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A SHORT TERM MODEL OF A SMALL OPEN ECONOMY

V. Carho*

i. Introduction

A popular model of a small open economy is the
one derived from the monetary approach to the balance of payments.
As recognized by Johnson (1977) and lately by Frenkel et.al. (1980)
to use the monetary approach to draw conclusions in situations in
which the other variables that enter in the money market equili-
brium equation {i.e. income, interest rates and prices) are chang
ing, could result in wrong inferences. What is needed in those
cases is a model in which changes in income, interest rate and

prices are also accounted for.

The model that we will present below is an attempt
to describe the short run equilibrium of a small open economy. In
the present version it is an aggregate (one sector) model with

one output and two assets {money and physical capital). The mo-

* I am greatful to Edgardo Barandiardn, Juan Eduardo Coeymans,

Jorge Desormeaux and Andrés Solimano for comments on an ear-
lier draft of this paper.




del is a mix of a monetary and & keynesian model. As a moneta
ry model, it includes the important link between balance of pay
ments and the money supply. 1t is a keynesian one, through the
specification of the aggregate demand function and the determina
tion of output by means of a flow equilibrium relationship in
the market for output. It also inciudes a portfolio model for
the determination of the equilibrium in asset markets. Elements
of this model can be found in Turnovsky {1977),0ornbusch {1980}
and Kingston and Turnovsky (1978}, We also compare this model
with one suggested recently by Frenkel et.al [1980) as a recon-
ciliation of the keynesian and monetary model of the balance of
payments. The model is only short run and therefore the impor-
tant question of how the stock variablies change is not dealt with

here,

2. The Model

N
Vot g+ oaxiy, Eﬁﬁvy*); Flow equilibrium in the

Coutput market (IS)

(1) vy =aly, r - 1

(2} P =Py} : Aggregate Supply of output

{3} QKD = KD{r, v, Wl Domestic Demand for physical capital.
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{4} qKF = K? (r, r*, e*, p, y*, W*}: Foreign Demand for physical
capital.

(5} gk = qK@ + qu + QKG ¢ Equitibrium condition in market for
Physical capital.

(6} alr - 7%} = C: Rate of return on physical capital.

(7) W=+ ¥ ¢ wWealth Constraint,

P
(8) M=0D+R : Money Supply.
{9} g = L{r, y, W)+ Demand for Money.
Where:
¥ = real income.
a = real expenditure function.
r = nominal interest rate.
o= Expected rate of inflation.
g = real government expenditures.
nx = net exports {real).
P* = Foreign Prices.
P = Price of Domestic Qutput.
e = exchange rate.

M = Stock of Nominal Money,
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= Stock of nominal domestic credit,

= Stock of International Reserves in domestic currency.
= Expected rate of currency devaluation,

= Country risk.

= {apital stock.

H

Ratio of the market value to the reproduction cost of a
unit of physical capital (Tobin's gl.

= Marginal efficiency of capital.

= Physical capital owned by domestic residents.
= Physical capital owned by foreign residents.

= Physical capital owned by the goverament .

i

Foreign interest rate.
= Foreign real income.
= Domestic wealth.

= Foreign Wealth.

Fquation (1) is the IS for an open ecﬁﬂemyi. In this

i

The model presented above can also be made compatible with a
model in which we have two goods: tradables and nontradables.
Tradables are separated into importables and exportables with
the international terms of trade between these two type of trada
hles fixed. Domestic consumption of the exportahle is negligi-
hie and domestic production of the importabie negligible. With
that disaggregation we determine P from the model as stated.
Using the value of P and a price aggregator function we solve
for the price of non-tradables. The price of non-tradables is
the adjusiing endogenous price of the model.




equatiang 280, 8 g, 8D g, EDX g X g,

Equation (2} is a short run aggregate supply equation.
It can be derived from equilibrium in the labor market for a
given money wage (Modigliani (1963});equilibrium in the labor
market with different price expectations for demanders and sup-
pliers of labor {Branson (1978)); from staggered wage contracts
{Taylor (1880)}) or from price surprises for given expectations

(Mc Callum (1980)}. In this equation %‘i . 0.

Equation (3) is the domestic demand for physical capital.
We have assumed that no interest is paid on holding maney. Thus,
r is the difference between the real return on capital stock
r-1% minus the real return on money -1% (Tobin (1969}, Sargent

(1979}).
Equation (4] is the foreign demand for physical capital.

Equation (5} is the equilibrium condition in the market

for physical capital.

Equation (6) is the equation for the rate of return on

physical capital. In this equation we have assumed that capital

2 The last two inequalities follow from assuming that the Marshall-
Lerner conditions are satisfied.




has an infinite 1ife and a constant marginal efficiency.{Tobin {1969}).
Equation {7) is the domestic wealth constraint.

fquation {8) is the money supply equation, assuming that

only the central bank issues money.

Fguation (8} is the demand for money function. {Goldfeldt
(1973), Laidler (1980), Corbo {1981 a} and {1981 bl)}. If equations
{3) and (7)are satisfied then by Walras law equation {9) s also
satisfied., Thus, we will not use equation {9) when we solve the
moedel dn the next section,

We will treat this model as a system of 8 egquations in

DoF

8 endogenous variables: y, v, P, M, K7, K, g and R. Our exo-

genous variables are g, ﬁﬁ$ W, K, nﬁ, pr e, D, r*, y* and W¥,

3. The Solution of the Model

We will assume that a solution to this m@de%ﬁxé&tg and
we will solve the model reducing it first by substitution.

We start by substituting {3}, (4) and {6} in (5} obtain
ing the following locus in r and y for whicn the markel Tor

physical capital 1s in equilibrium.

4 A sufficient condition for a unique local splution to exist
i¢ that the Jacobian of the system has to be non-zero. A
sufficient condition for a unigue global solution can be de-
rived in terms of properties of the Jacobian matrix. For

our models, which are an extension of the I5-LM framework
global uniqueness 1s guaranteed.
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{03 ¢ éxﬁﬁ K" (ro v, W) + Kgiwg T é#g g, ¥¥, WX} o+ K

piE 0
Differentiating this equation totally with respect to

v and y we obtain:

D i F
C K 3K 3K Ak’
- dr = o dr dy A T
(rﬁﬁe)E ar dy ar
a
dr  _ T3y
dy o wf, wf L clkere)
ar Br {rwnejg
Thus, to obtain the sign of g§~we need to know the signs
D D F F
3k aK K Bk .
of 5" ar and Yt We assume vl 0. For the signs of

the other partial derivatives we have to use the private sector

wealth constraint.

The private sector wealth constraint is given by

We=L{r, y, W)+ K" (ry ¥, W)

Gifferentiating this equation totally we obtain:

s ok

D
al. . 8K .

D
_ 4oL, 3K 3k
o= (G * g drt Gyt Ty




This equality holds for all values of r, v and W if and

only if
D
al 3T
R
..m%» Y :@:@ = )
ay ay
o,
ol i
We assume g%-< G, %§m>'ﬁw§>v§§ > 0 and therefore we need
D U D
aK ak Ak i L
ﬁyw-bgg ggﬁwcﬁ and G<§ﬁw~< 1 to satisfy the above restrictions.

Replacing these signs in the equation for g§»wa find
§§,> 0, Equation {10) is represented by the Tine KK {equilibrium
in the market for physical caaéta?? in the diagram below. If we
have perfect capital mobility %éi~m = and thus the XK locus is
horizontal., The KK locus is also horizontal if‘ag%—m w, that is

if money and physical capital are perfect substituies.




c KCF%.KBKQJ:Q’ é+nﬁ§y*sw*)

¢ (g,e,0%,P%,y*)

o

b
Figure 1

From equation (2} we have P=P(y}, we repiace P in equa-
tion {1) and we obtain a locus between r and y for which the

commodity market is in equilibrium, We call this locus CC

(11} CC(r, ¥; g, e, T, P*, y*) = O
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The sliope of this locus is ﬂ@g&ti?@éo For a keynesian model

with an infinite elastic supply {ég;m 0) the CC functions is

flatter But also with a negative slope. In contrast, if the
supply function is completly iﬂeﬁagtﬁg, then the CC function
is vertical.

Finally for the values of y and r that clear the
commodity and capital markets,and the value of qKG from
{3} we solve (7)) for % . With this value
ﬁf~§ the value of P from equation {2} and given D we solve

equation (8) for the stock of international reserves in domes-

tic currency (R).

& From (1) we obtain

38 34 an, anx Eﬁ;& aP
dy = <5 g».{;:;é;m dr + =50 dy ;E%E P 3y
{b 58 anx anx efgﬁ“ -1 IR L N
ii w 5§‘W By 3§%§§ Py | Y 3 (r-1%)
But I
1 - %?-m §2§‘> 0 and wi§%§;> 0, B;gm;~<@ and
P

%% > 0 {from supply function)

Thus, the term in square bracket is positive.
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4, Comparative Statics

Now we will use the model of the previous section
to make some exercises in comparative statics. HWe will study
the effect of an increase in the faréfgn rate of interest (r¥),
increase in the exchange rate (e} and decrease in world income
(y*}.

Before proceeding to do these exercises we want to
say a couple of words about dynamics, We assume that §;Q§EDY
and r = QZESKB where a dot over a variable indicates time deri-
vatives, EDY and ESK are the excess demand for output and excess
supply of capital respectively. If @1 and Qz are positive para-
meters, then the system is stable. Thearrows in Figure 2 indi-
cate the direction of the changes in r and y. Inderiving this
dynamic adjustment,we observe that to the right of the locus
KK we have excess supply of capital {remember that §§§-< 0y ,and
therefore r has to increase to clear the capital market. To
the left of KK we have excess demand for capital,and by the same
argument v has to decrease to clear the capital market. To the
right of the locus CC we have excess supply of output ,and thus
y has to decrease to clear the commodity market. Also, to the
left of the locus CC we have excess demand for output and thus

y has to increase.
Now we will perform some excercises in comparative

statics.
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Figure 2: Dynamic Adjustment

a) Increase in the foreign rate of interest.

In this case, at the same domestic rate of interest
{r) we will have a lower quantity demanded of physical capital
by foreigners. The KK curve shifts to the left,and we will have

a new equilibrium with a higher interest rate and a lower level

of income.
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Figure 3: Increase in r*

What happens with the balance of payments?
The lower income and higher interest rate imply from
equation (3} a higher QKQ, The higher qKﬁ and lower price
level (from equation 2) imply from equation (7} a Tower stock of
nominal money. Using equation (8}, for a given D we need a lower
level of reserves to equilibrate the money market.

We get the same qualitative result if the shift is

. N - N
due to an increase in e oy in p.
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b} Increase in the Exchange rate.

If there is an increase in the exchange rate {with
o
& and the other exogenous variables of the model constant) then
the (0 function shifts to the right we will have & new equili-

brium with higher y and higher v in Figure 4.

r C’\\

Figure 4: Increase in e

c) Decrease in World Income.

For a decrease in world income the CC function

and the K K function shift to the left. We
will have a new equilibrium with a lower income,but the new

interest rate can be higher or lower depending on the relative

shifts of both functions.
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5. Some Extensions of the Basic Model

In this section we will extend the model of secw
tion 2 introducing the government budget constraint. In
this model we will analyse the effects of alternative fiscal and
monetary policies.

Now in the aggregate demand function we have to in-
clude taxes to obtain disposable income. We also need to include
a relation between 4, aKG and the government budget.

Specifically,we add to our model the following
equations.

G G oD

(12) g+ g -ak® =1+ gk’ + ¢

(13) t = Tty Y

Where the new symbols  introduced are:
t = real taxes.
t = marginal tax rate
Introducing (13} in (1) we rewrite the

aggregate demand function as:

€ gp* .
(' y = aly, rI0, 1 wpdtgr axly, 5= » ¥
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We work now with the system of equations {1}' and
{2} to {8) and we use eguation (12} to analyze how the budget

is Financed.

a) Increase in domestic credit.

Given the government budget constraint to analyze
the effect of an increass in domestic credit,we need to analyze
which of the other terms in equation {12} changes. We will ana
lyze an increase in domestic credit utilized to buy physical ca-

pital{pure monetary policy). Thus, 4D = qPﬁKa. In equation (1)

nothing changes with the increase in domestic credit. Thus, the
CC function does not change. In the market for physical capital
there is an increase in the guantity demanded and thus the KK
function shifts to the right.

r

Figure 5: Increase in U
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In the new equilibrium we have a lower r and a
higher y. Then by equation (3} we will also have a Tower qu»
From equation (7} we will have in the new equilibrium a higher
%w From equation (2) we will have a higher P. Thus, M in the
new equilibrium will be higher. In the second period further

changes in aDl and ﬁxﬁ will take place to satisfy {12).

b} Decrease in government taxes.

We will assume that the government sells part of
his stock of physical capital to finance a tax reduction (like
reducing social security taxes).

For simplicity we will assume in equation {1}' that
G

the change take place as a reduction in g with bty =AgQK In

equation {1)' the only change is an increase in absorption {we
assume %%m-< 0). Thus, the CC function shifts to the right.

g
The reduction in government holding of physical capital shifts the

KK function toward the left.




Figura 6: Decrease in Taxes Financed
Selling Physical Capital.

In the new equilibrium we will have a higher inte-
rest rate,but the direction of the change in income can not be
obtained from geometry alone. In the second period, further changes

G

will take place in K* and/or D to satisfy {12}.

5. An Alternative Formulation of Capital Flows.

Instead of using the modern portfolio model for
stock of foreign capital,we can go back to the Mundeil model in
which capital flows are made a function of interest rate and in-

come. In this model we have full compatibility between the mone
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tary approach to the Balance of Payments and the Kevnesian Ba-
lance of Payments. This model can be found in Turnovsky (1977)
and in Frenkel et.al. (1980},

The new model is given by the following equations:

(1) y=a (y,r-1%) + g + nxly, fgﬁ . ¥*)
(2) P =Py
(8) M=1D+R

(9) §=ilr, v, W)

x

(14) R =P . nxly, Ej;;@;y*}»*?(ysm %, p) B0}

f‘

Where Fly, r, v*, p ) is the net capital inflow® Equation (14) is
a keyﬁesiaﬂ balance of paymenis equation.

The system of equation (1}, (2}, (8}, (9) and (14)
is a system of 5 equation in five unknowns y,r, P, M and R.

Now the system is not separable, thus, we need to
solve the three markets simultaneously.

We can solve the model again by substitution. We
substitute {2} in {1) obtaining & Tocus on y and r. We can write

this locus as

5 Here capital flows are a function of the levels of y, r and r*.In
the model of the previous sections capital flows were a function
of the change in the levels of the above variables. We assume that

3F > 0 and anx §f“4 (.

3y y o8y
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(15) r=1r {y; g, 1%, P*, e}, %<0

By substituting into equation (9) the variables P

and r from equation {2} and (15), we obtain:

M = P{y) L(f‘ (,y; s Hes P*a 9),3’9 1"4}

substituting this expression in {8) we obtain the money market
equilibrium condition,which form the core of the monetary approach

to the balance of payments.
(16) R = Ply) Llrly; g, 1%, P*, ) y, W}-D

Now we go back to the keynesian balance of payments
equation. We replace equations (2} and (15) in eguation {14}

obtaining:
{17y R = Ply) nxly, %ﬁ?,y*ﬁﬂf(ﬂy; g.1%, P*, e), y, ¥, o)
+ R_‘.§

Equations (16} and {17) form a system of 2 equations
in 2 unknowrs R and y. These two equations are represented in the

diagram below.
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(.§ s €y ﬁa PFs @}

In this diagram a decrease in capital inflows for
a given R and y shifts the B curve to the teft obtaining & new
equilibrium with Tower R and y. Replacing in (15} we obtain
also a higher r.

The study of the comparative static of this model
can be found in Turnovsky (1977, chapter 9} and in Frenkel et.
al. (1980). The study of the stability of this model can be
found in Turnovsky (1877, Ch.9}.
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Final Comments

The model developed here pretends only to {luminate
macro general equilibrium aspects, a richer analysis of the real
structure of an open economy can be obtained from a two sector
model. For this purpose one can use the standard Swan - Salter-
Corden - Dornbusch Australian Model {(Dornbusch (1980, Ch.6),
Salter {1959}).
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