
other approaches are the Behavioural Equilibrium Exchange Rates
(BEER) approach and the Internal-External Equilibrium (I-E) approach,
which includes the Fundamental Equilibrium Exchange Rate (FEER)
approach, and the Natural Real Exchange rates (NATREX) approach.
Other than the I-E equilibrium approach, the other approaches are
partial equilibrium approaches. No comprehensive approach has been
developed to determine a general equilibrium real exchange rate with
realistic assumptions. Edwards (1989), for instance, develops a general
equilibrium approach to the real exchange rate determination but
assumes only one factor of production, labour. This is apparently done
to make mathematical calculations easier. The disadvantage of these
assumptions is that the resultant equilibrium will not hold in reality,
since most countries have freely mobile capital flows and more than one
factor of production. It is therefore necessary to develop a theoretical
model of the determination of the real exchange rate that takes into
account the current dynamics of these economies.

This paper develops a general equilibrium real exchange rate that
allows for both real and nominal factors to play a role in the short-run in
line with the internal-external equilibrium approach. The starting point
in our model development is Edwards (1989), who defines the long-run
equilibrium real exchange rate as that rate achieved when the external
sector (balance of payments) and the internal sector (non-tradable
goods market) are simultaneously in equilibrium. Additionally, the
long run equilibrium requires that fiscal policy is sustainable; that is,
the government budget is balanced and portfolio equilibrium holds. In
the long-run, however, only real factors - the ‘fundamentals’ - influence
the equilibrium real exchange rate.
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2. Structure of the Model

The model developed in this section considers a three-good framework
- exportables, importables, and non-tradables in a small open economy.
There is a floating exchange rate regime, and there exists the asset
markets and a government sector. It is assumed that this country
produces the exportable and non-tradable goods and consumes the
importable and the non-tradable goods. Nationals of this country hold
both domestic assets and foreign assets. The government consumes both
importable goods and non-tradable goods, and uses non-distortionary
taxes and domestic debt to finance its expenditures. There is no money
in the model. It is assumed that the government, as is the private sector,
cannot borrow from abroad. Finally, it is assumed that there is perfect
foresight.

2.1 Demand Side

The demand side of the model is constructed with a representative agent
maximizing his utility over the consumption of two goods: imports and
non-tradable goods.

2.1.1 The households

For simplicity, an overlapping generation representative consumer
who lives for two periods is considered. He works when young and
consumes when old. He consumes two goods in each period: the non-
tradable goods n and (the tradable) imported goods m. The consumer
must consume at least some positive units of each good in each period.
His preferences over n and m in each period is represented by an
additively separable utility function. In every period, every member of
the household is endowed with one unit of labour, which he supplies
inelastically. For this, he receives a wage income of w, per period and
pays tax at the rate o<zax<1 to the government. His total after tax labour
income in period t is therefore (1-ax)w, Individuals are the same within
and across generations. The gross returns to savings enable consumers
to consume during the second period of their lives. Non-traded goods
prices are taken as the numeraire and are therefore normalized to
one and given by p, =1in period one and #... =1 in the next period.
Importable goods prices are given as e,, which is the relative price of the
importable goods in terms of the non-traded goods; that is, the units
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of the non-tradable goods that would be exchanged for one unit of the
imported goods. From this definition, e, will denote the real exchange
rate in the model. This definition is in line with Montiel (1999) who
defines the real exchange rate as the relative price of importable goods
in terms of the non-tradaded goods. The assumption is that the supply
of the imported good m from the world market is enough to cater
for the demand of m in the domestic economy in every period. The
consumers’ income that is not used in the consumption of the two goods
in period one is invested in two assets, either domestic assets (bonds)
B’, or foreign assets (bonds) B,. Both assets are one-period bonds. The
consumers receive returns on their bond holdings in the next period,
which he uses to consume in the second period. He consumes all his
savings in the second period.

Assumption 1

The utility function « : R} — R, is differentiable, strictly quasi concave,
strictly monotonically increasing, and homothetic.

The consumer’s choice behaviour is represented by an additively
separable utility function of the form:
u(n,,m,n,,,m ):Zn(n;”m,l"’)wLUfn(ntﬂlml’p) (2.1)

19 7410 T 1+1
And his budget constraints are given as:
n, +em, + B, + erB,* = (1 — tax) wy
=+i)B +(1+i",)eB;

(2.2)

where 0<v<1 is a subjective discount factor (The consumers do not value

n,, +e. m

+1 r+1

tomorrow’s consumption as much as they value today’s consumption).
7,>0, m,>0 and 0<p<1 is the substitution parameter.

(1+14,) isthereturn on domestic bond, given as the non-tradable goods
per unit of domestic bond and (1+:) is the return on foreign bond in
terms of the domestic non-tradable goods. The returns are determined
in period t, hence the use of the relative price e. The assumption that
preferences are monotonic ensures that the budget constraint holds
with equality. The consumer’s problem is therefore to find non-negative
consumption bundles solving:

_ P l-p p o l-p
(1, m,.) = 2 ) ot )m[

(]—tax)w/— ]+

.
nl _elm/ _Bl _elB/

27 ((1+i/)B/ +(l+i:)e1B: 1 7€1+|m1+|) (2-3)

The domestic bonds are supplied by the government. The returns from
the two investment alternatives (investment in domestic bonds and
investment in foreign bonds) are assumed to be equal, hence the two
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investment alternatives are perfect substitutes, i.e:

(1+i,):(1+if) (24)

In addition, the assumption is that the consumer must hold at least
a positive amount of each of the bonds. The assumption that the two
bonds are perfect substitutes ensures that the equality in (2.4) holds in
all periods. To simplify the problem further;

Let = =( % +# Jwhere B>0and 5'>0 (2.5)
Andlet 7. =(1+4)=(1+4)

Then, the consumer’s utility maximization problem can be written as:

- L n+em, +es, = (1-tax)w,
max u(n,m,n,,,m,)= Zn(nf m ”)+Uln(n£lm”f)s.t, .
o +eam, =i, (es,)

t+1 1M = b

Solving for#z,and 7z, from the budget constraints,
B (l —tax) w, —es, —n,

el
_ Z+1 (etsz ) — N,
+1 T

m

et+1

The maximization problem then becomes:

_ —eg—n ) : P 2.6
u(n,n,)="In|n’ ((1 ) -6 n,j +oln| n’ [l'”(e’s’) n’”] (2.6)

17+ t+l
et t+

3N

Solving for the first order conditions:

-1
ot(mem) (o (=tax)w, —es,—n, | "
=i n
on, ! e,

t

1-p
pn? I[(l 7tax)w, —es, —n, j .

€

-P
n? (l_p)((lftax) w, —e,s, 7n,J -1

e[

-1
4 I-p
aE(nt’nwfl) _ P Iy (exsr)_nz+1
o =v|ny,
nr+1 er+1

4 I-p
R es, |)—n
P"ﬁll[ 1+I( t 1) r+1j +

. (2.7-1)

'

(2.7-ii)

€1

ol )

ez+1 ez

=0
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e e

t t

i (es)fn .l i (es)fn el !
P 1+ \MtPr 1+1 il t+1 1+1 4l _
Ul My nt+1(17p) =0
er+1 eHl er+l

Because the utility function is strictly concave and strictly monotonically
increasing, the contemporary slackness conditions hold.

ot (n,,m,) [nf[(l_[ax)w_e‘s'_”rjlp]1 np(l_p)[(l—mx)w/—els[—n[ ]/’_H (2.7-iii)

From condition (2.7-1)
-p —p
o1 (1-tax)w,—es,—n, (1 (1-tax)w,—es,—n, =
g [ 2 e

1 1
p[(l tax) w,—es, —n, ]1,;

€

n

I-p -
@pnt""[(l_mx)w‘_e’S'_n‘J +n,”(1—p)[(1_mx)w_e‘s‘_nlJ -1,
eI el et
I-p -
I-tax)w,—es,—n I-tax)w,—es,-n, | -1
@Pllf][( ) t z] +n[p(1_p)[( ) t r] L)
ef ef e[ (2 8)
< p((1-tax)w, —es,)=n,(1- p)+ pn,
= n, =p((l—tax)w, —e,s,
1—tax)w, —e,s,
and 7, (e w,) = (1— o) L=12%) (2.9)

2

From condition (2.7-ii)

1-p —P
pﬁll[lﬁl(es) n+]] +n£1(1—p)[1t+](eS) n+]] __1:0

t+1 et+1

z+1( r) n :(

et+1

prlen) M (1= s )

1 e“

_p)hﬂ)h

>N, = plz+1 (etsz) (2.10)

:>mt+1:(1_p)M (2.11)

t+1

From (2.7-iii)

o {n’” [g(l_f“x)“;‘etsz M JIPJI n? (l_p){(1 ‘mx)vz —es jfﬂ (-1)+

t

-1
-p -p
n es, )—n ei,
P 1+1 ( r) t+1 r+l ( t t) t+1 St
v nt+l[ l+1(1_p) =0
ex+] ez+l ez+l
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@[“W)‘”‘”J - p)(_l)w[’f“(”)”MJlu_ o) Ly

¢ € €

@[0 p)(1-tax) '“]1<-1)+U[—<1‘f’>’~1<”)] ol Ly

el eH-l et+l

@{(kp)(lfmx)w,7%}"%((17 o (o) ei Lo

€

o(Ummdvimen ) o (05)) e

e.
L)((l — tax) w, —e,s, —
<,
<5, = —e (1+U) (1 tax)w (2.12)

2.1.3 Capital stock

The output of the export good forms new capital stock used by the firm
in production in the next period. Capital depreciates fully at the end of
period t; therefore the capital stock in period ¢+1 is equal to the output
of the export good, i.e.

<>k = FUKT LD =1 f (K (213)

2.1.4 Government

In period t the government consumes two goods: the non-tradable
good =" =0 and the imported good g~ =0 . The total government
expenditure in period tis g, =e,g,” +g,” . The choice between tradable
good and non-tradable good is assumed to be exogenous. If the total
household before-tax-income in period t is denoted by w,and0 < tax < 1is
the amount of proportional tax rate on the consumer’s income, then
the government receives rax(w,3s revenue from taxes. The government
budget is balanced when:

(8" +eg)=(tax)w, (2.14)

If its spending is greater than its tax revenue, then the government runs
a budget deficit. The government finances its deficits using domestic
debt. This is done by issuing one-period domestic bonds B, at the
domestic rates of interest 7, in period t. The government primary budget
deficit is thus given as:

Def; = (gtn +etgtm)+(l+iz—l )Br—l _(tax) W, _Bt (2-15)
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The total bond supply in period t is given by:
B, =(g/ +eg”)+(1+i_)B,_, —(tax)w, (2.16)

where B, is the domestic assets issued by the government (constituting
domestic debt) and Z, is the domestic rate of interest.

2.1.5 Market clearing condition in the non-tradable goods
market

The non-tradable good is demanded by the households in the amount
n,“and the government demands g,”. The non-tradable good is supplied
by the firms in the amount of »,*. The market clearing condition in the
non-tradable good market therefore requires that:

d n __ K
n. +g, =n

(2.17)

Montiel (1999) refers to thee, that solves equation (2.17) as the short-
run equilibrium real exchange rate in the sense that it clears the market
for the non-tradable good for given values of private consumption. They
note that this real exchange rate will be sustainable only to the extent
that private consumption is itself sustainable.

2.2 Supply Side

On the supply side, we assume a representative firm, producing two
different goods, non-tradable goods 7, at prices p, =1in period t (the
domestic prices are normalized to one) and the exportable goods x, at
prices P, in period t (therefore p, is the relative price of the exportable
goods x, in terms of the non-tradable good ). The firm uses constant
returns to scale technology under perfect competition in its production
plans. The non-tradable good is used solely for domestic consumption,
while the exportable good is produced for exports and is not consumed
domestically. We assume that there is enough demand for the exportable
good x in the other countries to absorb all the supply in every period
since ours is a small country. Good x s the capital good and is thus used
to generate next period’s capital. The firms produce the two goods using
variable units of labour and capital. We also assume that there are no
inventories at the end of each period. The firm’s objective is to minimize
costs and maximize profits.
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2.2.1 The firm’s cost minimization problem

The firm’s problem in every period is to find a wage-rental combination
that would produce the optimal level of output n, and x, at minimum
cost. The same wage rental ratio that buys this input combination is the
same wage rental ratio that maximizes the firm’s profits.

Assumption 2

Both production functions ./; : 937 —> 9% are twice continuously
differentiable, strictly increasing and strictly concave, i.e. /:{%,)<0
and /" (k)>0 ,V k>0 i=n,m and k, = —=—where7.is the labour-

7t

augmenting technical progress.

There are two factors of production, Z,and X, such that the production
functions used to produce good 7z, in extensive form is of the form:

n n (24 n n 1—
F;1(Lr:K z):EK zﬁj/tL tl 7 =n, (2.18)

The firm’s problem in sector ” is to minimize costs

i > = V! " . n n ad nl—
min ¢, Wty’L’ + ,;K’ Wlthwt>0 and 7;>OS.t Ex (Lz va ): EKt ﬂ}/tl‘rl ’ 2 n,

(x",27=0)

The firm therefore wishes to minimize its cost on the two inputs

min ¢, Sn,f’ w,,r, )= {wty,L': +rK/ %Kt"ﬁ’yt[j:'*/” > n,} (2.19)
Becau(sl; til; (]I))roduction technology is strictly monotonic, we can write
the constraint with equality, hence:
mine {wrs vnkr |

Forming the Lagrangian:

K7y, = n,} (2.20)

O(K], L) = minc, {wy,L "+ K" 71[/1 7—K"ﬁ7/,L" ﬁj}

K L =0

The first order conditions are given as:

S L%( =5+ AxK Ny, L, 7 =0 (2.21)
a”(KML/ w22 =B, sk lo (2.22)
(~)
Taking the ratio of the two first order conditions,
L Aok /"y L™ p B
== P B-lgr By 1By B
w; a(l ﬁ) ﬁK/f == Kt Kt Lt Lt
I t w I—IB
(8) ‘

7 B L w, 1—p,, K
— e = = = K, 5,

W ISR v vz where «, : Z

—_
Let us define = 7. , then
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n\._ "t _l_ﬂ n
= olk)= =gk (2.23)

Similarly, o, (k‘) = 7’ =k*

1

(2.24)

@(k) is the cost minimizing wage-rental ratio. We will see later that
this cost minimizing wage-rental ratio is the same profit maximizing
wage-rental ratio.

2.2.2 Production

In the production of the two goods, we adopt the two-sector production
model in line with Galor (1992). This section has also benefited from
discussions of the two-sector models in Schmitz (2007) and Teodorescu
(2008). The firm’s objective is to minimize costs and maximize profits.
The total output of the non-tradable good is given as:

Nr =F (Knb}/tL:’)

n t

where L' and K" denote the amounts of labour and capital employed
in the non-tradable sector. Since the production function F is linear
homogenous, it can be re-written as:

" K/ ,, " 2.2
V,L,Fn[ %L ,lj =L 1, (% (2.25)
7 7

J

If we define %/ = fi, as the capital labour ratio in sector j at

r

time t , j = n,x then by equation (2.25), the per capita output of the
non-tradable good in period t is given by:

n = ]% L=, (k") (2.26)

where ;j» _ L7
‘ L,

Similarly, the traded good is produced using capital and labour in
every period using a time-invariant constant return to scale production
technology. The total output of the exportable good is given as:

X,=F(K:y L) =LF, [K/ Lx,lj L f (k) (2.27)
Vil

t

Defining the per capita output of the exportable good as *- = .~
then by equation (2.27), we obtain the per capita output of the exportable
good in period t as:

==l (k)
7/sz (2.28)
x L
where 77 ="

(3
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Let the production functions in extensive form be given as:
n n _ (24 n f nl-g
Ez(%LmK t)_EK Sy, (2.29)
for the non-traded goods production, and
FA(r L. K)= %K,MV,L?HS (2.30)

forthetraded (exportable) goods production technology. The production
functions in intensive form are given as:

fn(kr"):%(krn)ﬂ ,k'>0, a>0,8€<(0,1) (2.31)
fr(kf):g(kf)ﬁ,k," >0, p=0,08e(0)) (2.32)

We assume that both production sectors are profit maximizers. Each
sector will therefore choose an input combination that will maximize
its profits. Since the firm operates under perfect competition, it has no
influence on either the prices of goods or input prices. The firm’s profit
maximization problem in the non-traded good sector is therefore given
by:

max {Er (Kzn’yszn)_rthn +W17/1L1n} (2.33)

P
where r is the return to capital at time t and w, is the wage rate at time
L.

Since the production function exhibits constant returns to scale, the
profit maximization problem in the non-traded goods sector can be
written in the form:

max {%L".f,', [K/%L,, j K"+ w,%L"}

The first order conditions with respect to & ~and 7~ are then given as;

S (k,)—7rn =0

(2.34)
fn (kz'1)_k1”f;x'(ktn)_wt =0 (2.35)
where % =1 (2.352)
These first order conditions imply that:
n=11(k,)

(2.36)
v =, (k)= (k) (2.37)

Similarly, the firm’s profit maximization problem in the traded
(exportable) good sector is given by:

r[gaL)A({ﬁtF; (Kx,j/tLX)—I"KX +W]/,Lx} (2.38)

10
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The first order conditions with respect to K" and L' are then given as:

ﬁt-f;c,(kx)_r; =0 (2.39)
P, [fx(kf)_erf;(k;ﬂ_wt =0 (2.40)
where x4 = &.

v
This implies that:
r= ﬁtf;c,(kx) (2.41)

w, = p, I:f;c (ktx ) - ktxf;c,(ktx )] (2.42)

Both goods and factor markets are perfectly competitive, meaning
that:

n=pS (&) =7 (&) (2.43)
w, = B £ ) =k (k)] = 1 () =k s, (k) (2.44)
2.2.3 Market clearing conditions in the factor markets

We assume that factors are fully employed in both sectors in period t.
In period t, total labour Z, is supplied inelastically by the households
while the total capital stock X, is supplied inelastically by the foreigners.
The total demand for capital £, + K, and the total demand for labour
L' + £ are described by the first order conditions of the profit
maximization. Therefore:

K, =K +K;
But sz — kzj ¥, L{ (see equation 2.35a)
LKL Kl K,

13

ytLI 7/th 7/th
Since L — , L _ ;~ and & _ i then full employment of
Lt Lt ' yth '
capital imply that:
Kt" +le = Kl < klnltn -+ ktxltx = k] (2.45)

Full employment of labour, on the other hand, is given by’ + 7 = L,
Since ;/ _ Q/ . describes the proportion of labour force employed in
‘ }/l 1

sector / in period Z, for j = n, x,

L+L=1, <> "+ =1 (2.46)

11
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245:>l”=kt_kx
’ k" —k*

. kt_kﬂ
2.46 =1 = ©—

These are the market clearing conditions on the two factor markets.

2.2.4 Profit maximizing wage-rental ratio

We define the ratio of wage to the rate of interest evaluated at the profit
maximizing capital labour ratio as the wage-rental ratio given as:

@, w, f/ (k’j)jk’j-f; (k’j) R j =n,x (2.47)
5 /(&)
= LU o (17 for w50 (-48)
7y (&)

v (k/) _ i (k?/ )f"(l?j)
[ ()]

The function @’ (/) is well defined and, therefore, the inverse function

of e’ is givenby &/, with w = [ £.(k)-k'f/(k')] for &,>0. &7 (e )is

the profit maximizing wage-rental ratio for A >0 and appropriately
determined market prices. The market prices are determined as:
. n_ (k)

>0 for £/>0 andj = n,x (2.49)

= .t .t (2'50)
LR (&)
From our production functions,
P (G- A
“ _(1—5j 7 (2.52)
The capital-labour ratio in sector j at time 7 is given by:
n W, A1=p Y43
K")="t=k g =, 2.
a),( ) p 7 = k" (w,) wtl—,B (2.53)
@, (k) =2 pr 122 — k(o =a)i
’ 7 s RO (2.54)

These are the same wage-rental ratios as was derived in the cost
minimization problem in section 2.3.1.

12



Structure of the model

It is important to note at this stage that not all positive wage
rental ratios are profit maximizing. The set of possible temporary
equilibrium wage rental ratios can be reduced to a bounded interval
dependent on the total capital labour ratio (Galor, 1992). That is,
o €[w,, (), 0,, (k)| where »'is the profit maximizing wage rental ratio.

min > ¥max

Let us define the quantities ... (4,) and @ (X, ) by:

@, (k,):=min {a)” (k). " (k, )} for #,>0 and (2.55)
D (k) = max{@” (k,),@" (k,)} for x>0 (2.56)
Assumption 3

No factor intensity reversal

Either 4,” (@)> #.” («) for V>0 or k*(w)> k" (@) Y 2, >0

Assumption 2 implies that, for all feasible wage-rental ratios, either
the non-tradable goods sector is more capital-intensive than the traded
goods sector or the traded goods sector is more capital-intensive. With

this assumption, the o" [a)min (k,)s @ (K, )] can be defined as:
kYoot (k)] i
W’ e[a)min(kz)’a)‘mlx (k,):lz I:w (). ):I Tk (a)) >4 (@) Vo
[ (k).o" (k)] if k' (0)> K" (@) YV @,>0

If we assume that the traded goods sector is more capital-intensive
than the non-traded goods sector, then the capital-intensity condition
implies that:

k' (w,)>k" (0)=>6(1-p)>p(1-0)=>5>p

For k, exogenously given and 4" (®,) > £" (w,), then

Do (K, ) = 0" (k) = K, % and (2.57)
" 1-p
a)max (kt) = (kl) = kt 7 (2.58)

From the definition of P, as long as both goods are produced, it follows
that the prices in period t are given by:

_ _ Sk, (@)
L (R (@)

From our production function:

) o B p-1 s\ s
)2 L) () @ v clon®@)on®)] oo
where 0, €(a,, (k ), 0,,, (kt)):(a)“ (kt),a)"(k,)) for & (w,)> k" (@,)

13



General equilibrium real exchange rates in a three-good open economy setting

P, (®,)is strictly monotonic and, therefore, invertible.

o nzlits) () T

o B Y7 s Y\ h 1
Let = T ’ D =|pO@|s-s
’ Q'CJ}—BJ (E—aj en, @, (p,)=[P.0]7

There exists a single valued function o:| p,;, (k). By (k) ] > @ (k) 0y (%) ]
such that o, = @ (p,)

o, =w(p,)= (ﬁtﬁ)ﬁ
= p, () = éa)f’ﬂy
Since the profit maximizing wage rental ratio is in the interval
@ €[ Dy (K,) > @y (K,) | and the price P, is a function of the o, ,
then the profit maximizing prices must also be in the interval

ﬁt € (pmin (kt)’ﬁmax (kt )) fOI‘ WhICh a)t € (a)min (k/ )’a)max (kl ))

[
[

For k" (w,) > k" (w,), then

ST

(O (k). (@ (k,))] i k(@) (0)  Ya,>0
(a)mm(k,)),ﬁ(a)w(k,))] if k'(0)>k"(0) Vo0

D € [i’min (k/)’ﬁma‘( (kt )] = {

ST

_p =5 1, 1-6Y"°
D (K) = Fe, 2 :,p,(mm(k,)):;[k,Tj (2.65)
1-5 =
@ pnax kl = kl - 5 » (o =l ﬂ .
(k) =k 5= = p (b)) = {6 2 (2.66)

There could exist three situations for:

()- n, =0 and x,>0 if P, €[ 0. Poin (k)]

({)-7,>0 and % >0 if ;€[ B (K,): B (k)] (2.67)
(iii)- 7>0 and X,=0 if B, €[ P (k,).0].

We will continue to assume in the rest of this analysis that the firm
produces positive amounts of both goods and, therefore, we will ignore

analysis of cases (i) and (iii). For detailed analysis of these situations,
see Schmitz (2007) or Galor (1992).

Thus, given the prices p, at time t, the capital-labour ratios in both sectors
k' and k*, the wage rate W.- the interest rate 7, and the wage-rental
ratio @, are uniquely determined.

\V/]’Bt = I:ﬁmin (kz)ﬂ'ijmax (kt ):l’
n=1 (k" ((5,))=r(5,) (2.68)
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w, = 1, (K) =k 1] (K")
w, = £, (K (@(5,))) =k (@(5)) 1, (K (@(5,)))=w, (5,)

The temporary equilibrium capital-labour ratios k", k,;"and labour
ratios /", 1.

k" (a),)=a),i = k" (a)(p,))=%(pﬁ)ﬁ

1-p (2.71)
S S .
kx (a)t):a)tm - kx (a)(pt))zm(ptg)ﬁfé‘
x k _i( 2 g)ﬁ
" _ k —k (CO(P,)) I ) P (2.72)
l (kl’p/)_ n X - 1
k (a)(p,))—k (a)(p[)) [ﬂ_ﬁj(p g)ﬁ
-8 1-6 )V
— k" (w(p,)) k= (p‘g)ﬁ °
1 (k»p) = (2.73)
T (@ , k" (o(p,
( (P )=k (@(p.)) [1_5 . ﬂj(p,e)ﬂﬂ;
And the temporary equilibrium prices on factor markets:
B-1
e =a( 25 ] oy e
Since " (e (p,)) = p a)ﬁ and f! = Bk;”’™ (2.75)

W= n("t"(‘“(ﬁz))) (w(p,)) £ (K (@(5,)) =w(5) (2.76)

W(ﬁ,)—(%—ﬁ)(ﬁ( i),e)/flajﬂ

Further, given the per worker capital stock %, attime ¢, and prices 7: at
timet, the perworker production of the non-traded goodn, = f, (k/’ )ll" andthe
per worker production of thetraded good x, = 7. (kf ) [ areuniquely
determined.

7, :n(k,,e,)
X, =x(k,,p,)

The temporary equilibrium output of the export good, X is given by:
x(kp) =01 (K (0(2)))) (2.77)

15



General equilibrium real exchange rates in a three-good open economy setting

. N
k, ——"—(p,0)r= RN
3x(k[,p,)=[ =5 1 %(lfg(ﬁrg)mj

S5 YV e
ﬁ‘ﬁj“’ﬂ)”

(1-5(1-/;)/(,(;3{9);s-ﬂ(l_(s)j
(6(1-5)-5(1-5)) (

B 1-6(1-5) s Y . ot )

:x(kpp[)—¢5(5(1_ﬁ)_ﬁ(1_5))( ) k,(p,60)r5 - (2.78)

_ 1-5(1-5) LR PP s
:x(kt’pt)_¢5(5(1—ﬂ)—ﬁ(1—5))[1—5j k(p[@)ﬂ— _
P(B(1-9)) S Vs ors

5(5(1—ﬁ)—ﬁ(1—5))(1—5j (70)

= x(k,p,)=

- e(1-5) -
Lets:= S(-p)-pU-0) ¢=0and let also?: 5(1=p)-p=3) =720
B -1 _s !
= x(k,.p,)=ck,(p,0)r~s —z(p,0)s> (2.79)

And the temporary equilibrium output of the non-tradable good, n is
given by:

n(k,p)=1"f, (k" (a)(p,)))

S - _r
i v G0 L a[

B S Vinoyis B
1—p 1—5)(p’6)ﬂ

3n(k,,p,)—(

1-pG-0) k(oY 7 -0 v
=nlk.p)= BOA-6)-5(1-p) ;(l_ﬂ(pﬁ)ﬁ*’]
L o)
1=p(1=8)| & (PO) 7o =~ Y
=n(k,p,)= ( 1_5jﬁ[ £ (ﬁ,e)a-)
B(1-6)-6(1-5) p\1-p

_af_p ' __1=80-9) PNVES
3"(k’p’)’/3[1—ﬂj pG-5)-a(-m " (77

al p Y __(0-p)
ﬂ[l—ﬂ) p-6)-0(1-5) "

B 4
Dn(kt’pr)zg[ ﬂ j l_ﬂ(l_g) kl(ﬁtg)%—

p\1-p8) B(1-6)-5(1-B)
af g Y (60-p)) s
ﬁ‘[lfﬁJ ﬁ(175),5(1,ﬁ)(}7,9)
_a( p ) _1-5(-9) w5 Y (50-8)
- ﬁ(l_ﬂJ ﬂ(l_é)_g(l_ﬂandx;ﬁ(l—ﬂj B(1-8)-5(1-p)
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£ B (2.81)
n(kt’pt) = é:kz (}3;6)&5 _Z(ﬁte)ﬂ%

2.3 Capital Account

The portfolio allocation problem facing the representative household
is that he wants to allocate his income after consumption (that is his
savings) between the two alternative investment choices. He wants to
invest in domestic assets B, and foreign assets 5;, i.e.

s, = (8L v 8) (2.82)

We assume that the consumer must hold both assets in positive
amounts so that none of the asset demands is zero. This guarantees
that the returns from the two investment opportunities are equal. The
household’s investments in domestic assets earn a return of i,, while
investment in the foreign assets earns a return equal to l': . The returns
from the two investment alternatives are assumed to be the same, so
that the two assets are perfect substitutes. The net purchase of foreign
assets by the residents (net capital outflows) is given by:

Inf, =(1-i)e,B; (2.83)

Equation (2.83) shows that the residents of this country invest ¢, B, in
foreign bonds outside the country and out of this they get backi e, B, as
interest on their foreign investments. The net capital outflows 7/, in
period t therefore equals the amount invested out of country in period
t, minus the interest from the foreign bonds repatriated back to the
country. Capital outflows /7, is therefore a decreasing function of the

foreign interest rates.

2.4 External Balance

AccordingtoEdwards(1989),theexternalbalanceoccurswhenthebalance
of paymentssumsuptozero. Thebalanceof paymentsequationisgivenas:
AR, = BT (e,)—Inf, i/ ) =0 (2.84)
where BT (¢,) = p,x,(B,)—e,.m (¢)is the balance of trade relation, ¢, is
the exchange rate, /nf;(.) is the capital account relation, and 2" is the
foreign interest rate. The balance of trade is the difference between
the values of goods and services that a country exports and the value
of the goods and services that it imports. If a country’s exports exceed
its imports, it has a trade surplus and the trade balance is positive. If
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imports exceed exports, the country has a trade deficit and its trade
balance is negative. The following conditions therefore sum up the
temporary equilibrium conditions.

2.5 Temporary Equilibrium Conditions

2.5.1 Factor market equilibrium conditions

Kok K, = KT+ =k (2.85)
L+ =L, = ["+]["=1 (2.86)
ke =07 S (K) (2.87)

2.5.2 Non-tradable goods market equilibrium conditions

ntd + gtn = I’l,s (2.88)

2.5.3 Fiscal balance (Government sector)

(gt” Jretgt’”)+(1—iH)BH = (tax)w, + B, (2.90)

2.5.4 Tradable goods conditions (Trade balance condition)

AR, =BT, (¢,)-Inf, (i) =0 (2.91)

2.6 Internal Temporary Equilibrium

The non-traded goods market equilibrium implies that household
demand of the non-traded goods plus the government demand of the
non-traded goods equals the supply of the non-traded goods by the
firms.

ie.n'+g"=n’
n'+g" :p((l—tax)w, —etst)+g”

)67
n+g"=n'= p((l—tax)w, —e,S,)+g," =Sk, (ﬁte)ﬂ"; —;{([7,9)?/—

P (2.92)

B-1
= y(p,0)r-> =&k, (p,0)r +p((1-tax)w, —es,)+g" =0
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Structure of the model

As noted earlier in section 2.2.3, Montiel (1999) refers to the
< that solves equation (2.92) as the short-run equilibrium real exchange
rate. The short run real exchange rate is therefore given as:

i3 p-1
=g = X(ﬁzg)ﬁ — Sk, (ﬁ,@)ﬁ +p(1 —tax)w[ +g/
t pS’

e ey
s _ (1—zax)w, _[;{(ﬁ,é’)ﬁé — &k, (p,0)F~5 +g," ]

s s, O

t

where €, denotes the short run real exchange rates.

2.7 Balance of Payments Equilibrium

The balance of payments equation above can then be written as:
AR, =BT (e,)—Inf (i) =0
but BT(et):ﬁz'xz (i)z)_ez'mzd (ez)Where m, ¢ = m, + g,m

5-1 S5

Dok, (D,0)7> — p,t(p,0)Fs =e,.(I —p)(]_mx)i_es—el.g,”‘ —(1 —i,*)e,B: (2.93)
e

2.8 Internal-External Equilibrium

The internal equilibrium is given as:

= x(p,0 )ﬂ5—§k (p,0 )ﬂ(>+p((1 tax)w,—e,s,)+g" =0
The external balance is given as:
(l—tax) —e,s, " (l—i*)

5-1 5
pck, (ﬁlﬁ)ﬁ —i).r([),@)ﬁ —e,.(l —p)e——e, .g" -

t

eB =0

To obtain the internal-external equilibrium, we solve simultaneously
for e, thus:

2(50YF 5~k (5,0)5 5 + p((1=tax)w, —es,) + 8" = 0=
);%o 761'(1 710) (lftax) w, —e,s, —e.g” 7(1 71_1*)613:« (294)

el

s
b,k (p,0)r —p,z(p0

o1 -1

B
Z(ﬁza)ﬂ +ﬁ/' (pﬁ)ﬂ d _pz gk ( zg)ﬂ _sz (ﬁ[@)ﬂ—a‘ +
[petst —(l—p)ets, _ez'grm _(l_i:)erBz :|

p(1-tax)w,+(1-p)(1-tax)w, +g" =

5-1 p-1

5 )
2(pO)rs + pz (pﬂ)ﬁ = pck (p,0)ro =&k (p,0)5 + p(1-tax)w, +(1-p)(1-tax)w, +g," =

5-1 B-1

]
2 (BO) + Be(30)5 - B ok (381 — &k (50)85 +(1-tax)w + g =

& [ps,—(l—p)s, _gtm _(1_iz)

(2.95)

19



General equilibrium real exchange rates in a three-good open economy setting

5 51 s p-l 2.96
{ﬁt.r([)ﬂ)ﬁ - p.ck, (ﬁﬂ)ﬂ}{l(ﬁﬂ)ﬁ +-¢k, (ﬁﬁ)ﬂ} +(1-tax)w,+ g, (2.96)
|:psl _(l_p)sl _g’m _(l_l:)B;}

where €;is the long-run equilibrium real exchange rate. Equation (2.96)
gives the equilibrium real exchange rate conditional on a vector of
permanent values for the fundamentals.

€ =

2.9 Real Shocks and the Equilibrium Real Exchange Rates

This section determines how the equilibrium real exchange rates will
behave as a result of changes from the different fundamentals.

2.9.1 Effects of government spending shocks on the real
exchange rates
B 5 5-1 p-1
57 ) 7(p0)p +p,(p,0)52 - bk, (5,0)r —Ek,(5,0)r +(1-tax)w,+g,' 50 (2:97)
ag/ (psr—(]—p)s,—gl"’—(l—i:)B:—r

The numerator in equation (2.97) ab(_}ve is positjve because of the
demand of the non-traded good x(p,0)/ — ¢k, (p,0)#~ 20 |, government
expendituresg,” > 0 and disposable income (/-ax)w, > 0. The denominator
is also positive since it is squared. Therefore , a%g:,, >0, i.e. the change
in long run real exchange rate as a result of an increase in government
expenditure on traded goods is positive. This means that the long-run
real exchange rate depreciates as a result of an increase in government
spending on the traded goods. Montiel (1999) argues that an increase in
government spending creates an incipient trade deficit, which requires
a real depreciation in order to maintain external balance.

2.9.2 Effects of international interest rates shocks on the
real exchange rates

B 5 5-1 p-1

67 _B; [Z(ﬁ/o)ﬁ _'—13/"[(1610)E _ﬁ/'gkz (ﬁza)ﬁ _§k1 (16)‘8)E +(1—ZHX)W’ +g/”:|

7 = >0

] * * 2 -
61’ [ps,—(l—p)s,—glm—(]—i,)B,}

The terms in brackets in the numerator are all positive, i.e. g >0 and
(I-tax)w, 20 The numerator is therefore negative because of the negative
sign outside the bracket. The denominator is positive since it is squared.

Therefore,ﬁ%B, > 9, meaning the real exchange rate appreciates as a result
of an increase in foreign interest rates. The results are again consistent
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with the findings of Montiel (1999) which shows that a change in the
world interest rates leads to a change in the real exchange rates, in the
opposite direction. Therefore, an increase in the world interest rates is
expected to lead to a reduction in the index of the real exchange rates
which signifies an appreciation of the real exchange rates. A decrease
in the world interest rates will, on the other hand, depreciate the real
exchange rates.

2.9.3 Effects of capital outflow shocks on the real exchange
rates

B s 5-1 p-1
(1-i,')[l(,a,a)m 5,7 (5,0)75 — Bk, (DOVI S — £k, (BOVFS +(1—tax)w, + g:|

57 B
= ¥
9B, [ ps,~(1=p)s,—g"—(1-i) B/ ]

>0

The terms in the numerator are all positive and the term in the
denominator is also positive. Therefore a%* <0.Since B, is the amount
of resident’s investment on foreign bonds, it ’represents capital outflows.
The results imply that real exchange rates will depreciate as a result
of an increase in outflow of capital out of the country. These findings
are consistent with the findings of Montiel (1999), which argue that an
increase in receipts of transfer incomes from abroad (capital inflows)
shifts the external balance to the right, which permits the expansion of
consumption. This leads to an appreciation of the real exchange rates.
Capital outflows, on the other hand, are expected to depreciate the real
exchange rate through the same channel.

21



General equilibrium real exchange rates in a three-good open economy setting

3. Summary and Conclusions

This study develops a theoretical general equilibrium model for
determining the real exchange rates from a representative consumer
consuming two goods: the non-tradable good and the importable good;
a representative firm producing two goods: the non-tradable good and
the exportable good in a two-sector framework; and the government
sector which consumes both the non-tradable good and the importable
good. The three agents interact in an internal-external equilibrium
framework, with the internal equilibrium determined by the demand
and supply of the non-tradable good and the external equilibrium
determined by the balance of payments equilibrium.

Analyzing the impacts of different fundamentals as obtained in
the developed equilibrium real exchange rate equation shows that
the long run real exchange rate depreciates as a result of an increase
in government spending on the traded goods. This is the same result
obtained by Montiel (1999). The comparative statistics further show
that the real exchange rates appreciates as a result of an increase in
the foreign interest rates. The results here are again consistent with
the findings of Montiel (1999), which shows that a change in the world
interest rates leads to a change in the real exchange rates in the opposite
direction. In addition, the real exchange rates are found to depreciate
as a result of an increase in outflow of capitals. These findings are again
consistent with the findings of Montiel (1999).

In general, this study adds to the existing knowledge of the
determination of the long-run real exchange rates by suggesting that
the real sector variables, including capital labour ratio, are important
determinants of the long-run real exchange rates.
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